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| won®tell you haw to be a softare engineer;quQll leam that wer time ly doing it.

Instead this book is about softvare engineering méhodsNw ays people dtieve speciyc objectiss in
software engineéngNthat can sae your project. My hope is that after reading this book (otspairit),
youQll el better egjpped or software engineéng.

'0)< D$7.<?). - 6/16--:16/

Thedeynition of software engineeringwe will use is:
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The deynition vas ageed upon P the Intenational Oganization 6r Sandardization (ISO), Intae
tional Electrotebnical Commission (IEC), and the titgte of Electical and Electronics Engineers
(IEEE) and published in their glosganf systems and softare engineang vocabulay (Intemational
Organization ér Sandardization, 2017). The 500+ padpcument is meant to be imationall applic
able to the yeld of imfrmation te@nology
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Software engineang can help people create misable, gtensible progams that set problems people
care aboutSugainablemeans 8 feasible 6r the progam to gow, exist, and be maintainedxtensible
means 8 feasible to add moredtures.

'0)< D<0-10147;780A -016, %01; 773

My beliefs about softare engineéng inlluenced he | wrote this book. Some ofyrstronged belies
about softvare engineeéng are desdbed belav.

$7.<?): - 6/16--:16/ ; 7< 4)+3)6, '01<-

Throughout the book, Ixplain hav software engineéng is a gay area of computer science. ORightO
ansvers can be hard to ynd and ynmzot be reproducible in diyerent corte. Softvare engineéng as

a yeld also keps banging as resedrescientiss gather nev yndings, engineers delop nev technolo
gies, visionaes deyne n& methodsand the outside evid changs (e.g., a pandemic happened while |
was witing the yrg edition of this book, and thahangd hav software engineéng teams collaborate).
Whereas in pragmming yu might ask, Ols this algitym corect?O wesions in softvare engineéng

are more lie, OHw does ny team knav this softvare is ready to release?0O oedpR leep misinter
preting ny code; hav do | shift it tavard better undetandability and maintainability?O

D7< +2) AT A > A -<)14 7. $7.<?): - 6/16--:16/

IOm not going to telby eserything about softare engineéng because (1) whaby need to kne can
be dratically diyerent depending on comxte (2) if | tried to, this book wuld be thousands of pagand
possiby useless; and (3) matopics are bedeamed on the job. Inead, 10l introduce a set of safte
engineeing methods that are kwm to be useful across multiple coxte give guidance on when and
why to use them, and point to resourcaswhen yu want more inbrmation.

[14- ;6 D<{: .-+< =< #-)44A 13 < )6, <0-:! -784- 7 %77

This book is gared tward Agile software deelopment. Thd® because dile development ewviron-
ments hae becomexremel popularNand because | lkAgile. It mathes hav | think and has been
approprate br nealy all the projects 1@ worked on. But gpu®e not me, and dile isrthe be-all and
end-all, so IOm planning to inporate more from other sofae process models in the future.

6 P %+R, +&%



'0)< D%01; 773 13-

This book vas witten iteratively (ODo something. Do it am, but betterQ) and incrementgDDo a
little moreQ). Lots of sof@ve is witten the same @y.

It haseight mgor topics:

1. Agile: Collaboration-oented philosop of creating softare that elues doing wer comprehen
sive planning and documentation.

2. Project Management and Tearmwork: Working in an oganized vayNand with other people.

3. Requirements Being clear about wh@texpected of the softare.

B

Uniyed Modeling Language Class and Segence Diagrams A couple types of diagms useful
for communicating he your code wrks (or should wark).

Monolith versus Microservice Architectures Two contraing high-level ways to oganize code.
Paper Prototyping: Creating a good user inface design befe coding it.

Inclusivity Heuristics: Guidelines ér making softwre work well for people who are not kkyou.

© N o O

Code Smells and [efactoring: Making your code nicer to ark with.

This book isshort and meant to beeadable

¥ Important concepts are bolded.
¥ Glossay temms are italicized on their ytrsise.
¥ Relevant side notes are embedded throughout.

¥ References are lied at the end of elahapter in casegu need more iofmation.

My aim is to enable gu to aquickly (1) detemine whether edrctopic or method is rekant to yur situ
ation and (2) gt a basic undetanding of the topic or method sowcan discuss it with others onviaa
starting point br exploring more.

%+R, +8&%P7
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Summary of changes

¥ The tet has been caoerted from PDF/La&X to HTML/CSS to impree accessibility
¥ Hoging has mueed from GitHub tdttps://open.oregotete.education/

¥ Alternative text has been added to all inesgy

¥ References, ygures, and tablessnmonorm to ARA style.

¥ More in-line citations ha& been incqrorated throughout.

¥ Renamed Axditional ResourcesO sections tce@Rencesf claity; less releant reérences hae
been remeed.

¥ Introduction: Added a section orhanges to the n& edition; adopted ISO/IEC/IEEEadard def
inition of software engineéng; added a section about the pase of software engineéng;
remaved discussion of future additions becauseideas kep tianging and | ddblike making
pseudo-promises; updated wontact inbrmation; updated &oowledgments.

¥ Chapter 2, OProject Marmament and @anworkO: Alded a project netwk diagam ygure,
removed an unnecessatable to impree accessibilityand impreed the summar

¥ Chapter 3, QRpirementsO: dded &amples ér INVEST; added more wplity attibutes and
explanations; added a OctramitsO type of nonfunctional tegements; enhanced the ustarg
given-when-then, and Deynition of Doneaenples; linled to more use casrgaenples; added
more inbrmation about what mais a good ragrement; and impned the summar

¥ Chapter 4, Otiyed Modeling LanguagClass and Seence DiagamsO: Lingd to more real-
world diagam examples; increased the inegize; remeed an unnecessatable to impree
accessibility and claiyed OassociatioD.

¥ Chapter 5, OMonolitrevsus Microserice ArchitecturesO: dded a telanical casetsidy:.

¥ Chapter 7, Olnclusivity HasticsO: pdated name of the hestics (previously called OCognites
Style HeuisticsO); added a specttaad for more cledy explaining persona cognitvayles;
added persona reactions t@mples; reduced the number gsémples; rerrote the whole leapter;
added more brains to thehaork.

¥ Chapter 8, OCode Smells arefaRtoingO: Impreed summay.
¥ Twealed wiiting throughout.

8 P %+R, +&%
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| welcome wur content regeds, sugg@dgions, and other eedbak. Please email me atetet-

book@lara.tef.
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Chapter 1

[14-

This book is gared tward Agile, but there are othaoftware process modelgad has a diyerent sy
of proceeding through theoftware deelopment lieé cycle (SDLC) This dapter sarts by descibing
Scmum, the SDLC, Aile, and a contréisg software process model calleda¥®ifall. That is 6llowed ly
a discussion oBcrum (an Agile frameavork) and notable gile methods.

This chapter will give you the U&or of Agile and Saam rather than being a compreheesgjuide. Br
more detailed irdfrmation about topics introduced here, see thleri@nces section at the end of thag
ter.

%0- $7.<?). - - >4785-6< 1.- A +4-

The softvare deelopment liecycle (SDLC) is the pragssion of a softare project through yoSDLC
sages:

1. Requirements Fguring out and witing dowvn what the softare musdo, hav well, and under
what limitations or cortgaints.

2. Design Detemining hav the softvaregd code will be suctured and he users will interact with


https://open.oregonstate.education/app/uploads/sites/174/2023/09/CoverChapter02.png
https://open.oregonstate.education/app/uploads/sites/174/2023/09/CoverChapter02.png

the softvare.
3. Implementation: Using the regirements and design to code the safev

4. Testing Cheding that the code as witten without fwult (veriycation) and that the softare is
what the users or clientamts yalidation).

5. Maintenance Improving software8 eisting functionality and code.

There are diyerent ays to trael through the SDLCtages. Rittens of traeling through thetages are
called softvare process models. Commgrpeople compare theghle software process model with the
Waterfall model.

Agile, guided g the Agile Manifedo (Bed et al.,2001), moves through the SDLC appimatel like in

O[T e
00|

Figur e 11How Agile P rojec ts Mo ve thr ough SDL C
Stages

Note. The \ertical lines represent gelopment cgle boundaes. Planning (R,D)dr the n&t develop
ment cygle garts duing the preious cle. R, regirements; D, design; |, implementation;tdging; M,
maintenance.

Agile derelopment cgles are relatiety shot and numerous.éteases are fregnt and incremental. Bac
cycle, ther@® a little more wrking functionality There are multiple ays to go about deloping and
managing softare in an Aile way, sud as ly using the Sarm framevork (Stwaber & Suthdand,
2020 or Extreme Progamming (XP) (Bek & Andres,2004 Wells,2013.

Waterfall moves through the SDLC apprionatel like in Rgure 1.2.


https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig02.01.png
https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig02.01.png
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Figur e 12 How W at erfall P rojec ts Mo ve thr ough SDL C
Stages

Movement is &irlly linear and sagential. Eabh dage depends on the pieus sage haing been com
pleted. Lots of documentation is produced.

Ironically, people often associateaiéfall with an aticle that desdbes Waterfall@ mgor taws. The
second ygure in &ce@ (1970 atticle depicts the \Ateffall model with seen sages and denward
movement from one tage to the net, suggding that meement to the preous gage is not
allowedNyou caf®swim up a \ateffall. Later in the aicle, Royce suggds modiycations to the ek
fall model, sub as making and implementing a prelimyngrogam design (then going Hado the
requirements ®ge as needed).

Waterfall might not mak sensedr mary software projects, but woabout br building a bidge?

'0A ): - )*7=< /14- <0-: $7.<7?):
$7.<?). - 6/16--:16/ -<07,;
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So yu candetect and/or understand what a software de/elopment team is doingWhen
you®e nev to a team, hang a gneral undetanding of dijerent softare process models can
help you ask good gestions, identify what yu see the team doing, and look cqmetent in
front of your team and manag@rs.


https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig02.02.png
https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig02.02.png

¥ So you haeideasto choose from whengu need to select a sofive process model or methaat f
a nev project. You might need tohmose or recommend Wwoyour team proceeds.

¥ So you hae ideas tolwoose from when a project is in troubleecArding to CHAS Repott from
the Sandish Group Interational, Inc. 2015, duiing yscal yars 2011 to 2018,7% to 22% of
software projects failed of the 25,000+ softare projects in their database, with thelitkood of
project &ilureincreasing drasticaly with project size Sometimes,gu can see a project if gu
have the rght methods.

Since this book isocused on gile, the remainder of théapter summazes the Ajile software process
model, one Aile frameavork (Scum), and adw Agile methods.

[14- $+:=5 )6, /14- -<07,;
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The Agile philosoply is summed up\bthe Agile Manifedo for Sofware Deelopment(Be et al.,
200D):

) % &) % + +). O0*& -H&% *&+. ) O0&% +% H#% & )*& +B )&
+r&)". - &S +&-#,?

> % $ " % #! # " &)) & **U% +&&H#B

> | "# & &) &%) %*- &, %+ +&%B
> $'# ! ! # & ) &%+) +%&+ +&%B
> " # & ) &#H&% '#%B

+ @ . # + ) *- #, %+ +$ &%+ ) + @.- # + +$ &%+ #+3$ &B

Why does this book va a whole bapter about gile and not one aboutaérfall or ary other softvare
process model? Because 1nogianizations use gile for software or IT projects.

For exkample, an HP suey of 601 respondents (Méett Padard Enteprise,2017) found the dllowing
distribution of what oganizations use as theiriprary software process model:

¥ 51%: Leaning tevard Agile
¥ 46%: Hybid

54 P #



¥ 16%: Pure Aile
¥ 7%: Leaning tward Watefall
¥ 2%: Pure Vdterall

Why do oganizations boose Ayile? According to HPout of 403 aganizations that he pimarly
adopted Aile, the bllowing percentag of respondents aged with thedllowing datements aboutdile
development:

¥ 54%:Enhances collaborationbetween teams that d@usualy work together
¥ 52%:Increaseghe level of software quality in organizations.

¥ 49%: Results in increaseclistomer satisaction.

¥ 43%: Shotenstime to market.

¥ 42%:Reduces cosbf development.

$+:=5

Scrum is a vell-known framevork for software project managnent. It aligns with the dile philosoph.
For exkample, the Serm Guide (theeer-evolving manual ér Scum; Stiwaber & Suthdand,2020 says
that to reliect the Oresponding hamgeO alue, a softare project should be brek into deelopment
Spiints that are usualtwo to four weeks long. EdtSpint has a Spnt Plan. Spint Plans can be deyned
shottly bebre the Spnt; Teams (and their ct@mers) might ol knov what is happening with the pro
ject® development ér a couple weks at a time.

Scrum Teams yt their wn methods into the Sem framevork, which the curent \ersion of the Sem
Guide divides into three categes: theteam, theevents and theartif acts To give you a quick, corve-
nient introduction to Sam, eab element of the framrk is liged belav, by categoy.

The Team The Scum Team Ocondisof oneScrum Master, oneProduct Owner, andDevelopersO

¥ Scrum Master: Oaccountablerfestablishing Scrumas deyned in the Sem GuideO

¥ Product Owner. Oaccountablefmaximizing the value of the product resulting from the wrk
of the Scum TeamO

¥ Developers Opeople in the San Team that areommitted to creating ary aspect of a usable
Increment edt Spint.O

# P55



The Scum Mager@ focus isprocess the Product Own@ focus is theproduct (software), and the
Developer® dcus iscreating a product whiledllowing Scum processes.

The Events There are y& Scum e/ents:

¥ The Sprint: yxed-lengthdevelopment periodsof ®ne month or less . . A nav Spint starts
immediatey after the conclusion of the pieus Spint.O

¥ Sprint Planning: Oinitiates the Simt by laying out the work to be peformed®

¥ Daily Scrum: Oal5-minute event br the Deelopers of the Sam Team . . .dcuses on pragss
toward the Sgnt Goal and produces an actionable plartifie n&t day of work.O

¥ Sprint Review: Otdnspect the outcome of the Sprintind detemine future adaptations. The

Scrum Teampresents the results of theiowk to key stakeholders . . O

¥ Sprint Retr ospective: Otgplan ways to increaseuglity and eyectieness . . Scrum Team

inspects he the las Spint went . . O

A Sprint is a deelopment peod that occurs in a ses of Spints, whid are edg laid out duing Spint
Planning. Edg da/, the Deelopers hee a 15-minute meeting about planning thet merkday. Spiints
end with a Spnt Review (team andtakeholders) and a Sipt Retrospectie (team o).

The Artif acts There are three Son atifacts:

¥ Product Badlog: Oan emgent,ordered list of what is neededo improve the producO

¥ Sprint Backlog: Ocomposed of ti&print Goal (why), the set oProduct Baklog items selected
for the Spint (what), as w&ll as amactionable planfor delivering the Increment (v).O

¥ Increment Oa concretgtepping stone tward the Product GoalO

The Product Bddog contains a rough liof tasks the Sam Team is planning to do some time, but

the tasks haer®yet been steduled and manot be deyned in detail. The $prBadlog contains tasks

the team has decided tmrk on and has added details about completing the tasks. An Increment is an
adhievement tavard creating the product (e.g., ynishingeatfire implementation).

The Scum Guide(Schwaber & Suthdand, 2020 descibes the Sarm framevork elements in more
detail and deynes some of thenerthat vere ungplained here (e.g., Spt Goal).

56 P #
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There are seeral notable gile methods that can be used withinBor(or other framegorks, or other
software process models). A of them:

¥ Scrum board: A way to oganize and visualize tasks ookk as cards on a board. The board has
columns 6r diyerent categoes, and edctcard is placed within a column. A 8an board could be
a plysical bulletin board withtecky notes or inde cards. It is also a commoedture of task man
agement softwre.

¥ Spike: A quick and to-the-point medigation br gatheing information to help the team ansna
guegion or dhoose a deslopment path.

¥ User story. A shott desciption of a softvare £ature from the perspeatiof fulylling a user need
(e.g., using thisdrmat: As a <role> | can <capability>, so that <reedieneyt>). @sks, piori-
ties, time/cosedimates, and acceptanceteria ma/ be associated with a us¢ory.

$=55): A

Q\gileO has associatealwes but no concrete meaning # philosopj and ther@ not jus one vay to

follow it. Agile framevorks sub as Sanm give more concrete guidance on safte deelopment and
project managment Scium is deyned ¥ the curent \ersion of theScum Guide(Sdwaber & Suther

land, 2020, which changes freaqient.

H#-. -1 -6+-;
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Chapter 2

I 72-+< )6)/-5-6< )6, %)5?77:3

Project managmentis the process of planning angeeuting a project while balancing the time,tcos
and scope cofraints. Time, cos, and scope are knm as thdriple consraint

How does one minimize time and mgngpent on a project while dediing an adegate gature set?
Risk managment is ky. Riskis the esmated probability of a loss g a set of knen and unknan
factors. Risk can baated as high, medium Mo or numeically. Ways to miticate isk includedeyning
and keeping trad of your project, communicatingwith your project teant,eseaching the implica-
tions of decisionsdeveloping badkup plans, and selectinguitable tools

This dhapter cwers a wariety of project managment methods, including those relatetetomwork. The
methods are not limited to one type of s@ftevdeelopment emronment, but this ltapter like the res
of this book, is gared tward Agile. There are marmore methods that a@uliscussed here; thibap
ter pravides a arter set of well-knovn methods and highlights diyerent areas of project mamagt.

'0A -):6 )*7=<1: 72-+< )6)/-5-6<

Why is there alcapter about project maremgent if this book is intendedrfpeople who ant to become
or are curently software engineers?

)& + % $ %+ P59
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¥ You mightbecomea project managr (e.g., wyur emplger asks gu to yll the role, or gu®e inter
eded in a nes position).

¥ You mighthave a project manag. Undersanding some basics of project magagnt can help
you undertand what thg®e doing (e.g., using a RA matix to deyne who on the team does
what) and what thgde trying to tell you about the project.

¥ You might need tself-manage (e.g., within an aganization that has a tattened hiehgrror
within an Agile team).

% :184- 76;<:)16<

Project managment is pdially aboutoptimization: How can ve use our limited ynancial and personnel
resources to complete our projegtthe deadline, without goingrer bud@t? These conces are often
summaized as needing to balance three t@msts.

A+ &) % &t )2#**€&S$  +$ * &%* )(#+ O0*' )+ )&$* &B %*&+. ) % % ) %@
)G) $ %+ % # ((#+ OB

¥ Time: duration of the project, interediate deadlines
¥ Cost monetay, personnel, and other project resources

¥ Scope what the project is meant to accomplish and thaeireqents of the project, including
quality

This set of three is called theptie consgraint.

It can be dipcult to balance these three doamisits. Commonitallengs:

¥ You®e meeting with a client whoys, OOh, Idrgot to mention w want this &ature. That an®
be a big deal,ight?0

¥ You realize late in the project that to implemesattéire A, puOll need to implement B, C, and D
as vell.

¥ Your team®esimates vere averly optimigic (theplanning &llacy).

These situations are so common thai ganassume thg®e going to happerand come up with mnit-
igation planeven bebre the projecttarts. But maw situations are more complicated (maaetbrs with

5 P )& + % $ %+



more interelationships), more unig to yur contat, and hae factors that leak fromogr proessional
life to your personal . Here are someamples:

¥ Youle working on a project with aiend who is anxeellent coder but oglavailable br the net
three monthstime). They also hae their avn ideas about where th&ant the project to go
(scopg. You knav your friend will be more enthusitis about the project if tyehaze more con
trol, and that meansugcker implementation and lesovk for you (cosf). But tha@ mean sadyc-
ing some of gur avn feature piorities (scopg.

¥ Youle working with a y\e-person team.odr colleague needs help, but all hours tinesbilled to
a project, pu@e etting pressured tday close to the budg, and pu bill at a higher rate than
your colleaguedos). If your colleague doefget help, thg might spend>dra hours self-training
(cosd, could swith to a diyerent project, and th&e small bance thgOll mak the project tak
longer {ime). Scopeis yxed: the product musatisfy all its regirements.

Making grategic project decisionsvalves adjusng project consaints. If you want to reduce time and
cod spent on a project or increase project scopeQl need a carsponding ktang in one or more
other conwaints (\an Wyngaard et al.2012).

)6)/-:11)4 $3144 1@

What skills are regjred or managing a project? There are three broad cagsgoompising theman
agenal skill mix (MSM) (Badavy, 1995.

¥ Interpersonal: Communicating eyectaly with aryone likely to ayect the project (e.g., engineers
on your team, managys, clients, contractors, IT suppaatc.).

¥ Tednical: Usingmethodsand egipment eyectiely (e.g., knavledge of appropiate processes,
undersanding and witing code, etc.).

¥ Administrativ e and concefual: Undersanding the Obig pictureO vision (conceptual) and being
able to mge macro-lgel pieces (e.g., teams, defpaents, divisions, etc.)ward that vision
(adminidrative).

High-level managrs (e.g., CEOs) tend to need a diyerent mix of skills thaerdtevel managrs (e.g.,
project managrs). for example, a project managmight needtsong intepersonal and témical skills
while only occasionall consideing the big picture of he a project yts into @anizatio® overall vision
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(Badavy, 1999. Since this kbapter is about project mareagent, ve will focus on intgoersonal and
tedhnical skills.
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One way to reduce risk is to inprove team communication which can increase the gkhood of pre
ject success.

As badground br this section, considdudkmar® model of team delopmeni{Stuat, 2014 Tuckman,
1965 Tudkman & Jenserl977).

1. Forming: Team members becomeeanted through témg eat othefd boundaes and esblish
ing dependency relationships with peers, leaders,asiihg team sandards.

2. Storming: Team members resigroup inliuence, their peers, their péeideas, and tasks.

3. Norming: Team deelops coheseness, dases nav dandards and roles, and membeqgress
personal opinions related to tasks.

4. Performing: Team roles become xible; team dynamics andracture sere the function of the
team and task prmance.

5. Adjourning : Team disbands.

The res of this section discusses speciyc methods a team can use tggropromunication. Consider
where eas might yt in to thesetages (ther@ not jus one answr).

<)*41;016/ 7=6, #=4-,
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Teamground ulesare a preemptey or reactie method dr reducing team contict and sfynction.
Ground ules might alreadyxest when a teamoims, others might delop as the team becomes mai-
ized, and reisions might happen as the team proceeds with thleek and identiyes e team concers
or oppotunities. O be eyectie, the gound ules need buyn from the whole team. What theogind
rules should oeer or should bearies ty team, but bele are some wegions that mg help.
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¥ What is ouvision for what this team is or whate@e trying to accomplish tagther? (Clients
choose us becausefie honesand transparent.)

¥ What do ve prioritize mog? (Delivering a high-giality product ahead of the deadlingyum from
all team members, horiag diverse end-users, making the big k&g

¥ What methods will & use ér day-to-day communication? (No interupting, no €plaining, lisen
to and aknowledge what other people areysag, ask people if thgbe busy bedre sarting a long
cornversation).

¥ What methods will w use taommunicatewith eah otherduring contict? (WeQll use naio-
lent communication, @Dl bcus on the swing the problem irtead of who to blame.)

¥ What epectations do @ hae for work habits? (Tuesdgs from 1:00 to 3:00 p.m. is silent time; be
yve minutes edy to meetings.)

¥ What expectations do @ hae for responsienes® (Respond within tw hours duing regular
work hours; hae the team Discord open duy regular vork hours.)

¥ What will we do when team membdsl expectations? (WeOll discuss grteam problems on Fr
days at 3:00 p.m.)

¥ How will we get to know ead other? (WeOll discuss ehmthefd cognitive gyles; weOll set up a
chat cannel ér socializing.)

The end product of angning quegions like these could be atief shot satements th& posed some
where people will see it regulgr

The quedions your team asks, and the amsg; will vary depending on the individuals on the team and
on contet (e.g., culture). Whater those gedions and ansers are, ideall they will feel meaningful
and authentic. Ifqur team gts the éeling the gound ules are siil, phory, too aspirational, too inie
ible, or too authatative, that could ivalidate pur team&eyotts tavard creating thergund ules.
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A RACI matix is a dart for deyning who is responsible (R) and accountable ¢Apftask or delier-
able, and who should be consulted (C) oorimfed (1).

Example RACI Matrix. A RACI matiix is often brmatted as a table, but it can also bétem as a lig
as in the dllowing example.
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Project Phase: Minimumisble Product (MVP)

¥ Focus goups
u Frontend Deelopers: C
u Frontend Designers: R
u Frontend Lead: R/ A
u Badkend Deelopers: C
u Badkend Lead: C
u Team Lead: R/ A

¥ Requirements speciycation
u Frontend Deelopers: R
u Frontend Designers: R
u Frontend Lead: A/ |
u Badkend Deelopers: R
u Badkend Lead: A/ 1
u Team Lead: C /|

¥ Throwaway code design
u Frontend Lead: |
u Badend Deelopers: R
u Badkend Lead: A

u Team Lead: |

¥ Implementation
u Frontend Deelopers: R
u Frontend Designers: C

U Frontend Lead: A
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u Badend Deelopers: R
u Badkend Lead: A

U Team Lead: C /|

¥ User acceptance tey
u Frontend Deelopers: R
u Frontend Designers: R

U Frontend Lead: R/ A

c

Badend Deelopers: R
Badend Lead: C

c

Team Lead: C /|

c

Interpreting a RAI Matrix. One person might ka multiple roles. d@sk or delierables can be ganized
into phases.

¥ Responsible (R) Who will do the vork.

¥ Accountable (A): Who will apprare the vork and mak sure it gts done.
¥ Consulted (C)Y Who can discuss and oyer advice about thekw

¥ Informed (I): Whom to leep up to date about thiatsis of the wrk.

A RACI matiix is a methoddr reducing isk. If your team doegbknow who needs to do what (aorf
gets, or can plausipldery knowing), that can increase the probability of aateg events and outcomes
(e.g., shipping a bran product to cusmers because nobodysvassigned touglity assurance).
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Fist of yveis a methoddr chedking and building consensus within eogp of people. One person (e.g.,
team leader) mas a stement or proposes an idea toraup, and edt person communicates their
level or ageement or suppbby holding up a ysor up to ye yngers. It has become associated with
Agile (Belling,2020, but sudents of diyerent ags use it, too (e.g., Fléter, 2002 Hulshult & Krehbiel,
2019.

What each number of yngers means

¥ None Srong reject. Bloks consensus.

¥ One: Reject. Mgor issues need resahg now.

¥ Two: Weak reject. Minor issues need resod now.

¥ Three Weak accept. Minor issues can be resollater
¥ Four: Accept. M issues.

¥ Five: Strong accept. Wing to lead or tampion.

If anyone suggds rejecting thetatement or ideaybholding up tve or fewer yngers, the team canap,
discuss, mak changes, and ste agin until ther@ supcient consensus @tup to the team or its leader
to decide hev mud consensus is needed.

The yg of yve method can reducisk by (1) bringing problems to light and (2) increasing team naetiv
tion, avnership, and vedment.

% -+061+)4 $3144; 72-+< -G61<176

This section contains methods helping with theechnical sideof deyning a project, including deyn
ition of scope prioritization, edimation scheduling andtask managment

I 72-+< $+78-

In an Agile software deelopment evironment, a proje@ scope is implied through sets of tasks (e.g.,
release planProduct Baklog, iteration plan Spiint Badklog). Ead iterationmight have a goal (e.g., a
Spiint Goa) that summazes what the set of tasks is meant to accomplish habialso parof deyning
scope 6r Agile projects. The scope is pasey Uexible and emages as the project proceeds.

In other ermironments, the project scope (a.ktatsment of wrk) is a speciyc documentsing the pre
jectd objectie, delierables (outputs), milemnes, tebnical regirements, and limitations{elusions.
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Above, we talked about the three fjoa congraints of project managnentNtime, cos and scopeNand
that balancing them i@always graightbrward. What should the balance beaHio | knav whether
IOm ddieving balance? He does this yt into he the project isun? One methodf more concretgl

stating the desired balance is fmject prority matrix. Table 2.1 shws a sample blank projectiprity
matrix.

+ o I

8%*+) %

% %

"+

¥ Constrain: The contraint is yxed (can gt better but musot gt worse).
¥ Enhance Try to improve (e.g., ta& less time, spend lessyhanore €atures).

¥ Accep: Can worsen (e.g., more time, more personr@lef features) if necessar

Table 2.2 shas a sample completed projectquity matrnix. For this kample, imaginequ hae a gant
from the National Insgitutes of Health (NIH) to wte and tessoftware br a medical dace that automat
ically regulates a pers@npain Ieel.

+ o+ # ! #11#H#
i
&%*+) % F &+G
% % F* &G
"+ F+$ G

Note. The tet in parentheses is prioled to mak the table screen-readeiendly.

Ead chedkmark in the ylled gample represents theltowing.

¥ Scope Fixed. Your team musdo what thg said thg@ do and cannot senp on auality. If the
device ony pattially works, that wuld be a disasrNy oudll be teg it on human subjects!

¥ Cost Needs to be tightlcontrolled because theant is br a yxed amount and funded baxpa-
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ers.

¥ Time: While the project hopefuyllsays on trak& and deliers as promised, if neededuy team
can submit intenediate results to the NIH and perhaps use those resuéisdao@her gant.

Ideally, the project pgority matiix would be deyned befe the projecttarts (with the client) and ref-
enced throughout the project as neededelping and adherg to the maix can reduceisk by help
ing the team or project marexgoalance comsints in vays that are acceptable to the client.
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Individual tasks, too, need relagipioritization. In an Ayile Scum erwironment, this wuld be the

responsibility of theProduct Owneand in Agile Extreme Progpmming (XP) it@ the cummer

But hav are task porities decided? One highvel method is called th€isenhever matix (Table 2.3).
+ ., " & ! #

I # # #
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Ead cell in the Eisenhwer matix means thedilowing.

¥ Do (urgent, impotant): Needs to be done aectly and nav. An example is documentingoyr
undocumented code so that avrigre can &art contibuting.

¥ Decide(not uigent, impotant): Needs to be done aectly but not immediatgl An example is
refactoing your curently working code. Suta task needs to be donem,tually and done
rightNmaybe the ne hire can handle it in a couple months.

¥ Delegte (urgent, not impotant): Needs to be done wpbut migakes can be absorbed (e.g., teler
ated, corected later). Anxample is needing to initialize the task mas@mgnt sgtem so the team
can begin deyning tasks. Ifdtnot doneight, tha@ yneNthe deelopers and manags will adjus
the setup as needed. The tasluld be a good leamg task or the nev hire, who doesbhave
mudah to do rght now.

¥ Delee (not ugent, not impatant): Doesneed to be done aerctly or ary time soon. Can be
eliminated. An gample is implementing a loading screen that looks dilame of pong, but
you®e the ory one on the team who thinks t@s# cool idea.
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Doing a yr¢-pass task poritization using an Eisenlr matix can reduceisk by both conserving
resouicesandusing resouicesthoughtfull y (including yourself). It can also help witheging out of the
mode of Oputting out yresO (concentrating on tiemutasks), whit can result in impaant but nonur
gent tasks etting etenally left at the end of the to-do figperhaps resulting in projedilure).
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What happens when there aralltiple important tasksto conplete that have the same leel of
urgency? Hav does one decide wlnds more impaiant? Here are some methods dleciding whib
task has higher mrity when thg seem rougiyl ecuivalent.

¥ For implementation tasks (e.g., coding,hatecture, other implementatiohaices, etc.)ask an
expert. They might knav from expelience whit tasks hee more unknans, more isk, depen
dencies, and so on.

¥ If it@ an implementation task andufe meant to be arxpett, you can do adcused resealc
eyort called aspike to gather more irdrmation about the task, wiigén tum can help gu priori-
tize it. To do a spile:

1. Come up with agegion.

2. Try to ygure out the ansav by reading (e.g., documentation, other pe@ptwinions) and
expelimenting (e.g., coding in a sand®)oYou will probaby get ideasdr more giedions in
the process.

3. Repeat until gu hare enough irdrmation.

A good way to do a spik is to $art doing the task and see what @la$es yu run into. Example:
You need to set up a local ger for teging and then wte a tessuite. You hare experience witing
teg suites but h&e never set up a seer. After doing a spi&, you realize that some of the t®s
you®e going to wite rely on the local seer haing a satic IP address, whicyou leaned is not the
default. Based onagur yndings, pu decide to poritize the sever setup because (1) thettssite
depends on it and (2) the ger setup tasktdl has mary unknavns, and gu®e not sure he long
itOll tak to eliminate those.

¥ Think aboutdependenciesWhao3 waiting on yu to complete the task? Wanary other tasks
depend on this taskxample: You esimate iOll tak 15 minutes to complete a task thad tther
people are @iting on. You decide to do that ek your fourhour task. Seems kkthe olious
choiceNbut if you®e not avare of whit tasks depend orowrs or are deep into solmvk mode,
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you might mak a suboptimaltlmice.

¥ If you®e deciding whib feature to implementoy canask the customer or userslirectl (e.g.,
through a phone callpcus goup, sunvey) or indirecty (e.g., ly looking at suppdrtickets, asking
the marleting team, detecting an unmet need based wrpleople use other sofane).

¥ Other vays to selectdatures includgoting (e.g., within yur team) opairwise compason(e.g.,
Is Feature A more aluable than &ature B? If so, is¢ature C morealuable than &ature A?).

A natural side eyect of ritization is ynding hav long itOll tak to complete a task, what dependencies
exist, who the plgers are, and what the end usants. All this knavledge contibutes torisk mitigation
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Intertwined with pioritization is eimation, or yguing out ahead of time olong a task is ligly to
take. But what does OlidongO mean, andwalo we ygure it out ?

According to the gile community (Cohn2006, there aréwo mehods for stating the size of aask

1. Story points Assign a number to a task representing its size reladiother tasks.df example, a
software ingallation and a viis scan might both be a 1 if yhiake roughy the same amount of
time and eyot, have roughy the same amount afk, and the lik. Implementing a njar feature
might, havever, be an 8. Wur team decides ofar the scale goes.

2. |deal dgs: Assign a number of ga you think ifd take to complete the task if therewe no other
tasks or disactions. er example, if it tales me 5 minutes to rewma single sgare bot of gass
from my lawn and | hae 100 sgare et to remee, that is 8 hours and 20 minutes total, so about
one ideal dg (if your workdays are 8 or 9 hours).

&$$ &Y% * #* &) *+&)0'&%+* ) 5+&54@ &% @ %'& . )*& 6B #H++)+. &) $ %+
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Once sory points or ideal ds are assigned, a team can maktements lik, his month, ve will
complete 50 tory points® 010 ideal yigO and so on. ®k completed (intsry points or ideal dgs)
is, in Agile teams, called theelocity. Teams can makinitial esimates aboutefocity and then adjtis
depending on he accurate those &®ates end up being.
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But how are estimates assignetb a task? Another dile idea isplanning polker (Cohn,2006 Mahnid

& Hovelja,2012. With this method, the teanets togther to discuss a set of tasks, andhgemrson gts

a set of cards with the diyerent possiltieng points, ideal dgs, or other aspects a task can be assigned.
One person desbes the task, the team askedions as needed, and thenlepgerson pvately decides

on an eBmate ly selecting a card @eping it &ce davn or hidden). Onceveryone is readythe cards

are reealed. \anations in emates arexgected, and paof the process: diyerences open a discussion.
Someone making a hightesate, br example, mg think of good reasons wha task is likly to tale a
long time. Someone making aMaegimate mg identify an epcient idea nobody else thought of. The
team discusses and, once rea@dn repeat the process untiimstes become supciemnticonsisent.
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Once a set of tasks has been deynddripized, and etimated, those tasks can béeduled. Seeduling

a task is placing it within the time line and cotitef a project. The conté of a project includes other
tasks, personnel, and non-personnel resources (eugpreant), and mildenes. One methoaif deyn

ing and visualizing a proje8tshiedule is using @roject netwrk diagam, which is a directed ph
shawing a projedB tasks, the segnce in whib they should be completed, and the dependency relation
ships betwen the tasks. The nodes in therap represent tasks, and the lines witloves represent
dependency or sagnce relationships. A project nek diagam maes left to ight, where left is ear
lier in time. Hgure 2.1 shars an @ample.

Prolotpr Test GUI
with users

Project start lm%l}c{lﬂcnt H Project end J

Selecl GUI
framework

Figur e 2.1Example Simple P rojec t Net work Diagr am
(No Estim ates)

Note. This format of project neteawk diagam is called Ativity-on-Node (AON) (Larson & Grg, 2018.

For a task to be represented as a node on a projearketimgam, it needs to (at a minimum) be-dis
tinct from other tasks, and its dependent tasks (a.k.a. predecessdrberkosvn. A project netwrk
diagram becomes more useful itiesates ér the tasks are also kmn, havever.

Congructing a project netark diagam. A project netark diagam can be created manyadir aute

matically generated Y software. © automaticall generate a project netrk using softwre (e.g., MS
Project, Lucidbar), you@d need to enter the project data in tabuamf sut as in a spreadsheeable
2.4 shavs an @ample.
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Note. These data couldegerate the project netwk diagam in kgure 2.1.

In Table 2.4, gen though @isk 2 mushappen beire Task 4, i@ not lised as a predecessor becau®e it
not an immediate predecessor

Depending on the softwe yu dioose ér creating gur project netwrk diagam, you might hae access
to more compbe options like speciyc datesybwhich individual tasks mu$e completed.
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A task managment sgemcan be used to ganize tasks, task details (e.g., dg#n, acceptance er
teria, assigneetatus), and other ralant inbrmation (e.g., whic iteration or phase the task belongs to).
They@e useful br omganizing and ®ring information about tasks, but alsw the satisiction of marking

a task as donelaBk managment sgems like Asana, Jira, anddllo are srongly oriented tevard team
collaboration. Some of thesesssms are also dile oriented in that the oyer Agile-inspired &atures
(e.g., templates).

Common features of ask managment sytems

¥ Create, remee, update, and delete tasks.

¥ Enter task name, degation, notes/comments, and add dttaents.

¥ View tasks as a lisas cards on a board, or within a time line (&guntt dar).
¥ Organize tasks into projects.

¥ Assign tasks to diyerent team members, with due dates.

¥ Enter task®tus (e.qg., in pragss, done).

¥ Get email notiycations about tasks.

¥ Add tags, kywords, and categms.
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Task managment sgems dof have a uniersal vay to generate project netwk diagams. Br that,
you might need a full featuredoroject managment sgtem (e.g., MS Project). Butou mg ynd that a
Gantt tart or road mapdature meetsour needs and iszailable within yur task managment sgem.

$=55): A

Project managment and teawork can reduce thaesk of a projectdiling and mag it possible to com
plete lager projects. Bt of good project managnent is balancing time, scope, and ¢tiee tiple con
straint).

Project managment methods to help with team communication inclutidkshing gound ules, deyn
ing roles and responsibilities in a RAmatiix, and measung and building consensus using the gk
yve method.

Methods 6r deyning a project include ipritizing tasks using a projectiprity matiix or an Eisenhwer
matrix, egimating tasks usingory points ideal dgs, and planning pak, visualizing a project $edule
using a project netwk diagam, and using theé&tures of a task maregent sgem.
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Chapter 3

#-9=1:-5-6<;

A softwarerequirementis a wle the softwre musconbrm to: what it musdo, hav well, and within
whatcongraintsor limits.

% A8-; 7. #-9=1: -5-6<;

There are tw maintypes of requirements

1. Functional regirementsare @ desciption of a behwior that a sgtem will exhibit under speciyc
conditionsO (\égers & Beatty2013 p. 599). br example, Olf the user aciies the Ologlnbut
ton, the login pag will appea® Finctional regirements anser the giegion, OWhat mughe
software do?0

2. Nonfunctional regirementsare @ desciption of a propelly or characteistic that a sgem mus
exhibit or a consaint that it musrespectO (Wgers & Beatty 2013, p. 600). 6 example, OIf the
user actiates the Ologlnbutton, the login pagvill appear within 500 millisecond®.This non
functional regirement has aharacteistic that the sgem mus exhibit: responsieness. Bspon
siveness is also calledgaality attibute. An example of a nonfunctional regement about
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respecting a cotrsint is, @he GUI toolkit musbe able to displanon-rectangular windes O

Figure 3.1 shars a simple xxample of a desigrafling to retiect a nonfunctional negement and a func
tional reqiirement.

Figur e 3.1Two Failed
Requir em ents

Note. This rolling table &ils the nonfunctional regrement of ytting through anvarag door and the
functional regirement of haing four legs.

'0OA #-9=1. -5-6<; )<<-:

The design and implementation of sadte should, ideal] follow from the regirements. Here are some
ways requirements ae helpful and reasons tlgaare impotant:

¥ When deelopers aredgiven regiirements, themight prioritize functionality the y personally
think is important or fun to implement, but what delopers vant to implement might not mak
the project successful.

¥ When multiple deelopers are wrking on the same code, tegements cahelp them sty in
syncandpursue the same goalWithout reqiirements, time, eydy and mong can be \aged
implementing conticting code.

¥ When regirements ardbspeciyed, iB easierdr projectstakeholderge.g.,clients patners,
invegors, consultants, managent) tanduence the poject toward satisfying their ovn (posst
bly Geeting)wants or needs This can result in the projectifting away from what it vas ofgi-
nally intended to doNand can lead to projeatildire.

¥ Requirements aréelpful for communicating about softvare with sakeholderskeeping trak of
everything that needs toeg done, and helpingoy and the cliendecide what really needs to gt
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done(clients sometimes d@rknov what thg really need).

0)< )3 =) 77,#9=1: -5-6<

Teams or @ganizations canlmose their wn gandardsdr what maks a good ragrement. Here isne
sd of standards (Texas Depament of Inbrmation Resources2008:

Requir ements should be . .

¥ Correct What thg sg is right.

¥ Unambiguous There is ont one vay to intempret them.

¥ Complete: They cover all tha@ impotant.

¥ Consistent They arer® contradictoy.

¥ Ranked for importance and/or sability .

¥ Veriyable or testable: Therd8 a vay to ygure out if thgde satisyed.
¥ Modiyable: They can be bangd.

¥ Traceable It@ possible to ygure out where yheame from.

Reauirements should also be . . .

¥ Cross-referenced to ealier documentsthat relate.
¥ Uniquely identiyable.

¥ Organized or maximum readability.

#-9=1. -5-6<; 41+1<)<176

The process ofatheing requirements is calledequirements elicitationRequirements can come from
ary gakeholder including clients, manags, users, gemments, deelopers of softare to be integted
with yours, the deelopment team, ancyrself. Requirements elicitation wolves both detectingake-
holder® wants and needs and usinauy proessional judgment to decide whicequirements todcus
on.
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To deect siakeholderd) wnts and needscommunicate and obser Some methods:

¥ Interviews: Sructured (gegions deyned ahead of time), sermiustured (someuwggions prede
yned, some gnerated dumg intewview), or ungructured cowersations.

¥ Focus goups Small, goup cowersations in whic the paticipants discuss topics among them
seles, with moderator guidance.

¥ Lab studies Participants peform tasks in a controlled setting (e.gy, to use an efr prototype,
then gie feedbak).

¥ Exploratory r eseach: Multiple methods of immersing oneself within therd of relevant pee
ple and products, with the qaose of gining knaviedge and deeloping empaty for dakeholders.
For example, after doing a dgn-the-vall obsevation, you realize that people o@gnd Aisle 25
because @ in an unepected place. & decide to poritize the Aisle Mapédature in thetere@

app.

Depending on the softwe deelopment emronment,these méhods might be the jurisdiction of spe
cialist reseachers in marketing or interaction design. Hanington and Main (2019 descibe these
specialis methods (and marother releant methods) in more detail.

Developers can elicit equirements, tog by having corversations withtekeholders. There afactors
that can ayect the successf that approdt, havever.

¥ Stakeholders might na have experience or expertise. Developers can help lalge the gp
between what thetakeholder vants and what is tbaically feasible and reasonable (e.g.emgiv
time, cos, and scope, what is also kmo as the iple congraint).

¥ Stakeholders might na have good ideasThey might be incarect about what ttyeor other peo
ple want or will use. Deelopers can sometimes pide guidance tward better ideas, but dsop
ers can also ve bad ideas. Methods $uas bcus goups,usability teting, and releasing a
minimum viable product (MVPgan help with ygung out whether users will use (andygar)
the softvare.

¥ Stakeholders might nd know what they want. They may have a rough idea, or an idea Bzt
odds with their vants or needs.

¥ Stakeholders might want what@® bad br them or others. For example, users ant apps that
malke their fice beautiful in photos, du@eatures mapromote unrealtg beauty &andards.

¥ Stakeholders ae humans They communicate impéectly.
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With experience, ypu can lean hav to eyectiely gather relgant inbrmation from sakeholders and
male your ovn judgments about othat inbrmation translates into ragements.

76.=6+<176)4 #-9=1: -5-6<;

Nonfunctional regirements desdre hav well the softvare needs to pfarm or what consaints it mus
respect.

Examples of nonfunctional requirements

¥ Response time should beawfseconds or less in all operating/eonments.

¥ The front-end design mube &aluated using thiclusivity Heuistics by at leastwo people edt
Spiint.

¥ The softvare musbe aailable 24 hours a gase/en dgs a week, and mushase an uptime of
99.99%.

Notice thatead nonfunctional requirement has a gantity. That helps makit tesable (a citerion for
a good regirement).

"Z)41<A <<I1F=<
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Quality attibutes are wrds br descibing Oa seice or peformance bharacteistic of softwareO
(Wiegers & Beatty 2013, p. 601)Some common qality attributes are asdllows.

¥ Maint ainability : Amount of eyot neededdr deselopers to update, @ftor or othewise modify
the softvared code.

¥ Portability : Amount of eyot needed toun the software on diyerent pladims.
¥ Reliability : How often the softare3 functions succeed aaif.
¥ Epciency: Number of resources the soétve reqires.

¥ Integrity : How frequently the softvare loses data.
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¥ Memorability : Amount of time users muspend relearing functionality
¥ Flexibility : Number of diyerent \ays the softwre can be used.
¥ Inter operability: Ease with whib the softvare can inteate with other softare.

¥ Reusability: Extent to whib the code can eagibe used to se¢ other problems.

Ead quality attibute can be comrted to a scale.d¥ example, the lwved value on a reliability scale
for a single could be Othe function succeeds 0% of thé&tiame, 100% ould of course be the opposite
pole. Gien this scale, a/can specify a nonfunctional tegement ly deyning a pdormance threshold:

¥ The function mushare high reliability (succeeds >99% of the time).

When yu select gality attibutes br your software, yu are pioritizing what qialities matter maso
you/your team/the project. Idegllyour team wuld keep theseuglity attibutes (and the cogsponding
nonfunctional regirements) in minddr the duration of the project. If the soéte is not meeting the
nonfunctional regirements, either the sofare or the threshold of acceptability needshiangg.

76;<. )16<;

Some nonfunctional regrements are not aboutigity attibutes and are itsad abouttsying within
condraints. Thedllowing areexample types of constraintWiegers & Beatty 2013):

¥ Those limiting tebnology doices (protamming languaes, framworks, databases, application
progamming inteface (API) types, etc.).

¥ Those limiting what platirms are tageted (e.g., mobileersus desktop, iOSevwsus Android).
¥ Those limiting what about the sofiwe can bang (e.g., 6r ba&ward compatibility).

¥ Those limiting hav code can be itten (e.g., llowing paticular coding and documentatiotas-
dards).

¥ Those limiting hav data can be handled (e.g., osly be sored on US seers).

A conceptual diyerence betgn congaints and gality attibutes is that coiints are oftenx@éemally
mandated, whilewplity attibutes can belosen intemally by the team.
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Functional regirements desdred what the softare musdo.

Example functional requirements

¥ When the OredixO button is actived, the us& information is added to the database and a
Othank gu for regigeringO screen dispis

¥ As a wholesaler want to see the wholesale and retait@s when | go to Oproductwi® so that |
know howv much mong IOm going to mak

¥ Given a user has germed at leasone editing action, when thactivate the Oaction hisyO
window, they see a lisof editing actions thehave talen.

Ead of these functional redrements isdrmatted diyerenyl. There is®a namedr the yrs$ format; it
simply gates what should happen when aipatar action is tagn in the softa@re. The second usaser
story format, whid is common in gile software deelopment. Thisdrmat emphasizes the usarhat
the user is ¥ing to do, and their motations. The third ragrement uses thgiven-when-therformat
(seeAgile Alliancefor more inbrmation), whid incomporates conté. This brmat is commory used to
write user ®ry acceptance teria: a set of @tements that, whenui, indicate that the useios/ has

been completed.

A more formal way to write functional r equir ementsis theuse caséormat, whid follows a template.
Figure 3.2 contains agxample use case using a sjpie tenplate.
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Figure 3.2Simple Use Case
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User sories are a methof specifying functional ragrements. The descibe a small piece of the
softwared functionality in a simple and eaBy-read sentence. Thare witten in plain English so that
nontednical people (e.g., users, clients, othakeholders) can unddesnd them.

( $Il!ll# !(l! (&! # $Il #II ! #
*M L@ . %+ M L*&+ + +M L

User sories can be witen on 3 U 5 inde cards and thertiek on a vall or whiteboard. Thecan also
be typed into task and project maeagent sgems (e.g., Jira, Asana, and the)ikigure 3.3 pruides a
few examples of usertaries within the contd of a project (thg have piiorities and other project-related
information attabed to them).
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Figure 3.3User Sory Functional Requirement Examples

Want more ramples of usensries? Mountain Goat Softwe preides200 exkample usertsries [PDF]
(Cohn,2004. They list only the @s a . . O parof the usert®ry recuirement.

Anyone on the teamNor gnproject sakeholderNmight come up with usetasies. Once the usetosies

are initialy deyned, the can be used taat a comwersation with the client and others on the team.
Clients can guidegu on setting porities for user ®ries. This cowersation is also a good time tetg
more details about the us¢oses, whid should be added to the card.

# ' " ( $u!||# | u/ u&,++ + * + &0 -++) F O H
+*) +&)0G

What males a good uset®y? Besides theharacteistics of good regirements liged ealier in this
chapter theINVESTacrorym (Wake, 2003 can help gu rememberltaracteistics of good usertsries:
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¥ (1) Independent Does not hee unnecessgrdependencies overlap with other usertaries.

u Two user ®ries that eedap:
Q\s a nev user | want to regiter so that . O
@Q\s a nev user | want to regiter using g Google account so that Q .

U Set of usertsries that do®overap (but some usetaies need to be completed bef oth

ersNthat® ok):

(\s a nev user | want to viev the regitration pag so that . O
@Q\s a nev user | want to regiter using Bcebook so that .O.
Q\s a nev user | want to regiter using Google so that O .

@Q\s a nev user | want ny regidration details to betsred so that . O

¥ (N) Negdiable: Encourags insead of discourags discussion and @s deelopers Uribility .

U Does not encouragdiscussion:A3 a loggd in userl want to Gioose either bldcor white so
that..O

U Encourags discussionA9 a loggd in userl want to tioose from multiple colors so that . .
0
¥ (V) Valuable: Fulylls a user need.

U Does not fulyll a user needA®an Enteprise userl want to vatd a little race car dve
around the screen so that | can do something fun whileegawy API end point©

U Fulylls a user need:A8 an Enteprise userl want to impot my API end point regegs so
that ny recueds tale less time and are less tedi@us.
¥ (E) Estimable: Can be gien a time dsnate.

U Dipcult to give a time eimate: @s a nev user | want enough encourament to regier so
that 101l regter.O

U Easier to émate: @s a nev user | want to compare plan jging so that | can decide wihic
plan to ©i0osed

¥ (S)Small: Can yt into a single delopment peod (e.g., a tw-week Spint)
U Probaby too lage for a Spint: @\s a userl want to plg chess on m phone so that | lve
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something to do while aiting at the phamacyO

U Smaller: @s a userl want to mee my pawn so that | can takny tum in chesO

¥ (T) Tesible: Possible to detenine i3 done.

U Dipcult to determine whether ® done: 85 a guesuser | want to be satisyed with yrexpe-
rience so that | will want to sign u®

U Less dipcult: @s a guesuser | want to ty out the Al t&t generator without regisring yrst
so that | can decide whether to sulized

There is somewverdap betveen INVES and the gneral baracteistics of good regirements mentioned
above (whidh is combrting), but you might ynd that INVES is easier to remember

How do you knav when a usertsry is done? This is negotiated with the client and added to the user
story as acceptanceitgria. Acceptance deria sy what mus be tue about the functionality speciyed

by the usert®ry for the usertsry to be considered done (i.e.tadishing theDeynition of Donefor the

user $ory). Hgure 3.4 adds a DoD to one of the uderies from kgure 3.3. The DoD is composed of
acceptance deria following the gien-when-thendrmat.
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Figure 3.4User Sory with Depnitions of Done Example
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Once eals of the acceptanceit#ria are conymed to be done, the us¢ory can be considered ODONE-
done®

Ideally, teding the acceptanceitgria can be automatedigtre 3.5 proides &amplepseudocodéor
teging an acceptanceitzrion.

1 def test_go_to_time():

2 # given

3 assert os.isWindows(), "Not Windows!"
4 player. open ()

5 player.play_video( ‘test.mkv' )

6

7

8

9

# when
user.send_keyboard_shortcut( "Ctrl-T" )

10 # then
11 assert player.screen.is_showing(GOTOTIME)

Figure 3.5Pseudocodeoft Teding an Example éceggance Crierion

&;- )i

Use cases are a momrhal method of specifying functional neigements. Thgare sructured desap-
tions of what a sgem is regired to do when a user interactgyufe 3.2 shaved a simple use caseaen
ple, and additionab@mples can beotind in theDigital.gov Usability Sarter Kit PDF about use cases
and persona@JS General Seices Adminidration,2014).

As use cases are less common giléy the remainder of this section will prde ony a summay of
how use cases arérsctured.

Required Parts of a Use Case

Every use case has thallbwing.

¥ Name A shot title for the use case that oftetarss with a erb (e.g., O8edule veekly wellness
chekO). The name iely dates the user objecéithe use case will degoe.

¥ Actor(s): The user or users (human/nonhuman/computer) that are interacting with treeesoftw
(e.g., OMedicaltayO).

¥ Flow of events Seqience of actions desbing the interaction beteen the actor and the soéive
(a.k.a. Obasic course of actionO or Osuccess@0ognar
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Sometimes, the actor is implied through theviaf events (e.g., OShopper selects the calendar iconO).
Other times, the actor isased separatgfrom the tiov of events (e.g.,Axtor: ShopperO).

Additional Parts of a Use Case

The Dllowing are sometimes included in use cases.

¥ |dentiyer: A unique way of referring to the use case (e.g., UC-002).

¥ Preconditions What musbe tue bebre the tiv (e.g., The shopper has added at te@se prod
uct to their shopping ct).

¥ Postconditions What musbe tuue after the iw (e.g., @he shopper recedd an order conyna
tion emailO).

¥ Business elevance Jugiycation for why the use casexists.

¥ DependenciesOther use cases the use case relies on. Theeuiigntiyer is handyof this pat.
¥ Extensions Contingencies, alterate routes, and brames to other use cases.

¥ Priorities: The impotance of the use case.

¥ Nonfunctional requirements How well the softvare musperform duiing the tav.

#-9=1. -5-6<; $8-+1G+)<176

The process of viting down requirements is calledequirements speciycatiotdsed as a noun, reige-
ments speciycation refs to the document that contains theunesments. That document gnalso be a
software regirements speciycation (SRSJhe besway to lean about SRSs is to look at some.

%&+ )+0" & *&+ . ) &,$ %+@ . **&E +$ * &%, .+ % @* *&+ ) *%
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&+%&-)#' + . %+ *+ . &&,$ %+*B

Freel available SRS &amples(including somedr open source sofawe):

¥ SRS br apps and a data repositdor didributing manuéctuting data [PDF[Hedbeg et al.,
2017).

¥ SRS br data sgtem that assesses consgiion practices [PDRICEAP, 2006).
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¥ SRS or an app that splits and nyes PDFs [PDF{Spyridonos,2010.
SRS or software that processes electroencephalply data [PDF OpenVIBE,2018.

¥ SRS br library software [PDF](Eaker, 2006).

If any links are brokn, ty theWaybadk Madine.
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There are tw main types of softare regirements: functional and nonfunctional.

A functional regiirement is Oa degution of a beheior that a sgem will exhibit under speciyc condi
tionsO (Megers & Beatty 2013, p. 599). There are diyereatrhats br writing functional regirements
sud as the gign-when-thendrmat, user tories, and use cases. Usaries are used in dile software
development. The gen-when-thendrmat is useddr writing user fory acceptance teria. A set of
acceptance geria is used to detarine whether a uset®y has been completed (Deynition of Done).

A nonfunctional regirement is Oa degation of a propely or characteistic that a sgem mus exhibit
or a consaint that it musrespectO (Wgers & Beatty 2013, p. 600). Quality aibutes are wrds br
descibing Oa seice or peformance baracteistic of softnareO (Wegers & Beatty 2013, p. 601).

There aretandardsdr what maks a good ragrement, suig as being coect, unambiguous, complete,
consisent, ranked br impottance and/ortability, veriyable, modiyable, and traceable. INVES$ an
acrorym for remembeng fandardsdr good usertsries: independent, negotiablalvable, esmable,
small, and tesble.

An SRS can contain both nonfunctional and functionalireqents.
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After a discussion of diagms in g@neral, this lsapter coers two common Wiyed Modeling Languag
(UML) diagram typesclass diagamsandseaience diagams

7? 1) )5 -48

Diagrams can help in at leasvo mgor ways:

1. They canhelp you plan software you will create. Oncegu®e created diagms or planning pur
software, yu can use them to communicate to thestipment team what will/should be imple
mented and decidevV@uate) whethergur plans are angood (e.g., are cleaare logical, retiect
your projec® desired gality attibutes, and so on).

2. They canhelp you describe softvare youde already created. Ibyr softvare is already created,
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diagams are goodf documentation and, as mentionedvehdor evaluating hav satisactory
your software is. The pyose of including diagms in documentation is to communicate some
thing about gur software to somebodyhere are mandiyerent audiencesoy could be tying to
communicate with.

Example audience®f your diagams include other &elopers on the projectpyr supevisor or man
acer, developers who might be intettesl in joining the team, delopers who ant to integate with yur
system, curous end users, antuglents of softare engineeng. Depending on thmtegated deelop-
ment erironment (IDEjJtools you®e using, diagams can be automaticaljenerated from qur code,
which helps ma& documentation maintenance easier and maely li& happen.

0< 1) )5 =< 7' -44

To be helpful, diagams mus communicateclearly and at anappropriate level of deail for your
intended audience. Ifoyr intended audience does not unterd yur diagamNor misundersands
itNy our diagam hasdiled.

0)< ; &

Uniyed Modeling Languag is a &mily of graphical notationsoir descibing and designing softave

through diagams. It is especigllapplicable to object-eented softvare, but some pes of UML are
applicable to mantypes of softwre. Diyerent UML notations are useat fliyerent types of UML dia
grams, eale of which has a speciyc ppose. UML vas yrs published in 1994, becametarsdard of the
Object Managment Group (OMG) in 1997, and became an I@&@dard in 2005. UML is cuently on

version 2.

'0A &;- &

There are multipldeneytsof creating diagams using UML.:

¥ UML gives yu (1)notation for designingsoftware so thatqur implementation will betsuc-
tured and (2potation for describing the eisting design of softare so thatqu can galuate
whether the design is ygood.

¥ UML diagrammingforces yu to think about softvare design in atsictured vay. When people
try to design softare in their minds, tlyecan be sloppabout itNthinking about the aspects of
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the design thewant to think about. UML can encouragpu to face the fickier pats of softvare
design.

¥ UML diagramming gies You a viav of the softvare atdiyer ent levels of design(e.g., class e,
component leel, pakage level).

¥ UML provides acommon langua@ between softvare proéssionals. Because UML isW
known, it gives deelopers and manags a vey to communicate in detail about soéine. That
being said, xpect to encounteraviations in hev UML notation is usedNit can be dipcult to
remember UML notation; delopers will mak migakes or adapt the notation to thewroway of
thinking. It can help to prade a legnd or &planation of what gur notation means.

¥ UML diagrams gie you a vay to tell people aboutour softvare gructurewithout asking them
to look through code This is nice,dr example, when onboarding welevelopers or communi
cating with managys.

1 .
OA % &;- &
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There are somdrawbacks to UML diagrcamming:

¥ People tend twary their UML no tation, which can causeonfusion Some tipsdr avoiding that
problem include (1) é&eping wur notation basic and (2x@aining more complenotation.

¥ Getting UML notation ight can take a |d of time. Remember that diagms aredr communicat
ing. If creating the diagm tales lon@r than &plaining the code a diyerentay the diagam ist®
helping.

¥ UML diagramscan requir e a ld of maintenance If your software designltangs fregientl, so
mug your UML diagams if you want them to be accurateorfunatey, some IDEs canamerate
some UML diagams from pur code.
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A class diagam desdbes a sstem® classes and théasic relationships thatxest among them. Class
diagams also she propeties and operations of a class. Praigsrrepresent therscture of a class
(e.g., intance ariables) and operations represent the functionalityipea ty the class (e.g., methods;
Fowler, 2004).

Figure 4.1 shars an @ample class diagm. In the diagam, there are relationships betm three classes:
Cugomer Order and SharedOrdeAn Order has one CusnerNbut the same Ciismer can be on
multiple Orders. A SharedOrder is a type of Order that cae maltiple Cukomers. The classesvea
attributes (e.g., id) and operations (e.@tld()).

Figur e 4 .1Simple Class Diagr am

The net section gplains eab of the notational elements sioin the @ample.

& 4);; ) )5 7<)<176

This section contains some of the to@mmon UML class diagm notation.

Figur e 4.2 Not e
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Note. Notes aredr placing comments on class diags.

Figur e 4 .3 Class
Note. Attributes are propées that are lied within a class boand the operations are methods. The +

indicates a public method, b isvate, and # is protected. The notation includegbate types (e.qg., int,
Token, etc.), method parameters and retypes, and dafilt values or attibutes.

Figur e 4 .4 Association

Note. Association means that a class containsexeate to an object(s) of the other class indihm Df
a propety. In this éample, ve are®told whether Class1 refences Class?2 or vicerga.

Figur e 4.5 Unidir ection al A ssociation

Note. The arow indicates that Clasdias aClass?2.
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Figur e 4 .6 Unidir ection al A ssociation with P roper ty
Nam e

Note. Classl has a proggmamed in&ncel. It is an inance of Class2.

Figur e 4.7 Unidir ection al A ssociation with P roper ty
Nam e an d Target Mul tiplicit y

Note. Classl has a proggmamed inncel containing zero or onetasces of Class2.

Figur e 4.8 Unidir ection al A ssociation with P roper ty
Nam e, Tar get Mul tiplicit y, and Sour ce Mul tiplicit y

Note. Zero or more ingnces of Classl i@ propeties named irtancel containing zero or onetasce
of Class2.

Figur e 4.9 Bidir ection al A ssociation an d Tar get/Sour ce
Mul tiplicit y

Note. Classl has zero or more tasces of Class2. Class2 haaatly one insance of Class1.
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Figur e 4 .10 Inh eritan ce

Note. Class2 is a subclass of Classl; Class?Classl.
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These PDFs contain class diagns or actual softwre.

¥ EwloPy An open-soure natue-inspired ogimization fameverk in Pyton (Faris et al.,2016.

Processing: A Pyion frameverk for the seamless ietration of geopiocessingdols in QGIS
(Graser & Olga, 2015.

¥ Jawa-based gaphical user intrface br MRUI, a sofware pa&age for quantitation of in vie/med
ical magnéic resonance speascopy signalgNaressi et al2001).

¥ RepoMiner A langua@-agnosic Python frameverk to mine sdivare reposibries br deect pe-
diction [PDF] (Palma et al.2021).

¥ pyfo056: FAO-56 ewapdranspimtion in Python[PDF] (Thorp, 2022).

If any links are brokn, tiy the Waybadk Madhine.
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A sequence diagpm desabes interactions be®en objects. Usugllthe diagam shavs a single use case
or scenap. Seqience diatgams are a type afteraction diagamand are not as goodrfshaving object
implementation details.

This section praides an gample segence diathm and commowglused segence diatgam notation. Br
more detailed irdrmation, see éwler (2004).

In Fgure 4.10, thexample segence diatam represents interactions beem ingances of the Manag
Employee, and Order classes. Maaa@sks the Empjee br a satus update, Empjee complies,
Employee creates an Orddanagr asks Emplgee to close the shop, Empée closes the Order

In the kample, the columns (callgzhtticipantg are objects, but this is not ays the case.df example,

a paticipant can be a usddsers, if thg are human, are sometimes representeticksygures (without

the ba). Another possible non-object piarpant could be a database (although in some cases,-a data
base is considered an object). Wlahos important when creating diaams is notdllowing the ules

or corventions but communicating wittoyr audience.

Figur e 4 .11Simple Sequen ce Diagr am
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Figur e 4 .12 Par ticipant

Note. The OcolumnsO of a seqce diagpm are edt paticipants. Rrticipants are often objects. The
name of the paicipant goes in the xo

Figur e 4 .13 Lifelin e

Note. Vertical dashed line represents the képan of the pacipant. Top is beginning of I#, and bottom
is the end. L& ends when the paripant is deleted.
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Figur e 4 .14 Message

Note. Interaction from one p#cipant to another is skm by the solid line with aiow. Often a method
call.

Figur e 4 .15Activ ation Bar

Note. Box on lifeline indicates when the gimipant is actie. Indicates method is on cathek.
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Figur e 4 .16 Retur n

Note. Dashed line with aow indicates method retnr Use on} when it helps communicate something
important about the interaction.

Figur e 4 .17 Self-Call

Note. Method calling self. Solid line with esw points bak to paticipan® avn lifeline.
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Figur e 4 .18 Deletion

Note. End of paticipang3 life. Indicated ¥ an X on the liéline.
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These PDFs contain sgence diagams br actual softare.

¥ Py4JEML: A Python wiapper br using he IEEE & 1855-2016Hrough JEFML[PDF] (Alcalt-
Fdez et al.2019.

¥ COFFEENAN MPI-parllelized Pyhon pakage r the numerical estution of diyeential eaia-
tions(Doulis et al.2019.

¥ TedoolNA probabiligic trajectory analsis bol (Eetand et al.2017).

¥ GEMS: A Pytion library for autbmation of multidisciplinay design opmization pocess gneg-
tion [PDF] (Gallard et al.2018.

If any links are brokn, ty the Waybadk Madine

$=55):. A

UML diagrams can be helpfubf communicating he your code wrks. Class diagims and secgence
diagams are t@ commory used types of UML diagms. Eak type of diagam emphasizes some
part of the code design while kiag out other pas. UML diagams are dr communicating with
humansNnot computers.
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https://hal.science/hal-02335530/file/DTIS19188.1570026732_preprint.pdf
https://hal.science/hal-02335530/file/DTIS19188.1570026732_preprint.pdf
https://web.archive.org/

#-. -1 -6+-;

Alcalt-Fdez, J., Alonso, J. M., Geddlo, C., MencarC., & Soto-Hidalgo, J. M. (2019, Juny4JFML.:
A Pyhon wiapper br using he IEEE & 1855-2016 ltrough JFML Paper presented at the 2019
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Fars, H., Aljarah, I., Mifalili, S., Catillo, P. A., & Guev—s, J. J. M. (2016). &@oPy. An open-source
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High-level arditectureis the softvare3 all-encompassing code design. When desdrwith a diagam,
a high-lerel ardhitecture usuayl looks like a Bw to dozens of interconnected shapes with tskadels,
an abgaction that usuaflrepresents the entire codebase. In thapter welll use OdnitectureO inter
changeaby with Ohigh-leel arditectureO (in other comts, software arbitecturecan reér to code
design at laver levels).

In this dapter | won® be covering every high-level architecture. Ingead, 10l concentrate orotis-
tinct high-level arditecturesmonolithandmicrosevices Talking about the ays they®@e diyerent will
lead us through concepts applicable to higiellarditecture in gneral.
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Monolith software is one interconnected codebase¢haha easily be dividedinto multiple indepen
dent components thaim separatgland are individuayl useful.
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If you®e trying to think of an gample of a monolith and nothing is coming to mind, @atobaby}
because this anitecture is so common that it carisarwithout haing to plan. Yur yre¢ computer pre
gram was probalyl a small monolith. If gu keep adding more codelyles/classes/components, the soft
ware becomes a biggmonolithNunless pu dang the arhitecture.
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Microsewices areseparate applications ead of which runs in aseparate piocessand could bendi-
vidually useful This section desitres core kbaracteistics of softvare that uses the microsere arti-
tecture. The subheadings are roared from Levis & Fowler (2014. Martin Fowler@ Microsevices
Guide(Fowler, 2019 provides additional discussion.
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The communication pipevithin a microsevice arditecture issimple, and the sefices themseks tale
care of translating and otlveise processing messeg for example, microsesices commoryl commu
nicate through a RESAPI, which allons these kinds of messsy GETPOS (create), PUT (update),
or DELETE. The contents of the messagan be comptebut i@ the job of the seices to deal with
that.
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In a microsevice arditecture,components ae services The Lavis and Bwler (2014 deynition of a
components Oa unit of softare that is independentieplaceable and upadeabled Asewice provides
functionality while unning in its vn process. A monolith typicgllhas code with tightouplingand
components thaun in the same process.
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Advantages of splitting conponents into services:

¥ Independence Ead individual sevice can be updated, ted, launbed, and tepped without
requiring the same from other components of the saréwin contras with some monolithic soft
ware, all tess mus be un eab time a deeloper commits to ahang, which can mak for a long
wait. If a sevice fails, aty software depending on it will be without that giee, but the reasof the
software need®be ayected.

¥ Standardized conponent communication Sewice communication pipes can be simple and the
same edttime. This can makfor less thinking,dwer migakes, and less violation ehcapsula
tion when connecting tarcomponentsNjususe the pipe.

Disadvantages of splitting conponents into services:

¥ Mor e &pensive communication Components in a monolith can communicate via direct calls
(fad, lightweight); in contras microsevicesoften communicate @er a néwork. Microsewrice
requeds typicaly need to include regpd metadata, and because the pipes are OOumdponses
might contain gtra data (shaer, heaier).

¥ Potentially less secue communication Communication eer a netwrk can be more prone to
interception and alteration.
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You ma have heard of thelient-sever architecture, in whib multiple insances of client-side softwe
communicate with sgerside softvare, whity communicates with a database. Thahiaecture is oga-
nized around témology Another vay to put that: someone wrhiliar with the diyerences beegn
client-side softare, sever-side softvare, and a databasewd not gt mud out of seeing a diagm of
this arditecture.

In contrag microsevices are aganized around business capabilities. Thisithas multiple deynitions.
Michell®@ (2011) integated deynition of dusiness capabilityts what we®e talking about: Othe poten
tial of a business resource (apgps of resources) to produce touser \alue ly acting on their enron-
ment via a process using other tangible and intangible resddrces.



Examples of business capabilities:

¥ The manudcturer can slice a 2@4dt by 40-foot rectangle of wheat dough into 0.5-dmips in 1.2
seconds, whit will later become p&aged noodles someone can boy lund in a gocery sore.

¥ A loan opcer can lead a ct@mer through the process of sangra loan, enabling the dosner to
start a small business.

¥ A pet food digributor can reguldy ship nutitionally balanced cabbd to $ores around the coun
try.

¥ The softvare can maka video yle compatible with mobiledees.

One implication of beingocused on business capabilities is thahemnicrosevice can hee its avn tech
stak (including its avn database).
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In a microsevice arditecture ead servicetypically has its avn databaseinstead of shang a central
ized database. This is paf decoupling the softar€d components, whicthas may beneyts including
failure conminment. A disadwantag is that if tvo microsevices need to share data, the teopies of
that data can become inconei# (e.g., because one database hasehoegeied the update). Microser
vice databases are said todaventual constency, which means that, with time, damicrosevice will
have the mosup-to-date irdrmation, but meamhile, there could be a mismat¢perhaps one that will
anng or mislead human users).
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Microsewices need oglbe compatible at their interces (communication pipe), \eag texibility in
how ead is implemented For example, ede sewrice can be wtten in a diyerent languag reducing
the weight of teth dack decisions and decreasing the need to compromise on those decigiozest F
sewvice, teams canhoose the optimal progmming languag, framevork, arditecture, and more. The
tedhnologies of edatmicrosevice can be independeptthangd. Conersey, in a monolith, teams might
only need to maintain a small set ofhigologies (e.g., if the@ ony one frameork, only one frame
work will need updates italled) and might not need as broad xpatise (e.g., hng working knawl-
edee of ywe progamming languags). Also, when code is more or lesstpErthe same codebase, it
might be easier to maintain the sartendards across the code.
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When sevices un in diyerent processes on diyerent imiaes and wre createdybdiyerent teams using
diyerent tetinologies andtandards, thatan diange hov developers think. Ingead of leeping the
whole ship atioat, thinking can shiftntard sevice-speciycmonitoring, logging, and design decisions
aboutwhat to do when a servicedilsNincluding what to tell the userin contrag with a monolith,
more thought might be put intowdo revert quickly if a deplyment &ils (becauseailure might mean
no pat of the monolith wrks). Monoliths can also be designed filure, but tha® not as natural a
tendency as with microsaces.
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This section recaps and&pands upon diyerences bet@n monolith and microsace arditectures
(Fowler, 2015 Lewis & Fowler, 2014).
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In a monolith, communication (e.g., bet®@n classes and components) can happen inways, includ

ing through direct calls andrer a netwrk. With microsevices, communication typicgllhappens er

a netvork sut as through HTTP regds/responses, through Oduthiandardized communication
pipes. While microseices communication pipes are less complleat means the end points need to be
smater. Also, communicationwer a netwrk can be less reliable and less secure.
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Monolithic software often needs to be deygd all at once. Microseices can be independgnteplged
and can potentiallbe $opped without ®pping connected saces.
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If your monolithic softare needs more resources to be able to suppermud it@ being used, it can
be copied onto multiple mames. Ealb madine mus haze enough space, memypprocessing speed,
and the lile to suppdrthe entire monolith.



If your microsevices softvare needs more resourcesyhae more options. & example, the seices
that are used more can be replicated more times.
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In microsevice software, eals serice can be independeptleged. In a monolith, the ay you tes is
inluenced  dependencies within the code, whioould reals broady across the softare (and madk
for slav tegs).
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Ead microsevice can be wtten in a diyerent languag(e.g., one in Python, another ivalaanother
in C++, etc.) and carun in diyerent contes (e.g., maaines with diyerent operating sgms, libraies,
versions of libraes, and so on). In thegrthis means thecan be independeptupgaded.

With a monolith, upgading ma require more care. Eaccomponent muse compatible with the ne
context (but this is also sometimesui& with microserices).
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Monolithic software might hee jug one database, potentiak \ery large one. This can create a bot
tlened if multiple pats of the softwre need to access the database in parallel and canfonaskov
database b&ops/retores, among other drbads. If you ony have one database, Wever, that3 jus
one placedr managing database access accounts and one database to makigpivbsare/etcetera.
In contrag eat microsevice typically has its wn data ®rage.
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Monolith and microsesice arditectures hee diyerent adantags and disadantags. In a microseice
arditecture, edt sewice is its avn application and can be independgmtianagd. Communication
medanisms beteen modules can beasdardized. In a monolith, wever, the codebase can be
deplored all at once and components can communicate diredtich can be more reliable, lesgpen
sive, and preide better consiency than communicating be#en multiple applicationsser a netwrk.
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The Oregon fate Lhiversity (OSU)Center br Applied Sygtems and Softere (ASS)is a nomroyt

that gives sudents real-arld software deelopment gperience through its ark with clients suls as the
Oregon Depdment of Tanspotation (ODOT).

CASS and ODOT decided to ot ODOT® gatavide computerided dispatt software, Fanspota-
tion Operation Center Sem (TOCS), from a monolith to micros@es. TOCS helps dispdiers share
road emegency inbrmation with responders and the public. The pAiTOCS that @SS garted with
was the outdated home screen.

From a user perspeotiythe main problem with the TOCS home screas wiibility . Dispatder cen
ters in diyerent pas of Oregon had diyerent needs (e.g., some centers dealt with more icy roads, others
withs more énderbenders) but had to use the same home screer) wadudd not be easilconygured.

From a deeloper perspecte; the monolith had multiple terological dravbads that made it dipcult
to respond to TOCS us@seeds:

¥ It wasdipcult to k eep softvare conponents decoupledespeciail since man diyerent deel-
opers vorked on the softare. Thg were building ugednical debtwhich meant that deslopers
might need todcus on cleang that debt ingad of implementing ne TOCS €atures.

¥ CASScould only deploy TOCS a w times a year because the softwe had to be teed and
deplgred in its entirety (a long process) and &snessentiabf the softvare to remaintable, espe
cially during times of yar with more wather and road hazards. This meant dispegaters had
to wait a long timedr nav features (e.g., individualized home screens).

¥ There vas a lot obressue on the daabasebecause the TOCS sotive at all the dispdtccen
ters was transacting with the same database and causiiogpance issues.

¥ Tednology choices vere limited because\ery patt of the softvare had to be compatible with
the .NET Framwork. Even worse, theitechnology stack was becoming depecatedbecause
Microsoft gopped releasing updates to the .NET Fraaork after \ersion 4.8. @SS dose the
microsewice arditecture as a solution to all these problems.

Figure 5.1 depicts the nearditecture of the TOCS homepggvhid integates with the monolith. The
WinGui Gatevay application is responsibleif prepaing data from the seices so it can be use¢ b
the New Home Screen Ul. It uses the .NETté&d, which gives deelopers access to modefeatures.

The Messag Broler (Apadie ActiveMQ) application talks to the seces and the Ganey. Because the
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Messag Broler uses atandard protocol, AMQHt would be éasible to bang the Messag Broler
tednology in the future. E&icsewice is also a separate application and haswis database. £SS
found that one adwntag of a dedicated databasasathat thg could uselSONfor the Proyle Sefice,
which was more appropte than the relational database used within the monolith.

Figur e 5.1Micr oser vice Archit ectur e of ODO T® TOCS
Hom e Screen

For more inbrmation about this project, seerf (2022 for a video that desitres it in detail.
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Chapter 6
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User inteface (Ul)design often imolves prototyping: iteratey creating depictions of whabw think
the Ul should look lik, and hw users should interact with it, based on the sar@recuirements Pro
totyping gives yu a vay to try out a Ul design and ynd problemslgaChanging a draing (digital or
physical) is often easier andder than banging its code implementation.

There are multiple ielsNor OydelitiesONof Ul design prototypesvigdelity, medium ydelity and
high ydelity). If you look around, guOll ynd disagement on the deynitions (@ter, 2011). | use the
following deynitions:

¥ Low ydelity (Figure 6.1): Arough sletch that is often dnan by hand, drevn using an app and
stylus, or made using softwe speciycajyl for creating lav-ydelity prototypes. Athis ydelity, you
cangather feedba& on higher-level featuresand hae thelexibility to male lage, lov-cod
changes.

)&% Pi=


https://open.oregonstate.education/app/uploads/sites/174/2023/09/CoverChapter07.png
https://open.oregonstate.education/app/uploads/sites/174/2023/09/CoverChapter07.png

Figur e 6.1Low-Fidelit y Prototype E xample

¥ Medium ydelity (Figure 6.2): Adetailed illustration often created using a pee$ional draing or
presentation tool (e.g.,iso, PowerPRoint, and the lik), or perhaps a careful and detailed hand
drawing. At this ydelity, to keep cots low, you cangather feedba& on small changesto deyned
and acceptecehtures thatgu plan to kep but mightltang the look of.

Figur e 6.2 Medium-F idelit y Prototype E xample
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¥ High ydelity (Figure 6.3): Apolished detailed illugration that looks lik a ynished Ul. These
designs might be created in a fuéatured gaphics editor (sutas Photoshop, llltstor, etc.) or a
GUI builder At this ydelity, to keep cots low, you cangather feedbad about detailed tweaksto
speciyc atures to makfocused and incremental impemments.

Figur e 6.3 High-F idelit y
Prototype E xample

A quick and lav-cod way to begin prototyping (and begietying edbak on your Ul design) is to cre
ate a lov-ydelity paper prototype

A paper prototype is a hand-dna sketch of a Ul design th@ based on the sofangd reaqiirements.
It doesrd need to be petty or atistic. It can be simple and reduce the Ul toyothle mosimportant
elements (i.e., it is oftenvoydelity).
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A paper prototyp@eedrbe sttic or limited to one sheet of pap#Vith some craftiness and creativity
paper prototypes can communicate elemenistefaction desigiby indicating what users can interact
with (e.g., a slider), hw they can interact (e.g.ytdragging), and what happens wherytimeeract (e.g.,
an o/eflay appears, slwang the elgations of eas mountain in the photo).oTshav interaction design
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through a paper prototypegly can, br ekample, cut out small paper shapes gan easyl move around
(e.g., a small rectangle shimg the submenu items that appear when a usésgliplace aows and
annotations ongur prototype, andven add sings to shw how Ul elements mamove. I@e even seen
people use brass brads pinnable elements. Buedp in mind that if gur client does® like your
design, wu might hae saed time and communicate@dyr concept jusas vell with a less elaborate
paper prototype.

$07?16/ ( 7=: 76+-8<<7 <0-;

Once pu hae a paper prototypepy canuse it to hanest eedbadk. Herd3 one vay: if eadh of your
screen designs is on one piece of pagiee your user the engrscreen dnaing, then either g them a
task (e.g., submit data reppor let them gplore on their wn. Watch as thg tap buttons or otheise
interact. Be ready touickly swap in other dnaings to respond to their interactions (e.q., ifyttegp the
gear icon, gie them a sitch of the settings screen). Iby®e fag and broughtdra supplies, gu can
congruct nav designs on the Uy or (if th@e intereted) let yur user pdicipate.

You can ask qur user to prade feedbak about the design after §@e done using it or as thejo,
using athink-aloud protocal Ask your user to tell gu what thg®e doing, what thgbe trying to do,
what qiegions thg have at that moment, what thdor®like, and so on.
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Paper prototyping can help reduce projectt€dy giving a way to detect user intéace design t@s
before thg are implemented. It can also help teams communicate about tharsoitwth eal other
clients, and users.
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Sryder, C. (2011)Paper piototyping: The &g and easy ay © design andapne user irfaces Morgan
Kaufmann.
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The Inclusivity Heuistics areguidelines br designing tetinology to work well for a diversity of

users Using the heustics to build inclusie tednology is a way to practiceinclusive designit is Oa
methodology . . . that enables andvekaon the full rang of human diersity Mog importantly, this

means including and le@ing from people with a raegf perspectesONlicrosoft).

The Inclusivity Heuistics, in their curent form, give advice ér hov to suppor yve cognitive facets
involved in hav people interact with témology br the yr¢$ time (Bumett et al.2016).

HH 2%+ &WN* & + +*) -H#HHE %% % ) )& + + #B B465GB

Attitude tavard sk (risk-averse to isk-tolerant).
Computer self-epcacylow to high).
Information processingyde (comprehense to selectig).

Leaming gyle (process-aented to mindful tinkring to tinkering).

a w0 NP

Motivations(taskmotivated to motiated ly tedh interes).
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A cognitive gyle is acognitive facet \alue For example, ny cognitive gyles are medium attitudeward
risk, high computer self-epcacggelectie information processingye, a highy variable leaning gyle,
and task motiation.

The Inclusivity Heuistics help softwre practitioners supptothe full rang of cognitie gyles br eat
cognitive facet.
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The Inclusivity Heuistics, also called the Cognig\3yle Heuistics or the GenderMag Hastics (Bur
nett et al.2021), were deeloped ly human-computer interaction resdaercs at Oregont&te Lhiversity
as par of theGenderMag ProjeciThe reseafktbehind the heistics is more than 40 publications about
gender diyerences in opeople use témology In the future, the heistics will potentially expand to
include reseatt about other dersity dimensions, sticsocioeconomic dersity (Hu et al.2021) and
ace diversity (Mcintosh et al2027).

Heuristics, sut as the Inclusivity Heistics and Nielse® Heuistics (Nielsen,1994), are meant to be
used within a usabilitynspection methoaalled heuiistic evaluation(Nielsen & Molich, 1990. In a
heuistic evaluation, multiple ealuators independegtchedk whether a tdmology designdilows the
heuistics. Thg malke note of ap issues and compare results. The output is a combined set of usability
issues.
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A unique daracteistic of the Inclusivity Heustics is thg are framed from the perspediof suppaing
threepersonasAbi, Pat, and Tm. A persona is a representation of a user aoamof users. Ai, Pat,
and Tim eah have diyerent cognitie gyles. Fgure 7.1 liss eab person@® cognitive gyles.
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Figur e 7.1Cognitiv e Styles of Abi, P at, and Tim

Note. The personas canVearty gender and picture.
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Ead of the eight heustics are lised and desdred belov, with examples.
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Abi and Rt hare a pragmatic approad¢owvard tetinology using it ony when necesswrfor their speciyc
tasks. The have limited spare time and pefto s$ick to familiar features, enabling them to maintain
focus on the task at handnlgss thg can cledy undersand hev cettain features will help them com
plete their tasks, tlyanight not use them.

Abi is risk-averse tavard tetinology Abi tends to woid features with unknen time cots and other
risks.

Similarly, Pat is also cautious about usinganéeatures, but open toying out atures to detarine
whether thgle relevant to completing their task.
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In contrag Tim is enthusiagc about disceering and &ploring new, cutting-edg features. Moreger,
Tim is willing to tale risks and my use €atures without por knonvledge of their cots or een their
exact functionality

Figure 7.2 preides an gample design that retiects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.2 Inclusivit y Heur istic #1 Design E xample

Note. The designs helpl#, Pat, and Tm decide whether tlyawvant to use theshtures. Ai and Rt seek
features that help them with their tasknTseekséatures that are inteteg).
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Abi and Rt preér to reduceisk by avoiding features that might reqe signiycant time and eyor

Tim is more open to takingsks and my be willing to irves additional time and eyointo using éa
tures, &en if they arerdirectly related to the cuent task.

Figure 7.3 preides an gample design that retiects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.3 Inclusivit y Heur istic #2 Design E xample

Note. Indicating that Ocor launerO is ragired helps Ai and Rt decide whether tigevant to proceed
or quit, and helps im undersand what other témical conyguration might be raged.
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Abi and Rt approals decision-makingyodiligently gatheing and thorouglyl reviewing relevant infor-
mation bebre acting.

Tim prefers to die right into the yrg option that catees their interésand pursue it. Thyewill backtrack
if necessay.

Figure 7.4 pregides an ample design that retiects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.4 Inclusivit y Heur istic #3 Design E xample

Note. The design allws users to access documentation, aeepkt open, while coding. This help®iA
and Rt fully undersand the syntax befe using it. Tm can tioose to close the documentation.
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Abi, who has laver computer self-epcacy and is moliskeaverse than im, tends tward self-blame and
will stop using urdmiliar features if problems ise. Abi prekrs to &oid potentialy wading time trying
to male untimiliar features rk.

Pat, with moderate témological self-epcacyadopts a diyerent apprdacWhen &ced with problems
while using urdmiliar features, & will attempt altemative methods to succeeakfa while. Being isk-
averse, hwever, Pat preérs to rey on familiar features, whic are more predictable in tes of epected
outcomes and time raged.

In contras, Tim has higher computer self-epcacy and is mas&-tolerant compared tolA. If problems
arise with unamiliar features, im tends to blame the tecology itself and mainved considerablexra
time eploring various workarounds towercome the problem.

Figure 7.5 preides an ample design that reliects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.5 Inclusivit y Heur istic #4 Design E xample

Note. The design update is minimakédping mosfeatures the same. This helplki And Rt detect the
familiar features with whic they@e combrtable, and helpsifh detect whib features thehave already
explored.
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Abi and R, being isk-averse, tend tovmid taking actions in témology that mg be dipcult to undo
or reverse. In contrasTim, who is Isk-tolerant, is willing to ta& actions in tdmology that might be
incorrect or regire reversal.

Figure 7.6 pruides an ample design that reliects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.6 Inclusivit y Heur istic #5 Design E xample

Note. The design alls users to undo or redo theirtlastion. This helps Bi and Rt feel assured that
using the functionality is saf and helpsiim badktrad in case thg make a misake.

-=1<1+ 7.
I: 7>1,-)6 @841+1<9¥0 <07=/0 <0- %):3

Abi, as a process-ented leamer, prekrs to approdctasks in a sfematic andtep-hy-step way.

Tim and Rt, havever, who are more inclined ward tinkering as their learing tyle, preér not to be
conyned ly grict and predetenined processes. Th¢hrive when thg have the freedom toxplore and
expefiment without rgid congraints.

Figure 7.7 pruides an ample design that reliects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.7 Inclusivit y Heur istic #6 Design E xample

Note. The design gigs users a cleahgice betwen three paths. Aractured process helpsbAfeel
combrtable. Rt and Tm can select OdasnO if thgd like to tinler.
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Abi, with lower computer self-epcacy compared ton tends tward self-blame when problemsse
in tedhnology As a result, Ai may sop using the tdtaltogether

Pat, with moderate self-epcacy in tewgology takes a diyerent approac When &ced with problems
while using tebnology Pat will attempt altemative methods to succeearfa perod.

In contrag, Tim, with higher computer self-epcacy tharbA tends to blame the tecology itself if a
problem aises. Ai will then explore numerous wrkarounds in order tovercome the issue.

Figure 7.8 pruides an ample design that reliects this hstic and hev Abi, Pat, and Tm might react
to it.
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Figur e 7.8 Inclusivit y Heur istic #7 Design E xample

Note. The design alle's users tolat with a person in case yhear®ynd their quegion on the lis This
helps Ai and Rit because tlyeknow they have a bakup plan. It also helpsim, who might vant to
repott the problem.
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Tim@® leaning gyle revolves around tindring, but at times i becomes @essiely engossed in tin
kering, leading to long disactions.

Pat, in contras embraces a leaing approak that irvolves actiely expelimenting with nev features.
Pat does so mindful] however, taking the time to retiect on degep talen duing the leaning process.

Figure 7.9 preides an gample design that retiects this hetic and hev Tim might react to it.

&*'&) + $K | (@ %) $+& -& | P +%") %@* * 0 % %
) #"B * H*$%SL S @ HH&* &) + +) *&) +&%& $&) +%+ %&)$+&%N@ %
Y $*+ 0 &* &%+  +* + % B

<6 PUW#*-+0 ) *+*


https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig08.08.png
https://open.oregonstate.education/app/uploads/sites/174/2023/09/Fig08.08.png

Figur e 7.9 Inclusivit y Heur istic #8
Design E xample

Note. The design helpsiih avoid making mitakes while tinlkering.
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The Inclusivity Heuistics are a set of eight softie usability heustics for evaluating and impnang
the usability of Uls across users with diyerent cogaittyles.

Explain (to Users) the Beneyts of Usingviland Exising Features

Explain (to Users) the Ctssof Using Nw and Exising Features

Let Users Gather as Mindnformation as ThgWant, and  More Than Thg Want
Keep RAmiliar Features Aailable

Make Undo/Redo and Badrading Available

Provide an Explicit Rth through the sk

Provide Ways to Ty Out Diyerent Approales

© N o 00k~ w0 NP

Encourag Tinkerers to Thker Mindfully
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Chapter 8
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Code smellsre indications that the code needs to begeetzedNa sign pur software is undegoing
code decg Your code might need attention dyde haing thoughts lile these:

¥ Ol would never show this codeduring an inteview.O

¥ OIOm going start over and revrite this code from scrated

¥ OEery time | look at this code, | ke tore-ygure-outwhat it doe
¥ Orhesecomments dor match the code. . O

¥ OWL is thiscode repeatedin three diyerent places?0

¥ Ol vant to switt out this component, bthatOll beak X, Y, and Z in this other place, and | dén
want to deal with thad
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Types of codes smellsa®ll cwer (including hav to yx them):

¥ Code smells abowtomments
¥ Code smells abotitinctions.

¥ General codesmells (e.g., about the code within functions).

0A ) -)*7=< 7,-$5-44,

Reasongo pg attention to and yx code smells:

¥ Smelly code can bearder for you and dhers to maintain because the code is uncléathen
code is hard to maintain, @dopers tend to @rk around it or re-create the same functionality
elsavhere.

¥ Smelly codeleads to smellier codeWhen yu let your code become digganized, yu are giving
yourself and others the messabat smejl code is acceptable. Dig@anized code also tends to
give us anxcuse to be lazy coders. fety deelopment gample: if youQe used CSS,ou my
have encountered fitrating situations where théyke you®e trying to appy is not vork-
ingNsomewhere in the code (e.g., other CSS, HTML, or J8)y wyle is being werridden.
Instead of traking dovn the competing code or man, you use the Olimp@antO propéy, which
forces thetyle to be applied. The codebase is a megwan so who cares?our future self.

¥ Smelly code builds up témical debt. If the code isosking, ther@ never a reason tohang it,
right? Wong. Eab time you wiite sloppy code, pu are conibuting to your projec tednical
debt. Mgbe it works nav, but as sloppsoftware gows, it will get more dipcult to deal with.
That can meangur compaw needing to hire more delopers to kep productivity up. Iriead,
productivity can go den because mothe old deelopers aretsuggling to teals the n&v develop-
ers, andeeryone is continuing to vite slopy code (Matin, 2009. Ultimately, the softvare mg
have to be redeeloped entirgl (which does®always sole the problem). Or the project coulf

( 7=: 7,-$<163;C 7?'0)<

If you can (e.g.,qur managr allows it), grongly considerefactoing. Refactoing is when pu improve
your code withoutltanging what the code doesf&toing is a vay to pa down tednical debt.

The remainder of thishapter is about code smells anavito clean them up. This is not axhausive
list. You can ynd more advice in the eefnces at the end of thieapter
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When ve yrg leamed to code, manof us did®write comments: swing problems and coding is fun;
no time br boiing comments! Then, vgot more xperience, farted coding with others, eve brmally
trained to code, or attempted to continue an old project, arsdwwhy comments are usefulNand then
some of us jumped to the othettreme: too maycomments. W eplained functions with paragphs
of prose, or een commented ehdine. I8 tedious, but @ the ight thing to do, ight? Uhfortunatey
(and brtunatey), too many comments can be as bad as none

)2%)+3:7. )  >16/ )BA 755-6<:
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¥ Commentget out of date quickly. If we update the code, then prot¢irzate on the comments,
what we leave can be misleading (to others and our futuneesgl Also, more comments mean
greater lilkelihood some will be ignored, giving us the smsltuation of some accurate and some
inaccurate comments. In that caseywiould we trug ary of the comments?

¥ Writing commentsdr draightiorward codecan distract from the important comments If the
code vas dipcult to wiite, is long, is unige, is comple, or has a Ogdta® comments can help
call attention to idiosyncrasies of the code.

¥ Writing lots of comments coulidicate the code needs to be sptiyed. Ideall, mog of the
code yu wiite will be self-&planatoy, so freqient comments are not needed.
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Below is a concisdist of common code smellabout comments and what to do about themv(te
refactor).

¥ Obsolede Comment(no longer desdbes the code). &nove or update.

1 # SMELLY

5 ThreeFish(512,data)

¥ Commented-Out Code(somebody thought tiy&l need that code ladsut the commented-out
block is naw getting out of date and in theay). Remove. If you®e feeling isk-averse, see a
badup or use aersion-control sstem.

&% %+ % &+ & &+ % &S *.+ '&&) **$+ &W*F B B@&KH# %o+ & #+ )@
&+ )* . H## % ) *+% . 008 &$$ %+ +&+ @+*) )&% % & .#HE &%+ %, -%
+ %% ) & @ % *& &%GB

1 # SMELLY
2 def updateWorldState():

4 updateTime() # might need later
5 updatePlayers()

6 updatePoints()

S

8 for p in players:

9 p.updateState()

¥ Redundant Comment(states what wuld already be immediateapparent to a pregmmer of
ary level). Remove. Less is more.

1 # SMELLY
2 getLength() # gets the length

¥ Long Comment(multiple sentences, complicated, goes into a lot of detail). Simplify the code to
malke it more self-gplanatoy; shoten or remge comment.

1 # SMELLY

3 This is the first function | made in this module, and it
takes the userOs Unicode text input, converts it to
ASCII, then that creates a visualization of a type -

<P & $ #H*



writer typing the input. Problem is, as you might
imagine, sometimes thereOs no good conversion to
ASCII, so some meaning is lost.
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A natural vay to code is totart writing a function and then, as the pram gts more complicated,
keep adding to it. & example, if your progam® GUI ony has a frt and a ®p button, the function
for populating the screen with Ul elementsyombeds to dra those two buttons. Then, wheroy add a
menu and a settings buttomuycould update the function to dréhose elements, toooM then add user
accounts and decide that function is a yne placbeddf the user is loged in, their lgel of inactivity,
shav a pop-up about cool nefeatures . . . andoyr function balloons. kdersanding the small details
of how the function wrks can een male one &el proudNuntil thecode becomes unmaimtinable and
bug-ridden.
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Follow theserefactoring suggestionsto increase code readabilitypaintainability and modulaty.

¥ Long Function (more than 10 lines or so). Break into multiple functions. Anmyfke lines or
fewer.

¥ Function with Many Jobs(doing more than what its name sedg, doing things that arén
closel related, doing manthings). Break into multiple functions.

1 # BEFORE

2 def updateGUI():

3 updateTime()

4 updateTimeDisplay()
5 updateScores()

6 updateScoreDisplay()
7 refreshWindow()
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9 #AFTER

10 def updateState() :
11 updateTime()
12 updateScores()
13

14 def updateGUI():

15 updateTimeDisplay()
16 updateScoreDisplay()
17 refreshWindow()

¥ Function with Many Parameters (more thandur, some samore than three). As appragite,
pass an object that combines the parameterse wadls within the function toeg the parameter
data, break into multiple functions, or ynd anothey wf reducing the number of parameters.

)& % +&%') $ +)** -% + +)+ %  &)A

1 # BEFORE

initOutdoorPlace(floraList, faunalList, temperature, wind
Speed, cloudiness, rockiness, birdNoises,
grassLength)

N

# AFTER
initOutdoorPlace(world1data)

IN

o

7,-

Codegets messy &st if you®e not pging attention. One reason is because yrafrus wererf trained

to be neat with code wherewrd leamed it. © write tidy code, yu ma have to freqently stop and

think about its design or bérgt with yourself aboutefactoring regularly. Ower time, yu might adopt
better habits.
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¥ Duplicate Code(same code in multiple places). Consolidate into one place,dtdt wut br cre
ating unwanted dependencies.

1 # BEFORE

2

3

11

12

13

14

17

18

19

20

21

22

23

24

25

26

27

28

def

updateLevelOfAlarm(npc):

if  (npc.isWalking() && npc.isAlive() &&
npc.isFriendly())

setLevelOfAlarm(0)
else

setLevelOfAlarm(500)

react(npc)

react(npc):

if  (npc.isWalking() && npc.isAlive() &&
npc.isFriendly())

keepWalking()
else
runAway()

# AFTER

def

def

def

react(npc):

if  (npc.isHarmless())
setLevelOfAlarm(0)
keepWalking()

else
setLevelOfAlarm(500)
runAway/()

setLevelOfAlarm(level):
alarmLevel = level

isHarmless(npc):

return  (npc.isWalking() && npc.isAlive() &&

npc.isFriendly())

¥ Long Lines (more than 100karacters or so). Shen ly breaking into multiple lines, cearting
to a function call, deyning mevariables, and so on.
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1 # BEFORE

2 if  (rectangle.coordinate[1][0] - rectangle.coordinate
[2][0] > 500 && rectangle.coordinate[2][1] - rectan -
gle.coordinate[3][1] > 500 && rectangle.isSquare()):

4 # AFTER
5 if  (rectangle.isSquare() && rectangle.width > 500):

¥ Inconsistent Corventions (formatting code diyerenglin diyerent places, or untigi). Follow
whatever gyle corventions the code is already using. @ i nev project, plan to be self-congisit
or follow accepted carentions br the languag you®e using.

% % +& %&+ )') QUK & @ +K *++ & &HH& ) & % *+ O# &% %+ &%* - %
08, ) ) %+. OB + ) & * O# **#&" 0 % % &%* “+%+@& - ) @&%* )
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1 # BEFORE

2 if  (whale.isSinging) {

3 activateAudioRecordingDevice();

4} else {

5 recording_device_off_confirmation_check();
6}

g if (starfish.blockingCamera)

9 {

10 AirCannon.Spray(camera.coordinates);
11 }

12

13 # AFTER

14 if  (Whale.isSinging) {

15 activateAudioRecordingDevice();

16 } else {

17 confirmRecordingDevice Off();

18 }

20 if (Starfish.isBlockingCamera) {
21 AirCannon.spray(Camera.coordinates);
22 '}

¥ Vague Naming (does not communicate what the functioaijable, etc. isdr). Rename it, een if
the name is long. Long names can sometimes replace comments.
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# BEFORE
a =100
b=2

# AFTER
retail_price = 100

~ o (6] » w N =

wholesale_multiplier = 2

$=55): A

Cleaning up gur code can help makour software sutinable andxensible and can makour team
mates happietoo.

¥ Obsolete comment?d/move or update.

¥ Commented-out code®Riove.

¥ Long comment? Simplifyshoten, or remue.
Long function (more than ~10 lines)? Split.
Function with mawg jobs? Split.

Function with mag parameters?d3s an object, makcalls to gt the parameter data, or split.

Long lines (more than ~10Garacters)? Shten, cowert to function, or deyne nevariables.

¥

¥

¥

¥ Duplicate code? Consolidate.

¥

¥ Inconsisent cowentions? Bllow existing corventions.
¥

Vague naming? &hame.

H#H-. -1 -6+-;

Fowler, M., & Bed, K. (2019).Refactoring: Improving the design of extiilg code Addison-\V\éslsy.
Martin, R. C. (2009)Clean code: A handbook ofjife Sofware craftsmanshipPrentice Hall.

Shwets, A. (n.d.)Refactoring and Design &terns https://refictoing.guiu/
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| hope yule nav better eqipped br your next software project.

The Reader Bec omin g Bet ter Equipped
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accepance criteria code smell

Statements about functionality that, when satisyed, meakspect of code indicating the code is of pooaldy (e.g.,
the functionality has been satisfoiily implemented. has detiments to readability and maintainability).

Agile

A software process model and philosggbr managing and cognitive face value -
developing softvare projects. 4ile values include individ A position on the speatm of a cognitie facet. Also called

uals and interactions,oking softvare, cutomer collabe @ Ocognitie dyle.O
ration, and responding thangp.

cognitive faceds

attitude toward risk Five aspects of users that ayecwihihey sole problems in
(Cognitive facet.) Hov willing a person is to takdances software: motnatlons_,, mbrmatlon_ proces;mgtyie, com
while using tebnology (isk-tolerant . lisk-averse). puter self-epcacyattitude tavard iisk, leaning gyle.
business capability cognitive stye

The capacity of a business resource or a combination OfP€rsoi8 preemed wey of processing (perceiving, g&
resources to enerate alue br cusomers ly leveraging Nizing and anaking) inrmation using cognitir med-
their evironment through a process thatdlves both tan ~ @Nisms andteuctures. Thg are assumed to be relagly
gible and intangible resourc&ouce Michell, V. (2011). Stable. Whils cognitie gyles can inGuence a perssn
A focused appro#cto business capabilityn Proceedings Pehaior, depending on task demands, other processing
of the First Interational Symposium on Business Modelingirategies mgat times be empjed D this is because yhe
and Sofivare Design 105D113. biversity of Read &€ ony prekrencesSouce Armstrong,_ SJ, é’ter,so_n,
ing. https://doi.0g/10.5220/0004459101050113 E.R., & Ryner S. G. (2012). bdersanding and deyning
cognitive dyle and leaning dyle: A Delphi gudy in the
context of educational psology Educational 8idies, 4
class diagrams 449-455 https://doi.0g/10.1080/03055698.2011.643110
In Uniyed Modeling Languagy (UML), a visualization of

how classes are built in relation to other classes in object- o )

oriented software. Includes propges and methods of indi ComMmunication pipe

vidual classes and Ohas a0 and Ois a0 relationshéps bebgdnology and/or approhaised ér sending and receiving
classes. messags between processes.

client-server architecture co_rrponent _ N
High-level arditecture baracteized ly one component Within a codebase, a unit of the code containing related
(the sever) responding to regds and preiding resources functionality Ideall, a component is both replaceable and
while other components (clients) et those resources.  feusable.

clients computer self-epcacy
One or more people or ganizations who are regging (Cognitive facet.) A persa8 conydence in their ability to
the softvare be made and Ve decision-making authioy ~ US€ tebnology (lav vs. medium s. high).

about the softare (e.g., because thare pging for it or

othemwise praviding resources). constraint

A redriction; what musbe done or not done.

code decy

Reduction of code uplity over time. Can result in
decreased maintainabiljitynore bugs, andrietrievable il-
ure.

contingency
A future ezent or circumgnce that maoccur but depends
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https://doi.org/10.1080/03055698.2011.643110

on knavn and unknen factors. Can be dipcult to predict yst of yve
far ahead of time. A method 6r gauging and building @up consensus that
uses a six-hel voting system (zero to ye yngers).

coupling
The degee to whith one unit of code is dependent onfocus goups
another A structured cowersation &cilitated ly a reseater with a
small goup of prospectiw users (typicafl 6-12 individu
) als). The aim of this session is tatlger insights about the
Daily Scrum

paticipant® attitudes, opinions, matfions, concers, and

In Agile Scum, a 15-minute meeting dog which devel- challenges concaring a speciyc product or topic.

opers discuss what has been done since theDaiy
Scrum, what will be done befe the ngt Daily Sctum, and
whether there are gbloders. functional requirement
Desciption of what functionality the sofave needs to

—— have.
Deynition of Done (DoD)

A set of acceptance itgria that, once satisyed, means a
user sory has been satattoily implemented. Gantt chart
Horizontal bar bart shaving gart and end times of activi

. . ties within a project $edule, along a time line.
Eisenhaver matrix

A grid for helping decide whether to do, dedég sbedule,

or eliminate a task based on itgemcy and impdance. GenderMag Method
A method that iwolves utilizing a specialized cogniéiv
walkthrough and cusmizable personas PA Pat, and Tm)

encapsulati_on ) . to identify and addressegderinclusivity issues in soft
In object-ofented progamming, (1) combining data and \y4re  thus imprang its overall gender inclusieness.
the methods that act upon those data into one unit of code

or (2) prerenting etemal direct access to data within a unit

of code. given-when-then
A format r writing an acceptance itgrion: Given <con
text>, when <action>, then <resultSouce Agile

estimation _ o Alliance. (n.d)What is Ogen B when D
Figuring out ahead of time kolong a task is liely to tale.  hanAhttps:/mvwwagilealliance.ay/glossay/gwt/

eventual consistency

Charactestic of software sgtems where diyerent per of
the sytem can hee less up-to-date iafmation (e.g., tate,
data) than other pt, but the inconsiencies are tempo

graphical user interface (GUI)
A user inteface with interacti® gaphics, in contrddo a
text-based user intéace.

rary.
ground rules
I A set of s$atements about the teamyeed to lp ead team
extensibility . ) ) . member for avoiding team conict and dfunction.
Degee to whit software suppds adding functionality
later.

heuristic evaluation
i A usability inspection method in whicvaluators indepen
Extreme Pogramming (XP) dently examine a design to ensure it aligns with a prede

Agile methodology that pritizes cusomer satiiction  yopnined set of heistics, and then compare their yndings.
and communication, shodevelopment cgles, iteration, g, e Nielsen, J., & Molib, R. (1990). Helistic eval-

frgqjent retleases,' codgvreN, tea}nwork, pa'ir Progam ation of user intéaces. IfProceedings ofte SIGEI

ming, requred unit teting, and implementing oplthe Conkrence on Human &fors in Computing S§ems

functionality tha@ needed. Empavering ReopleNCHI ©90Association ér Computing
Machinety. https://doi.0g/10.1145/97243.97281
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high-ydelity pr ototype

A polished illugration that looks lik a ynished, publish
able user intdace design (especiglla GUI). Almos
always digital.

high-level architecture
Abdract representation ofverall code design; eers all
parts of the softwre.

ideal days
The number of ds it would tale to complete the avk if
the work could be 100%okcused on.

implementation
(Software deelopment lié cycle phase.) Using the reige-
ments and design to code the saiitev

inclusive design
Designing with the goal of increasing usability tradi

interaction diagram
Visualization of collaboration beten diyerent pds of
software.

INVEST

Charactestics of good userteries (independent, nego
tiable, \aluable, eimable, small, tdable). Souce Wake,
B. (2003, Aigug 17).Inved in good $ories, and Smar
Tasks  XP123 Exploing Extreme Progam:
ming. https://xp123.com/dicles/inved-in-good-gories-
and-smar-tasks/

iteration
Verb: Ravision. Noun (in Agile): A time-bxed softvare
development cgle.

iteration plan
In Agile, egablishing what will be done ding a deelop
ment cyle.

tionally underseved user populations while also increasing

usability or maingream users.

Inclusivity Heuristics
Guidelines ér making software inclusie to diverse users.

Increment

In Agile Scum, a measurable increase in functionalit

toward completing the Product Goal.

information processing stie
(Cognitive facet.) Hav a person gthers data in relation to
acting on those data (comprehepsis. selectie).

inspection mehod
Any approab in which an @aluator @amines a user inter
face.

integrated development ewir onment (IDE)
Software br developing softvare.

interaction design

A method of designing téoology that dcuses on aiding
users in comprehending the operations arghts occur
ring within the tebnology as vell as guiding them on the
available actions thecan tale.

=< P #&**) 0

JavaScript Object Notation (JSON)

A lightweight data-inteftang format that is easyof
humans to read and ite. Souce JSONorg. (n.d.).Intro-
ducing JSONhttps://wwwjson.og/json-en.html

learning style

Cognitive facet.) Hov a person prefs to mee through
software (ly tinkering vs. ty mindful tinkering vs. by
process).

low-ydelity pr ototype
A rough slketdh of a user intdace design (especiglla
GUI). Can be hand-dven or digital.

maintenance

Development activities that impve software but that are
unrelated to implementing wefeatures (e.g., cogcting
bugs, impreing organization of code, and the &k

managerial skill mix (MSM)
Three categaes of skills used yomanagrs: (1) inteper
sonal, (2) telnical, (3) adminisative/conceptualSouce
Badavy, M. K. (1995).Dewloping managrial skills in
enginees and scientis: Succeeding as &dnical man
ager. Van Nodrand Reinhold.

medium-ydelity prototype
A careful and detailed illasation of a user intéace design


https://xp123.com/articles/invest-in-good-stories-and-smart-tasks/
https://xp123.com/articles/invest-in-good-stories-and-smart-tasks/
https://www.json.org/json-en.html

(especialf a GUI). Can be hand-dka, but digital is more
common.

method
A preesablished vay of adieving a speciyc outcome.

microservices achitecture

High-level arditecture baracteized ky multiple indepen
dent components that dmacun in their evn process and
communicate betaen one another without direct access.

minimum viable product (MVP)

A cog-eyective and epcient appro#c that allovs for
improved evaluation of potential user intetes a product
befre it is fuly developed.Souce Olsen, D. (2015)The
lean pioduct playbook: Ha to innovate with minimum
viable pioducts andapid cusomer €edbak. Wiley.

mitigation plan
What will be done if a contirency happens.

monolith architecture

High-level arditecture baracteized ty being in one ordv
pieces; cannot be easillivided into components thatin
separatgl and are independeptliseful.

motivations
(Cognitive facet.) What &eps someone using ewlogy
(task completion &. ted interes).

nonfunctional requirement
Desciption of hav well software is &pected to pdorm or
what congaints or limitations it musespect.

pairwise conparison

persona
Fictitious character created to represent speciyc user sub
sets within a taget audience. Theare commoryl used in
marketing and user intéace design to aid in the concentra
tion on paticular goups of users and dosners.

planning fallacy

An optimism bias in whie predictions regrding the time
required to complete a future task tend to underege the
actual time needed.

planning poker

In Agile, a consensus-based method of assignitigp&es
to a task that wolves individuals on a team damaking
their ovn edimate pivatel, then shang with the team,
discussing, and re-@sating as needed.

prioritization
Deciding whid units of vork to complete befe others.

Product Badklog
In Agile Scum, an ordered lisof all that is knwn to be
needed to impnee a product.

Product Owner

In Agile Scum, the person who is responsibbe §uiding
the Scum Team on making the mpgaluable softwre pos
sible.

project management
The process of planning angeeuting a project while bal
ancing the time, césand scope cotraints.

project managment sytem
Software br planning, aganizing, and othevise carying
out a project.

A process in whik entities are compared in order to deter

mine whid is preérred.

paper prototype

A manualy created dnaing utilized to comey a prospec
tive user intdiace design that is intendedr fimplemen

tation, paticuladly a design dcused on aphical user
interface.

participant
In a Uniyed Modeling Languag segence diatam, the

project negwork diagram
Graph shwing the order in whic a projed® activities are
to be completed.

project priority matrix

A 3 U 3 gid for documenting he to respond when there
are potential lsangs to a proje@ time, cos or scope.
Options include allwing only positive dhang (consrain),
allowing negtive cang (accept), or seeking posdiv
chang (enhance).

columns. The can represent objects, users, or other entities

involved in a progam® eecution.

#8*) 0 P==



pseudocode

Fake code. Pseudocode lookselikode but doednfollow
the wles of a pacular progamming languag Used to
communicate pragmming concepts.

quality attribute
A characteistic of software used to desbe hav good it is.

RACI matrix

In project managment, aleart for deyning whib roles are
responsible (R) and accountable (&) & task or delier-

able, and whik roles should be consulted (C) oramhed
(1) about the wtus of the task or debvable.

refactoring
Improving code design withouthanging what the code
does.

release plan
What will be completedol a speciyc softare release and
when the release will occur

requirement

A rule the softare mus conbrm to, including what the
software musdo, hav well it mug do what it does, or the
softwared limitations or cortsaints.

requirements eliciation
The process ofgheing reqiirements from projecttake-
holders.

requir ements speciycation
Corverting gakeholder regeds into witten reqiirements.

risk
Edimated probability of a negive contingncy given
known and unknen factors.

risk mitig ation
An action taken in order toid a contingncy

scheduling

Deciding when project activities are to be completedy ho

Scrum
An Agile framavork designed dr the deelopment and
maintenance of comptesoftware.

Scrum board

A way to omganize and visualize tasks oo as cards on
a board. The board has columms fiyerent categoes,
and eahb card is placed within a column. A San board
could be a pysical bulletin board withtiky notes or inde
cards. It is also a commoedture of task managent soft
ware.

Scrum Master
In Agile Scum, the person who is responsibbe making
sure the Serm Team is 6llowing Scum.

sequence diagram

In Uniyed Modeling Languag an interaction diagm

shaving how diyerent paticipants (e.g., users, sofine

components, classes, etc.) collaboratandua single use
case.

service
A unit of software that reces and fulylls regess.

software architecture
Code design. Can be stio at diyerent lgels of absaction
and detalil.

software development life cycle (SDLC)

Phases through whica softvared development proceeds:
requirements, design, implementation, tieg, mainte
nance.

software engineering

Systematic application of scientiyc and hemlogical
knowledge, methods, andxperience to the design, imple
mentation, teing, and documentation of sofiwe.Souce
Intemational Oganization 6r Sandardization, Intera
tional Electrotebnical Commission, Ingute of Electical
and Electronics Engineers. (201Bystems and sofvare
engineering N dcabulay (ISO/IEC/IEEE $andard Nb.
24765:2017)https://wwwiso.og/dandard/71952.html

long they will take, and what resources are needed to-corgoftware process model

plete them.

scope
The bounddes and deligrables of a project.

544 P #&**) 0

A philosoply and/or set of approhes br software deel-
opment and/or softare project managnent.


https://www.iso.org/standard/71952.html

software requirements speciycation (SRS) task managment

A document that contains sofive regirements. The collection, assignment, shay, traking, and shed
uling of tasksSouce Gil, Y., Groth, P, & Ratnakar V.
(2009). Leveraging social netarking sites to aagjre rich

spike o o task $ructure. InProceedings ofte Workshop on User
A quick and to-the-point vedigation br gatheing infor-  conuinyed Knavedge and Atipcial Intelligence: An
mation to help the team answa aegion or coose a Evolving Synegy (WKIAI).

development path.

task managment sytem

Sprint Software br planning and @anizing project activities.

In Agile Scum, a dgelopment peod (a month or less).

) tech stack
Sprint Backlog The set of proamming languags, framworks, and other

In Agile Sclum, the set of activities to be completedidgr technologies hosen or neededrfimplementing a piece of
a Spmt (from Product Bddog), the associated Spt (e -ro

Goal, and a plarof completing the activities.

technical debt

Time and resourcesoy (or someone else) will need to
spend on modifyinggur software in the future because of
the poor decisionsog®e making in the present.

Sprint Goal
In Agile Scum, the @erall objectie of the Spint.

Sprint Planning
In Agile Scum, the activity of decided whatonk will be

. ) think -aloud protocol
done duing the Spint.

A feedbak-gatheing method to assess the usability of a
design, wherein a tesiser erbalizes their thoughts and
Sprint Retr ospectie impressions while interacting with the design.

In Agile Scum, a meeting dimg which the Scum Team
discusses ho the las Spiint went in tems of individuals,
interactions, processes, tools, and ther@eynition of
Done.

triple constraint

In project managment, the three limitingattors that go
em project gecution: time, casand scope. Scope includes
quality. Cog includes spending moyp@&nd resources.
Sprint Review

In Agile Scum, a meeting dimg which the Scum Team 1, 4 an@ model of team deelopment

and other keholders discuss what happenedimtyrthe

) ; : A yve-dage model of hav a team deelops @er time: (1)
Spiint and what to do dimg future Spints.

forming, (2) sorming, (3) noming, (4) peforming, (5)
adjouning.

stakeholders

Anyone who is or will be ayectedylthe softvare or its
development (e.g., clients, companies, userseldpers,
manag@rs, politicians, and so on).

Uniyed Modeling Language (UML)
A set of notation and methodsr fdescibing and designing
software.

story points usability testing

A method or e$.irr_1:.:1ting an activity based on its size fela g aet of obseing individuals as theattempt to interact
tive to other activities. Scaletablished lg team. with your softvare.

sustinability use case

[?egee to whi softwgre_can continue to fU”Ct'O”’@T A formal ageement outlining thexpected behaor of a
time (e.g., measured in time andahwell the softvare is sysem

functioning).
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user accepance testing (WAT) validation

Formally teding software with end users tded not ony ~ Conyming that softere meets useisneeds (ODiewuild
whether it pefiorms as gpected but also whether end usershe iight software?0).

will use it. Typically peformed befre the softare is

released. .
velocity

In Agile, a measure of momud work is being completed.
user interface (Ul)
What a user interacts with to operate ateay (e.g., a
graphical user intéace, a command-line infece, a vitual
or augmented reality intixce, and the I&).

veriycation .
Conyming that softwre satisyed its regrements (ODid
we build the softare ight?0).

user story

A concise andtgaightiorward explanation of adature pre
sented from the wipoint of the individual seeking thewe
functionality, typically a user or cuemer of the ssgtem.

Waterfall

Way of going about softare deelopment and managent
that is haracteized ly extensive planning, comprehensiv
documentation, and mimg lineaty through tages of the
software deelopment lié cycle (SDLC).

546 P #&*) 0



#-. -1 -0+-;

@ShitUser®ry. (n.d.).Shit User ®ry. Twitter. https://twittercom/shitusetsry
Agile Alliance. (n.d.)What is Ogien B when Bi¢nOhttps://wwwagilealliance.ay/glossay/gwt/

Alcalt-Fdez, J., Alonso, J. M., Gadlo, C., MencarC., & Soto-Hidalgo, J. M. (2019, Jun®y4JFML.: A Pyhon
wrapper br using he IEEE & 1855-2016Hhrough JFML Paper presented at the 2019 IEEE In&ional
Conference on &zzy Syems (FUZZ-IEEE), Mw Oreans, LA, U®. https://icerca.uniba.it/bitseam/11586/

256332/9/P1D5822281-Preift%28con-DOI1%29.pdf

Badavy, M. K. (1995).Dewloping managrial skills in enginees and scientis: Succeeding as adnical man
acer. Van Nogrand Reinhold.

Bed, K., & Andres, C. (2004)Extreme pogramming explained: Emace dange (2nd ed.). Aldison-Viésley.

Bed, K., Beedle, M., &n Bennelkm, A., Co&bum, A., Cunningham, WFowler, M., Grenning, J., Highsmith, J.,
Hunt, A., Jeyres, R., kem, J., Maick, B., Mattin, R. C., Mellor S., Sbwaber K., Sutheland, J., & Thomas,
D. (2001).Manifedo for Agile sofware deelopmenthttps://agileman#go.omgy/

Bed, K., Beedle, M., &n Bennekm, A., Co&bum, A., Cunningham, WFowler, M., Grenning, J., Highsmith, J.,
Hunt, A., Jeyies, R., kem, J., Maick, B., Mattin, R. C., Mellor S., Sbwaber K., Sutheland, J., & Thomas,
D. (2001).Manifedo for Agile sofware deelopmenthttps://agilemanégo.om/

Belling, S. (2020). Aile values and practices. Bucceeding wht Agile Hybrids 47D61. Spmger.

Burnett, M., Sama, A., Hilderbrand, C.,t8ine-Hanson, Z., Mendez, Ceriau, C., Garcia, R., Hu, C., Leta
L., Vellanki, A., & Garcia, H. (2021, Mam}. Cognitive gyle heurigics (fom the GenderMag Rject).

GenderMag.ar. https://@ndemag.og/Docs/Cognitie-Syle-Heuiistics-from-the-GenderMag-P+o
ject-2021-03-07-1537.pdf

Burnett, M., Sumpf, S., Macbeth, J., MakiS., Be&with, L., Kwan, I., Rters, A., & Janigan, W (2016). Gender
Mag: A method dr evaluating softwareg® gender inclusienessinteracting wih Compugrs, 28(6), 760D787.
https://doi.0g/10.1093/ive/iwv046

CEAPR Consevation Eyects Assessment Project. (200®ystem equirements specipcatioorf STEWARDS.US

Depatment of Agriculture, Agricultural Researh Sewice. https://wwwnrcs.usda.gdpublications/ceap-
watershed-2006tavards-design.pdf

) % * P547


https://twitter.com/shituserstory
https://ricerca.uniba.it/bitstream/11586/256332/9/PID5822281-PrePrint%28con-DOI%29.pdf
https://ricerca.uniba.it/bitstream/11586/256332/9/PID5822281-PrePrint%28con-DOI%29.pdf
https://agilemanifesto.org/
https://agilemanifesto.org/
https://gendermag.org/Docs/Cognitive-Style-Heuristics-from-the-GenderMag-Project-2021-03-07-1537.pdf
https://gendermag.org/Docs/Cognitive-Style-Heuristics-from-the-GenderMag-Project-2021-03-07-1537.pdf
https://doi.org/10.1093/iwc/iwv046
https://www.nrcs.usda.gov/publications/ceap-watershed-2006-stewards-design.pdf
https://www.nrcs.usda.gov/publications/ceap-watershed-2006-stewards-design.pdf

Cohn, M. (2004)Example userteries Mountain Goat Softare.https://wwwmountaingoatsoftare.com/uploads/
documentsieample-usestories.pdf

Cohn, M. (2006)Agile egimating and planningPrentice Hall Prafssional &hnical Reference.

Cotton, G. (2013, Agus 13). Gedures b awid in cross-cultual business: In ther words, Okeepour pngers
yourselflOHuyPog. https://wwwhuypos.com/enty/cross-cultural-ggures_b_3437653

Doulis, G., Frauendiengd., $evens, C., & Whale, B. (2019).@FFEENAn MPI-parallelized Python p&age for
the numeical evolution of diyerential egations.SotwareX 10, 100283https://wwwsciencedirect.com/sci

ence/aticle/pii/S2352711019300950

Ealer, F. (2006, Mvember).Sotware requirements specipcatioivyasa.https://viasa.sourcefge.net/viasa_soft
ware_regirements_speciycation.pdf

Eefand, W, B, S., Fangohr H., & S—béar, A. (2017). EetoolNA probabiligic trgectory anaysis tool.Joumal
of Open Rseach Sofware, 5(1). https://openresednsoftware.metml.com/aticles/10.5334/jors.163

Fars, H., Aljarah, I., Mifalili, S., Catillo, P. A., & Guenv—s, J. J. M. (2016). &@oPy. An open-source nature-
inspired optimization franveork in python. InProceedings ofiie 8h International Joint Cordrence on Com
putational Intelligence (IJCCI): Eslutional Computational Thegrand Applications (ECH), 1, 171-177.
https://resealerepositoy.gripth.edu.au/bitdream/handle/10072/401215tkAI-Castro165057-Pub

lished.pdf?segence=2

Fem, A. (2022).Tech Talk Tuesday Lessons ineal-world sotware: going fom monolit to micosewrvices OSU
MediaSpacehttps://media.oregotete.edu/media/t/l_Is3xsa6r

Fletcher, A. (2002). Firedarter Youth PFower Curriculum Freetild Inditute for Youth Enggement.
https://freebildingtitute.yles.vordpress.com/2023/04/yiegter-patticipant-guidebook. pdf

Fowler, M. (2004).UML didtilled: A brief guide ¢ the sandaid object modeling languagAddison-Wsley Proes
sional.

Fowler, M. (2015, Juf 1). Microsewice trade-oys matinfowler.com. https://matinfowler.com/aticles/microser
vice-trade-oys.html

Fowler, M. (2019, Aigug 21).Microsewices guidematinfowler.com.https://matinfowler.com/microsevices/
Fowler, M., & Bed, K. (2019).Refactoring: Improving the design of exiisig code Addison-W\ésley.

Gallard, F, Vanaret, C., GuZnot, D., Gadin, \,, Lafage, R., Ruwels, B., Bajhoux, P-J., & Gazaix, A. (2018).
GEMS: A Ption library for aubmation of multidisciplinay design opmization pocess gneation. Paper

548 P ) % *


https://www.mountaingoatsoftware.com/uploads/documents/example-user-stories.pdf
https://www.mountaingoatsoftware.com/uploads/documents/example-user-stories.pdf
https://www.huffpost.com/entry/cross-cultural-gestures_b_3437653
https://www.sciencedirect.com/science/article/pii/S2352711019300950
https://www.sciencedirect.com/science/article/pii/S2352711019300950
https://vyasa.sourceforge.net/vyasa_software_requirements_specification.pdf
https://vyasa.sourceforge.net/vyasa_software_requirements_specification.pdf
https://openresearchsoftware.metajnl.com/articles/10.5334/jors.163
https://research-repository.griffith.edu.au/bitstream/handle/10072/401215/Estivill-Castro165057-Published.pdf?sequence=2
https://research-repository.griffith.edu.au/bitstream/handle/10072/401215/Estivill-Castro165057-Published.pdf?sequence=2
https://media.oregonstate.edu/media/t/1_ls3xsa6r
https://freechildinstitute.files.wordpress.com/2023/04/firestarter-participant-guidebook.pdf
https://martinfowler.com/articles/microservice-trade-offs.html
https://martinfowler.com/articles/microservice-trade-offs.html
https://martinfowler.com/microservices/

presented at the 2018 AIAA/ASCE/AHS/AS@r&tures, Suctural Dynamics, and Matafs Conérence,

Kissimmee, FL, U&.. https://hal.science/hal-02335530/yle/DT1S19188.1570026732_iptgyuif

GenderMag Project, Di, E.,d¢-Gueara, G. J., Letg L., Alzugaray, M. J., Madsen, S., & Doddala, S. (2021,
June) GenderMagdce and fice value depnitions (cognitevayles) OERCommons.ay. https://wwwoercom

mons.og/courses/handoutegdemag-ficet-and-dicet-walue-deynitions-cognitie-gyles

Graser A., & Olaya, V. (2015). Processing: Ayphon framevork for the seamless intesgion of geoprocessing
tools in QGIS.ISPRS Irgrnational Jounal of Geo-Inbrmation 4(4), 2219-2245 https://wwwmdpi.com/

2220-9964/4/4/2219/pdf

Hanington, B. M., & Matin, B. (2019).Universal Mahods of Design: 125 ays © reseach complex poblems,
dewlop innwative ideas, and design eyedigolutions Rockport Publishers.

Hedbeg, T., Helu, M., & Nawrock, M. (2017, DecemberpBotware requirements specipcation digribute manu
facturing data NIST Advanced Manudctuiing Seies 300-2. Mtional Ingitute of Sandards andéchnology

https://rvIpubs.ni$.gov/nistpubs/ams/NI$.AMS.300-2. pdf

Hewlett Padkard Enteprise (2017).Agile is he new nomal: Adoging Agile project managment https://soft
wareteinggenius.com/docs/4aa5-7619.pdf

Hu, C., Rerdiau, C., Mendez, C., Gao, CalRtah, A., & Bunett, M. (2021). ®ward a socioeconomicaare HCI:
Five facetsarXiv preprint arXiv2108.13477

Hulshult, A. R., & Krehbiel, TC. (2019). Using eight agile practices in an online course to iagualent leaning
and eam Project QualityJoumal of Higher Education Thegrand Pactice 19(3). https://doi.0g/10.33423/

jhetp.v19i3.2116

Ingtitute of Electical and Electronics Engineers. (2020, June). IEEE code of Ethics. HHBE//wwwieee.og/
about/coporate/ggemance/p7-8.html

Intemational Oganization ér Sandardization, Interational Electrotdmical Commission, Irigute of Electical
and Electronics Engineers. (201%)stems and stfvare engineeringNdcabulary (ISO/IEC/IEEE $andard

No. 24765:2017)https://wwwiso.og/gandard/71952.html

Larson, E. W & Gray, C. F (2018).Project managmentiie managrial process McGraw-Hill Education.

Lewis, J., & Fowler, M. (2014, Marb 25). Microsewices matinfowler.com. https://matinfowler.com/aticles/

microsevwices.html

MahniQ, V, & Hovelja, T. (2012). On using planning pekfor esimating user ®ries.Joumal of Sgtems and Sof
ware, 859), 2086D2095ttps://doi.0g/10.1016/j.jss.2012.04.005

) % * P549


https://hal.science/hal-02335530/file/DTIS19188.1570026732_preprint.pdf
https://www.oercommons.org/courses/handout-gendermag-facet-and-facet-value-definitions-cognitive-styles
https://www.oercommons.org/courses/handout-gendermag-facet-and-facet-value-definitions-cognitive-styles
https://www.mdpi.com/2220-9964/4/4/2219/pdf
https://www.mdpi.com/2220-9964/4/4/2219/pdf
https://nvlpubs.nist.gov/nistpubs/ams/NIST.AMS.300-2.pdf
https://softwaretestinggenius.com/docs/4aa5-7619.pdf
https://softwaretestinggenius.com/docs/4aa5-7619.pdf
https://doi.org/10.33423/jhetp.v19i3.2116
https://doi.org/10.33423/jhetp.v19i3.2116
https://www.ieee.org/about/corporate/governance/p7-8.html
https://www.ieee.org/about/corporate/governance/p7-8.html
https://www.iso.org/standard/71952.html
https://martinfowler.com/articles/microservices.html
https://martinfowler.com/articles/microservices.html
https://doi.org/10.1016/j.jss.2012.04.005

Martin, R. C. (2009)Clean code: A handbook ofjife Sofware craftsmanshipPrentice Hall.

Mcintosh, J., Du, X., W, Z., Truong, G., i, Q., Haw, R., iswanathan, S., & KapiT. (2021).Evaluating ag
bias in e-commee Paper presented at the 2021 IEEEM 13th Intenational Wrkshop on Cooperatv
and Human Aspects of Softme Engineeng (CHASE), Madid, Spain. https://doi.0g/10.1109/
chase52884.2021.00012

Michell, V. (2011). A bcused approécto business capabilitin B. Shishkv (Ed.),Proceedings ofhie Frst Inter-
national Symposium on Business Modeling andnaod Design 105D113. Sprger. https://doi.og/10.5220/
0004459101050113

Microsoft. (n.d.).Microsot inclusive designhttps://inclusie.microsoft.design/

Naressi, A., Coutuer, C., Catang, |., De BeerR., & Grareron-Demily, D. (2001). Jea-based maphical user
interface br MRUI, a softvare pakage for quantitation of in vie/medical magnetic resonance spectrogcop
signals. Compuers in Biology and Medicine 31(4), 269-286. https://citeseet.ist.psu.edu/docu
ment?repid=repl&type=pdf&doi=cdb5e5d28a9bd6a04f969d6465110f875e706e71

Nielsen, J. (1994). Heistic evaluation. InUsability inspection nthods.John Wiley & Sons.

Nielsen, J., & Molib, R. (1990). Heustic evaluation of user intéaces. InProceedings ofte SIGE! Conkrence
on Human Bctors in Computing S$ems Empeering ReopleNCHI ©90Association ér Computing Makin-

ery. https://doi.0g/10.1145/97243.97281

OpenVIBE. (2018, Agb). Inria Innovation Lab Cetivibe v 1.0 sdfvare requirement specipcatiorhttp://open
vibe.inra.fr/opervibe/wp-content/uploads/2018/04/CESoftware-Requirement-Speciycation.pdf

Palma, S. D., Di MNcci, D., & Tamburi, D. (2021). RpoMiner: A languagragnosic Python frameork to
mine softvare repositdes br dekct prediction.arXiv preprint arXiv2111.11807 https://axiv.org/pdf/

2111.11807.pdf

Royce, W W. (1970). Managing the delopment of lage softvare sgtems.Proceedings of IEEE WES, 26,
1-9.

Schwaber K., & Sutheland, J. (2020, Bvember).The 2020 sarm guidehttps://scumguides.qy/scium-guide.html
Shwets, A. (n.d.)Refactoring and Design &terns. https://refictoiing.guu/

Sryder, C. (2011)Paper pototyping: The &g and easy ay © design andepne user irfaces Morgan Kaufmann.

54: P ) % *


https://doi.org/10.1109/chase52884.2021.00012
https://doi.org/10.1109/chase52884.2021.00012
https://doi.org/10.5220/0004459101050113
https://doi.org/10.5220/0004459101050113
https://inclusive.microsoft.design/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=cdb5e5d28a9bd6a04f969d6465110f875e706e71
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=cdb5e5d28a9bd6a04f969d6465110f875e706e71
https://doi.org/10.1145/97243.97281
http://openvibe.inria.fr/openvibe/wp-content/uploads/2018/04/CERT-Software-Requirement-Specification.pdf
http://openvibe.inria.fr/openvibe/wp-content/uploads/2018/04/CERT-Software-Requirement-Specification.pdf
https://arxiv.org/pdf/2111.11807.pdf
https://arxiv.org/pdf/2111.11807.pdf
https://scrumguides.org/scrum-guide.html
https://refactoring.guru/

Spyridonos, P (2010, Ebualy 6). Sotware requirements specipcatiororf PDF split and meage requirements
for version 2.1.0 University of Kentuky Software \erycation and \alidation Lab. https://selab.net

lab.ukyedu/~ashlee/cs617/project2/PDESam.pdf

Standish Group Interational, Inc. (2015)CHAQOS epott 2015 https://$andishgoup.com/sample_researg/les/
CHAOSRepoit2015-knal.pdf

Stuart, A. (2014).Ground wles br a high peforming am Paper presented at PMI Global Coegs 2014NNorth
America, Phoenix, AZ. Project Manament Ingtute.

Texas Depament of Inbrmation Resources. (2008, Janyat4). Sotware requirements specipcation imactions

https://dirtexas.ga/sites/defiult/yles/Requirements%20iaceability%20Maix%20Ingructions. pdf

Thomp, K. R. (2022). pfao56: RO-56 eapotranspiration in Python.SotwareX 19, 101208.
https://wwwars.usda.ggARSUserfes/40820/Thop2022%20-%20¢fa056.pdf

Tudkman, B. W (1965). Degelopmental sagence in small pups. Psychological Bulldin, 63(6), 384D399.
https://doi.0g/10.1037/h0022100

Tudkman, B. W, & Jensen, M. A. (1977).t&pes of small-goup deelopment reisited. Group and Oganization
Sudies 2(4), 419b42ttps://doi.0g/10.1177/105960117700200404

US General Seices Adminigration. (2014, Janug). USDA peisonas and use casdstps://s3.amazoms.com/
digitalgov/_legacyimg/2014/01/Marsh-€rsonas.pdf

van Wyngaard, C. J., Pretius, J. H., & Pretdus, L. (2012) Theory of he triple congaintNA concepual review
Paper presented at the 2012 IEEE In&ional Conérence on Indusal Engineeing and Enginedéng Man

agement, Hong Kng, Chinahttps://doi.0g/10.1109/ieem.2012.6838095

Wake, B. (2003, Aigug 17). Inved in good $ories, and SmarTasks XP123 Exploing Extreme Progamming.
https://xp123.com/aicles/inves-in-good-sories-and-smadrtasks/

Wells, D. (2013, October 13Extreme pogramming: A gntle intoduction.http://www.extremeprogamming.og/

Wiegers, K., & BeattyJ. (2013)Sotware requirementg3rd ed.). Deeloper BesPractices Ségs. Microsoft Press.

Wikimedia Foundation. (2023, Malt 23). List of sywem qality attributes https://en.wikipedia.aywiki/
List of sytem_ auality attibutes

) % * P54


https://selab.netlab.uky.edu/~ashlee/cs617/project2/PDFSam.pdf
https://selab.netlab.uky.edu/~ashlee/cs617/project2/PDFSam.pdf
https://standishgroup.com/sample_research_files/CHAOSReport2015-Final.pdf
https://standishgroup.com/sample_research_files/CHAOSReport2015-Final.pdf
https://dir.texas.gov/sites/default/files/Requirements%20Traceability%20Matrix%20Instructions.pdf
https://www.ars.usda.gov/ARSUserFiles/40820/Thorp2022%20-%20pyfao56.pdf
https://doi.org/10.1037/h0022100
https://doi.org/10.1177/105960117700200404
https://s3.amazonaws.com/digitalgov/_legacy-img/2014/01/Marsh-Personas.pdf
https://s3.amazonaws.com/digitalgov/_legacy-img/2014/01/Marsh-Personas.pdf
https://doi.org/10.1109/ieem.2012.6838095
https://xp123.com/articles/invest-in-good-stories-and-smart-tasks/
http://www.extremeprogramming.org/
https://en.wikipedia.org/wiki/List_of_system_quality_attributes
https://en.wikipedia.org/wiki/List_of_system_quality_attributes

	Contents
	What’s Software Engineering?
	What’s the Purpose of Software Engineering?
	What’s the Philosophy Behind This Book?
	What’s This Book Like?
	What’s New in the Second Edition?
	Giving Feedback
	Acknowledgements
	Media Attributions
	Reference
	1.1 The Software Development Life Cycle
	1.2 Agile, Scrum, and Agile Methods
	1.3 Summary
	References
	2.1 Why Learn about Project Management?
	2.2 Triple Constraint
	2.3 Managerial Skill Mix
	2.4 Interpersonal Skills: Team Communication
	2.5 Technical Skills: Project Definition
	2.6 Summary
	References
	3.1 Types of Requirements
	3.2 Why Requirements Matter
	3.3 What Makes a Good Requirement
	3.4 Requirements Elicitation
	3.5 Nonfunctional Requirements
	3.6 Functional Requirements
	3.7 Requirements Specification
	3.8 Summary
	References
	4.1 How Diagrams Help
	4.2 What Diagrams Must Do Well
	4.3 What Is UML?
	4.4 Why Use UML?
	4.5 Why NOT Use UML?
	4.6 Class Diagrams
	4.7 Sequence Diagrams
	4.8 Summary
	References
	5.1 Monolith Architecture
	5.2 Microservice Architecture
	5.3 Monolith Compared to Microservices
	5.4 Summary
	5.5 Case Study: Microservice Architecture
	References
	6.1 Showing Interaction
	6.2 Showing Your Concept to Others
	6.3 Summary
	Reference
	7.1 Background
	7.2 Inclusivity Heuristics Personas
	7.3 The Inclusivity Heuristics
	7.4 Summary
	References
	8.1 Why Care about Code Smells?
	8.2 Your Code Stinks—Now What?
	8.3 Comments
	8.4 Functions
	8.5 Code
	8.6 Summary
	References


