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Today | am going to tell you a story. A story about heroes, lots of obstacles and the

holy grail of the test automatiorii KS LISNF SO0 aeadaSy GSaidaqQ F
of personal and mythological stories | am going to present to you eight criteria for

system tests desigassessment. You can find some of them in different books and

blog posts but this list is unique



Hero’s Journey

to Perfect
System Tests

My teammates and | created it specifically for our system tests design improvements.
Today you will hear the whole story. Whatbblems we had initially and how we
developed a system to soltkeem. My inspiration about this talk came from the so
called 'Hero's Journéy
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The Hero’s Journey

8 Level Assessment System
Levels Explained

Facades in Tests
Behaviours in Tests

SpecFlow in Tests
Final Words

Before we begin, just let me quickly introduce to you the plan of the talk. First | am
going to tell you what our problems were at the beginning througibrytelling and
FyFf23ASa 62dzi GKS KSNRQa 22dz2NySeéd ¢KSy
about the 8 level assessment system and what for we use it. After that, | will explain
the concept behind each level. The rest of the presentation will be about giving
examples how to apply the proposed system in the real world, comparing different
test designs and chose the best one. By tests design, | mean different methods for
writing end to end tests rather than boundary value analysis and so on. What classes
we use, how we arrange the tests.

The first example will be about facade based tests. | will quickly explain what the
facades are and then use the system to evaluate the design. The second one will be
about behaviours in tests. We will assess them as well. Lastly, we will talk about
Specflow. | will again shortly tell you more about the design and then compare it
using the system. At the end, we will sum up everything learned



Stages of the Hero’s Journey

Intrigued by mythology, author Joseph Campbell studied the myth and made the
famous claim that nearly all myths, and some other story types, share common ideas
andformat. The different adventure stages are called the "hero's journey". | am going
to tell you my "hero's story” or at least one thfem. Thereare twelve steps to the

KSNR2Qa 22d2NySeo



1. Ordinary World | -

1000 tests- 6 hours single machine

Sometimes- green
Sometimes- problems- troubleshooting

This step refers to the hero's normal life before the adventure begins

We had over 1000 tests that ran for over 6 hours on a single machine. Sometimes all
of them were green but sometimes they were problems so we needed to
troubleshoot them over and over again.



2. Call to Adventure 7

Ul Tests-unstable
Brittle and cannot be easily modified
Regression- aftersmall changes

e 2

Stages of the Hero's Journey
pee g V& Thge PO

The hero faces something that makes him begin his adventure. This might be a

problem or a challenge he needs to overcome.

¢KS 0A3IISAal LINR2oOofSY FT2N) dza ¢l a GKIG ¢S
LI NI 2F GKS aeéadSy odzi gSNB a2 oNRGGE S
can be easily modified. Small changes in the main workflow caused almost always
regression in a random group of tests. Our challenge was to find a better design so

that we can refactor them and make them more maintainable, more readable and
always green

(@] O(



3. Refusal of the Call

Stages of the Hero’s Journey

The hero attempts to refuse the adventure because he is afraid.

Beforewe came up with the system, we tried to patch up the tests and find quick
solutions, hoping that this way we can fix the regression problems and

simultaneously be able to add new tests. However, our problem here was that for
jdZAGS a2YS GAYS 4SS RARYQO KIFI@S (GKS gK2tS
analysis and comparing of the different ideas, we can achieve much better results
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Stages of the Hero’s Journey

The hero finds someone who can give him advice and ready him for the journey

ahead.

2§ KFR O0KAA AaadzsS dKFd 0KS RS@OSt2LISNBR RA
usually the design and architecture of the tests was a responsibility of single man that
O2dzZ Ry Qi (1y29 SOSNRGKAYID L GKAY]l 2yS 27
that the final decision for the most appropriate design of the tests was result of a

team effort.



5. Crossing the First Threshold *
uiy W
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Stages of the Hero’s Journey

The hero leaves his ordinary world and crosses his firseshold.

My team is using the Scrum agile methodology. As you may know in Scrum at the end
of every sprint there is the so called retrospective meeting. As a team we decided

that we need to revise our current approach for writing system tests. So my hero's
journey started

10



Assessment System Criteria

: Maintainability
. Readability

. Usability

. Flexibility

. Learning Curve

. Principle Least Knowledge
*Keep it Simple Stupid KISS

So now it's time to present to you the different levels of the system. Each level
represents a characteristic of the tests. As you will see, they are listed in a numbered
order which means that they are ordered by importance. However, | think this order
depends highly on the context of your team and the skill of its members. So you can
reorder the criteria if you want. Our team is responsible for a complex legacy
licensing system we need to have lots of regression tests and be able to extend and
modify them easily because of that the maintainability holds the first spot. Since we
have lots of tests, they need to be readable because sometimes the tests are
documentation too. The third one is CCI, | will tell you more about it a little bit later,
but it represents how complex our code is, we want our code to be simple. Also, it is
GKS 2yfte G22f OFtOdZ SR YSGNAO® 2SS R2YyQ
is important. The next one is flexibility. How easy is to learn to write tests. The seven
is connected with the maintainability, | will tell you more about it in a bit. Our last
resort of comparing is that the simplest design wins if all other criteria are equal. Itis
not a metric but a principle

11



Available Levels

Very Good
Excellent

For every criterion, there will be a rating assigned. You can find the possible ratings
on the slide. And of course, they have a number representation

12



Steps to Apply 2

v 1"

. Create Research & Development Branch
. Create Separate Projects

. Choose Small Set of Tests

. Implement the Set for Each Design

. Presentthe Designsto Your Team
. Every Participant Use the System
. Create Final Triage Meeting

e v
(Y

-—"\ /? :”’] :

NNVNN NVYVWY

o)\ B

Here are some pragmatic steps to apply it.

1.FisE ONBIFGS 6K2tS ySg awSaSlINOK g 5S@gSt 21
2. Thencreate separate projects to test your new ideas (). Do not refactor your
SErAalGAYy3 GSald FTNIXYYSs2N] Qa O2RS 06ST2NB &2
for your case.

3. Tobe able to evaluate effectively and assess the different ideas it is best if you

choose a small set of identical tests to implement.

4. Creatddifferent folders for each ideaChoosea same small set of identical tests to
implement for each design. If the tests you create are different, how do you expect

GKS aasSaayvySyd G2 060S | OOdzNy GSK | adzr ttex
0SOFdzaS AdG Oz2ada + 24 2F GAYS GKIFIG ¢S dz
work for any number of tests.

5. Presenthe design to your team.

6. Usethe provided eighievel evaluation system to assess the different solutions. It

is best if a couple of people participate in the process because some of the points are
personally subjective (like what is readable test or which design is more easy to learn)

7. Createa final triage meeting with your whole team and decide which idea to

implement based on the results of tleessessment. Befonee proceed with the

examples how we use the system, | am going to explain what every criterion means

13



1. Maintainability

L
“Maintainability has been defined as the ease with
which a software system or component can be modified
to correct faults, improve performance, or other
attributes, or adapt to a changed environment. The
keyword here is ease.”
- Wikipedia

Assessment System Criteria

The officialdefinition byWikipedia is thdollowing: Maintainability has

beendefinedas "the ease with which goftware system or component can be
modified to correct faults, improve performance, or other attributes, or adapt to a
changed environment”. The keyword here is ease.

The most important part for me is theoubleshooting How much time do you need

to find out if there is a bug in the functionality that the test is asserting or it is a
problem with the test itself? Whethere is some issue in the codgu are looking

into the logs. You are all sweaty, looking and looking, unable to locate it. And debug
deeper and deeper, and deeper to find out the root cause. | am sure you have
experienced it more than once. This is the maintainability what | mean

14



2. Readability

Clearly, communicates its intention

Not readable code- longer to understand

Not readable code- increased likelihood of defects
Tests’ readability- easily find what the test does

VR \! e {

~ S - = - - -

Assessment System Criteria

Readable code is code that clearly communicates its intention to the reader. Code

that is not readable takes longer to understand and increases the likelihood of
defects.There is a tendency for some programmers to use comments as a substitute
F2NJ NBIFIRIFoftS O2RS 2NJ G2 aavLie O2YYSyid 7
readability means how easyto find what the test does without the need of huge
O2YYSyida 2Nt NBISmMsuk allotydu aRéast GnbEANLIUR 2 y & ®
fATSGAYS KI@S aSSy | dSadQa yrysS GKIFG Aa
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3. Code Complexity Index

ey’ e

Visual Studio Visual Studio Visual Studio Visual Studio
Community Professional Enterprise Test Professional

Assessment System Criteria

The code complexity indexagir custommade metric. We created a formula for it. It
contains four important parts that can be calculated with tools such as Microsoft
Visual Studio IDE. This is the only metric from the system that is tool calculated. All
20KSNE INB o0lFlaSR 2y GKS LINIAOALIYGAQ
Depth of Inheritance;The deeper the hierarchy the more difficult it might be to
understand where particular methods and fields are.

Class Coupling Good software design dictates that types and methods should have
high cohesion and low coupling. High coupling indicates a design that is difficult to
NBEdzaS IyR YFIAYGlFAy 06SOldzaS 2F A0Qa Ayl
CKSAS YSUNRO&AQ OFftOdzZ FGA2ya FNB I @FAfl
application, even in the free or¢he community edition

o Uy
—Z
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3. Code Complexity Index (3)

Maintainability Index = MAX(0,(171 - 5.2 * In(Halstead Volume) - 0.23 *
(Cyclomatic Complexity) - 16.2 * In(Lines of Code))*100 / 171)

L3
Cyclomatic Complexity = CC=E-N + 2
E = the number of edges of the graph
N = the number of nodes of the graph

IFA=10THEN
IFB> CTHEN

Assessment System Criteria

Maintainability Index ¢ Calculates an index value between 0 and 100 that represents
the relative ease of maintaining the code. A high value means better maintainability.
Most of the formulas used to calculate the metrics are not public. However, | found
an unofficial one for the maintainability index. | am not going to decipher it. | wanted
to emphasisdhat real mathematics stays behind this metrics.

Cyclomatic Complexity Belowyou can find the formula for Cyclomatic complexity.
The Cyclomatic complexity is based on the number of decisions in a program. The
control flow shows seven nodes (shapes) and eight edged (lines), thus using the
formal formula the Cyclomatic complexity i€& + 2 equal to 3

17



3. Code Complexity Index (3)

Assessment System Criteria

Here | added a few images how to calculate the mentioned metrics using Visual
Studio. First, you need to select your project and find the Analyse menu item in the
context menu and click Run Code Analysis. After few seconds the code metrics results
window will show up. There you will find this green Excel icon. Once you click it, you
will be able to export the results to an Excel sheet. Since you cannot calculate the
metrics only for a couple of classes only for the whole project. To be able to calculate
the parameters only for a few chosen classes you can filter them by full namespace
which is available on the sheet

18



3. Code Complexity Index

Maintainability Cyclomatic Class Coupling Depth of
Index Complexity Inheritance
(5) Excellent >70 <10 <10 =<3
(4) Very Good > 60 10-12 <15 4
(3) Good 40-60 12-15 <20 5
(2) Poor 20-40 15-20 <30 6-8
(1) Very Poor <20 > 20 > 30 >8
Assessment System Criteria 19

| could not find any official values published by Microsoft for assessment of these
criteria. So | did some research and read blog posts of Microsoft MVPs that suggested
a sample assessment system. | modified it a little bit to fit our needs. You can observe
the result in the presented table. We use the table to calculate the rating for the
different parts of the formula

19



4. Usability ¢

>

Ease to use the test framework’s API
Required Effort- write a new common test
Code amount- write a new simple test
Test writing- straightforward process

A\

By usability, | mean how easy is to use the test framework API. How much effort is
required to write a new common test leveraging on the existing test API? How much
code do you need to write a single simple test? If you use complex design patterns
and lots of classes, your tests may become really complex. The tests writing should
be a straightforward process, should bring joy and pleasure to the writer. My dream is
to be able to write tests through 3 4 touches of the keyboard. This is something like
GKS GSalta@nhosel NALF GA2Y 27

20



5. Flexibility

100 tests- call single main method

Cover 20 different use cases

Conditions in code- complex, less maintainable
Does not follow Open Close Principle

Every change- affects all tests

-
Assessment System Criteria

By flexibility, | mean how easy is to add a new step to the existing workflow. If you
have 100 tests that use one primary method and the whole process is described
there that means that if you want to support 20 different use cases, you need to have
lots of conditions in your code. Usually, the conditions tend to make the code more
complex and less maintainable. Also, design as previously described will not follow
the Open Closed Principle that states that software entities should be open for
extension, but closed for modification. Every change in this imaginary method can
FFFSOG Ffft 2F (KS dSada GKFd dzasS Adoe . Sa
add new steps quickly without the possibility to affect all other tests.

For example, you want to add a new assert for the new tax applied on the last step of
the shopping cart. Yowant to add it just for two tests and not affect the other.20

21



6. Learning Curve

Assessment System Criteria

If a new member joins your team and he needs to read 100 pages long

documentation before he is ready to write his first te®.eveng 2 NBS A F &2dz R
have any documentation and you need to spend countless hours teaching each new
member how to start writingThis means you have a poor test framework API

learning curve.

22



When the assessment system was designed most of our tests shared the currently
SESQOdzi SR (SadqQa RIGF GKNRdAK | adraad Ot
components of the design did not need to use the whole information so we decided

to include the principle to our list. For example if you have a clienthibae first, last

name, email, country and so on. And you have a test for resetting a password. If you

pass only the email everything is ok but if you need the whole object this is a
problem

23



8. Keep It Simple Stupid KISS

Mt |

“Any fool can write code that a computer can
understand. Good programmers write code that humans ‘ B poiso chunbes
can understand.”

- Martin Fowler

Assessment System Criteria

Keeping things simple is, ironically, not simple! It requires abstract thinkingné_et

guote Martin Fowler:

0Any fool can write code that a computer can understand. Good programmers write

code that humans can understad. ¢ KAy { | 6 2 dethowAniuch®&®®&J I &S O
have you seen that was easy to read, that was simple enough to understand?

Probably not a lot.

This is not ametricastheNB @A 2dza 2y Sad® ! yR ¢S R2y Qi | 2
apply this principle if all other criteria are equal but usually is not necessary. This is

like & electionballotage But as you will see, we are not going to use it in the

examples

24



6. Approach

' ’ .
A
v

Stages of the Hero’s Journe

¢tKS AAEGK &aGSLI 2F GKS KSNRQ&a 22daNySé Aa
causing the hero to try a new approach or adopt new ideas.

We can have lots of ideas and approaches, but we need to analyse them well and
decide which one is the best. Because of that now its is time show you how to use
our system in practice. | will use some of the real designs that we evaluated in the
past. | will shortly explain the specifics of each one of them and then | will assign
ratings for each level described in our assessment system. Further, | will clarify the
reasoning behind my rating decisions

25



Facade Based Tests

The initial versions of our tests framework utilized the facade design pattern. This is
the first design that we are going to evaluate through the proposed assessment
system.A facade is an object that provides a simplified interface to a larger body of
code, such as a class library. It makes the software library easier to use and

understand, is more readable, and reduces dependencies on external or other
code

26



Regions in Facades

#using |...

-Inamespace Telerik.Website.TestUI.Framework.Facades.Shared.ShoppingCart

{

- public class Billing

{
[Element 1

Facade Based Tests

There are not any real drawbacks, as it provides a unified interface to a set of
interfaces in a subsystem. However, the biggest problem for us was the size of the
facade files. They got enormous, like thousands of lines of code. We had to use
regions inside to separate the different parts of the code. Regions let you specify a
block of code that you can expand or collapse when using the outlining feature of the
Visual Studio Code Editor. As depicted in the image, in the Billing facade, four
different regions were used for separating the element map properties, the private
fields, and the rest of the methods.

27



Page Objects

-~
BasePage<TMap>  ~

Generic Abstract C
2 = BaseElementMap

Abstract Class
= Fields

@, driver

@, mep

= Properties 1BingMainPage | BingMainPageAsserter
¥, Map | sat cass
g =

Class
= Methods -+ BasePage<BngManPageltag > Methods

1

|
© BasePage [ @, AssertResultsCountlsAsExpected
= Properties

© Open

& oud
= Methods & ResultsCountDiv
K SearchBox

@ BingMainPage
@ GetResultsCount = Methods

@ Search ®  BingMainPageMap

Facade Based Tests

We usea slightly modified version of the patterAs you can see in the class diagram,
the page holds a reference to the element map through the Map property, inherited
from the base page class. The page implements a specific interface that defines what
actions it should be able to do. The assert methods are implemented as extension
methods of the interface of the page. As a result, we can use them directly in the
tests as normal methods provided by the concrete page.



Facade public class ShoppingCart ~‘
-

{

Desig n private readonly IItemPage itemPage;

private readonly ISignInPage signInPage;

pattern private readonly ICheckoutPage checkoutPage;

private readonly IShippingAddressPage shippingAddressPage;

public ShoppingCart(IItemPage itemPage, ISignInPage signInPage,
ICheckoutPage checkoutPage, IShippingAddressPage shippingAddressPage)

{

this.itemPage = itemPage;

this.signInPage = signInPage;

this.checkoutPage = checkoutPage;

this.shippingAddressPage = shippingAddressPage;
}

public void PurchaseItemAndVerifyWorkflow(string item, double expectedItemPrice,
ClientInfo clientInfo)
{

this.itemPage.Open(item);
this.itemPage.AssertPrice(itemPrice);
this.itemPage.ClickBuyNowButton();
this.signInPage.ClickContinueAsGuestButton();
this.shippingAddressPage.FillShippingInfo(clientInfo);
this.shippingAddressPage.AssertSubtotalAmount(itemPrice);
this.shippingAddressPage.ClickContinueButton();
this.checkoutPage.AssertSubtotal(itemPrice);

Facade Based Tests

This is thecodeof our shopping cart facade responsible for creating purchases. We
decided to use the facade design pattern in a little different way. It combines the
different pages' methods to complete the wizard of the order. If there is a change in
the order of the executed actions | can edit it only here. It will apply to tests that are
using the facade. The different test cases are accomplished through the different
parameters passed to the facade's methods.

These types of facades contain a much less code because most of the logic is held by
the pages instead of the facade itself.

29



F

Facade e
) B 1)
DeS|gn public void Purchase_ShoppingCartFacade()

{

pattern var itemUrl = "/Selenium-Testing-Cookbook-Gundecha-Unmesh/dp/1849515743";

var itemPrice = "40.49";
var clientPurchaseInfo = new ClientPu eInfo(
new ClientAddressInfo()

{

FullName = "John Smith",
Country = "United States”,
Addressl = "950 Avenue of the Americas”,
State = "New York",
City = "New York City",
Zip = "1eee1-2121",
Phone = "00164644885569"
1
clientPurchaseInfo.CouponCode = “99PERDIS";
var clientlLoginInfo = new ClientloginInfo()
{
Email = “g3984159@trbvm.com”,
Password = "ASDFG_12345"

}.
var shoppingCart = container.Resolve<ShoppingCart>();
lshopping(art.Purchaseltem(xtemurl, itemPrice, clientloginInfo, chentPurchaseInfo);l

Facade Based Tests

Thisis a sample usage of the facade in tests. First we need to initialize all required
parameters! FGSNJ G KI 0 &2dz aayLit e OFff GKS YIAY
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7. Test, Allies, Enemies

P
),
- %‘lr

Stages of the Hero’s Journey

| SNE Aad GKS TUO0K aGSLI 2F (KS KSNRQa 22 dz2Ny
rules of his new world. He meets friends and comes face to face with foes.

The analogy here with the talk is that after we came up with some new idea or

design. We need to list all of the great things about it that can help us and all of the

bad stuff (the foes) that can harm us during the time

31



Pros - Cons
R

Hide complex logic

Simplify tests’ creation
Workflow’s changes- single place
Enormous files

Huge constructors

Not clear tests’ workflow from test’s body
Affect a large number of tests

Hard to orient- new people

v -

Facade Based Tests

The Prosarethatk S FI OF RSa KARS (KS O2YLX SE GS&aiz:
andthev@ NJ ¥t 246 Qa OKlIy3ISa KILWLISY Ay | aiay3ats
TheCons are thatheir files areenormous in size and haveige constructors. The
G6SaitiaQ 62N} Ft26 Aa y20G Ot SIFN RANBOGf & TN
affect a large number of tests. Finallyis hard for new people to orient themselves

in the large files
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1. Maintainability = 4

public void PurchaseltemAndVerifyWorkflow(string item, double expectedItemPrice,
ClientInfo clientInfo)
{ Facades
this.itemPage.Open(item);
this.itemPage.AssertPrice(itemPrice);
this.itemPage.ClickBuyNowButton(); . inabili
this.signInPage.ClickContinueAsGuestButton(); Maintai Illty .
this.shippingAddressPage.FillShippingInfo(clientInfo);
this.shippingAddressPage.AssertSubtotalAmount(itemPrice); Readab"ity
this.shippingAddressPage.ClickContinueButton();
this.checkoutPage.AssertSubtotal(itemPrice); Code Comple it
Index
Usability
Flexibility
Learning Curve

Least Knowledge

Facade Based Tests

The maintainability is Very Good. The troubleshooting and adding new features to the
facades is straightforward. However, the rating is not marked as Excellent because
you can easily introduce a regression in the existing tests with small changes in the
facade



2. Readability £

. S
> .
" 4 -
var shoppingCart = container.Resolve<ShoppingCart>();

shoppingCart.PurchaseItem(itemUrl, itemPrice, clientlLoginInfo, clientPurchaseInfo);
Facades

Maintainability 4
Readability 2

Code Complexity
Index

Usability
Flexibility
Learning Curve

Least Knowledge

. _—
Facade Based Tests

The readability is evaluated as Poor. The tests contain much less code compared to all
other solutions. However, as you call only a single method from the fagade in the
tests, it is not clear to the user what this method is doing under the hood. Further,

due to their large sizes, the facades are relatively unreadable and it is not an easy job
to find something inside them

34



3. Code Complexity Index =3

Facade Class

AVG Maintainability Index = 67 =

AVG Cyclomatic Complexity = 146 =

AVG Class Coupling = 98 = N Facades
AVG Depth of Inheritance =2 = .

Code Complexity Index Rating = 9/4 = 2.25 = a g Maintainability 4
Facade Tests
AVG Maintainability Index = 77.94 =

AVG Cyclomatic Complexity = 3.9 = ﬁ::;i Complaxty
AVG Class Coupling = 12.3 = Usability

AVG Depth of Inheritance = 5= Flexibility

Code Complexity Index Rating = 17/4 =4.5 = Learning Curve
AVG of both = Least Knowledge

Readability 2

3

Facade Based Tests

The facade classes have a poor index because they are large in size and they depend
on lots of other classes such as other facades and lots of pages. On the opposite, the

G6SaitaqQ OfraasSa IINB FIFIANI @ &aK2NI Ay aal s
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4. Usability

var itemPrice = "40.49";
var clientPurchaseInfo = new ClientPurchaseInfo(
new ClientAddressInfo()

{

FullName = "John Smith",
Country = “United States", Maintainability
Addressl = "95@ Avenue of the Americas”,
State = "New York", - Readability
City = "New York City",
Zip = "10001-2121", Code Complexity
Phone = "@0164644885569" Index
R Usability
clientPurchaseInfo.CouponCode = "99PERDIS"; R
var clientLoginInfo = new ClientlLoginInfo() Flexibility

Email = "g3984159@trbvm.com”, Learning Curve

Password = "ASDFG_12345" Least Knowledge
};

Facade Based Tests

——

The usability is Very Good. The writing of new tests is straightforward. The rating is
not Excellent just because the user has to initialize the tests context upfront

36



5. Flexibility =1

string itemUrl,
string itemPrice,
fo clientlLoginlnfo,
fo clientPurchaseInfo)

this.itemPage.Navigate(itemUrl);

this.itemPage.ClickBuyNowButton();
this.previewShoppingCartPage.ClickProceedToCheckoutButton();
this.signInPage.Login(clientLoginInfo.Email, clientlLoginInfo.Password);
this.shippingAddressPage.FillShippingInfo(clientPurchaselInfo);
this.shippingAddressPage.ClickDifferentBillingCheckBox(clientPurchaselInfo);
this.shippingAddressPage.ClickContinueButton();
this.shippingPaymentPage.ClickBottomContinueButton();
this.shippingAddressPage.FillBillingInfo(clientPurchaseInfo);
this.shippingAddressPage.ClickContinueButton();
this.shippingPaymentPage.ClickTopContinueButton();

double totalPrice = double.Parse(itemPrice);
this.placeOrderPage.AssertOrderTotalPrice(totalPrice);

Facade Based Tests

Facades
Maintainability
Readability

Code Complexity
Index

Usability
Flexibility
Learning Curve

Least Knowledge

The flexibility is Very Poor. If you change some of the existing workflows, you will
affect all existing tests and possibly create regression issues. If you need to create
custom workflow you have to add custom public workflow method which makes the
already large facade even bigger. You cannot change or customise the already

constructed workflows on a test level

37



6. Learning Curve =3

var itemUrl = " m-Testing-Cookbook-Gundecha-Unmesh/dp/1849515743";
var itemPrice = "40.49";
var clientPurchaseInfo = new t fo(
new ]
{
FullName = "John Smi
Country =
Addressl =
Maintainability

Readability
N Code Complexity

clientPurchaseInfo.CouponCode = "99PERDIS"; Index
var clientLoginInfo = new t fo() -
Usabil
{ =
Email = " 8 .com”, Flexibility
Password 45" i
¥ Learning Curve
H
var shoppingCart = container.Resolve< t>(); Least Knowledge
shoppingCart.PurchaseItem(itemUrl, itemPrice, clientloginInfo, clientPurchaseInfo);

Facade Based Tests

Facades

4

2

There are two tricky parts with the approach. First, you should know how to initialize
the test context correctly. Secondly, if there are multiple public workflow methods,

you should be aware which is the most appropriate to. call

38



7. Principle of Least Knowledge b

var itemUrl = "/Selenium-Testing-Cookbook-Gundecha-Unmesh/dp/1849515743";
var itemPrice = "40.49";
var clientPurchaseInfo = new ClientPurchaseInfo(
new ClientAddressInfo()
{
FullName = "John Smith",
Country = "United States",
Addressl = "950 Avenue of the Americas”,
State = “New York",
City = “"New York City",
Zip = "10001-2121",
Phone = "00164644885569"
b
clientPurchaseInfo.CouponCode = "99PERDIS";
var clientLoginInfo = new ClientLoginInfo()

Email = "g3984159@trbvm.com”,

Password = “ASDFG_12345"
IH
var shoppingCart = container.Resolve<ShoppingCart>();
shoppingCart.PurchaseItem(itemUrl, itemPrice, clientlLoginInfo, clientPurchaselInfo);

Facade Based Tests

il e /

Facades

Maintainability 4
Readability 2
Code Complexity 3
Index

Usability 4
Flexibility 1
Learning Curve 3
Least Knowledge 2

' l' l39

The fagade has access to the whole test context which is usually enormous in size.

Not all methods need all of the information present in the test cont®ecausef

that the rating is marked as paor
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Behaviour Based Tests

Now it is time topresent to you the second design that | am going to evaluate
through the assessment system. | named it Behaviour Based Tests
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Abstract Behavior

public abstract class WaitableActionBehaviour : IBehaviour

{

public void Execute()

{
this.PerformAct();

this.PerformPostActWait();
}

protected abstract void PerformAct();

protected abstract void PerformPostActWait();

Behaviour Based Tests

In general, one behaviour executes a page specific workff@nforms actions and
walits for a condition. There are different types of behaviearsions only, asserts
only, combining both or adding additional pre/pestit conditions (wait for the page
to load or wait for an element to be visible). @ slide you can find the base class

for all behaviours that first execute an action and then wait for something to happen.
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Concrete Behaviour

public class PreviewShoppingCartPageProceedBehaviour : WaitableActionBehaviour

{

private readonly PreviewShoppingCartPage previewShoppingCartPage;
private readonly SignInPage signInPage;

public PreviewShoppingCartPageProceedBehaviour()

{

this.previewShoppingCartPage =
UnityContainerFactory.GetContainer().Resolve<PreviewShoppingCartPage>();
this.signInPage = UnityContainerFactory.GetContainer().Resolve<SignInPage>();

i

protected override void PerformAct()

{
this.previewShoppingCartPage.ClickProceedToCheckoutButton();
}
protected override void PerformPostActWait()
{
this.signInPage.WaitForPageToLoad();
}

Behaviour Based Tests 42

The concrete implementation of a particular behaviour does not have to override all
olasS OflaaQ YSiK2Hwdtandaskertingi®dsRvailag theLJ2 & G k L.
class can override only one of them). The behaviours hold private instances of all
dependent pages or other services. There are initialized in the behaviours

constructors through Unity IoC container.
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public class ShippingAddressPageFillShippingBehaviour : ActionBehaviour

{

private readonly ShippingAddressPage shippingAddressPage;
private readonly ClientPurchaselInfo clientPurchaselnfo;

public ShippingAddressPageFillShippingBehaviouri(ClientPurchaseInfo clientPurchaseInfo

{

}

protected override void PerformAct()

{
}

Behaviour with Parameters

this.shippingAddressPage = UnityContainerFactory.GetContainer().Resolve<ShippingAddressPage>();
this.clientPurchaseInfo = clientPurchaselnfo;

this.shippingAddressPage.FillShippingInfo(this.clientPurchaselInfo);

Behaviour Based Tests

The specific behaviours can accept custom parameters if needed.
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Behaviours Usage in Tests

[TestMethod]
public void Purchase_SimpleBehaviourEngine()

{
var itemUrl = "/Selenium-Testing-Cookbook-Gundecha-Unmesh/dp/1849515743";
var itemPrice = "40.49";
var clientPurchaseInfo = new ClientPurchaseInfo(clientPurchaseInfo.CouponCode = "99PERDIS";

var clientLoginInfo = new ClientLoginInfo();
PerfectSystemTestsDesign.Behaviours.Core.BehaviourExecutor.Execute(
new ItemPageNavigationBehaviour(itemurl),
new ItemPageBuyBehaviour(),
new PreviewShoppingCartPageProceedBehaviour(),
|  new SignInPagelLoginBehaviour(clientLoginInfo), i
new ShippingAddressPageFillShippingBehaviour(clientPurchaseInfo),
new ShippingAddressPageFillDifferentBillingBehaviour(clientPurchaseInfo),
new ShippingAddressPageContinueBehaviour(),
new ShippingPaymentPageContinueBehaviour(),
new PlaceOrderPageAssertFinalAmountsBehaviour(itemPrice));

Behaviour Based Tests

The behaviours are added as a list to a special behaviours executor that is responsible
for executing them in the appropriate way. If the behaviour depends on any data, it is
passed to its constructor.



Pros - Cons

Readable
See granularly workflow’s steps
»

Behaviour Based Tests

The behaviours are readable. Using them, you can see more granularly the different
steps from the workflow
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Pros-Cons (1)

[TestMethod]
public void Purchase_SimpleBehaviourEngine()
{
var itemUrl = "/Selenium-Testing-Cookbook-Gundecha-Unmesh/dp/1849515743";
var itemPrice = "40.49";
var clientPurchaseInfo = new ClientPurchaseInfo(clientPurchaseInfo.CouponCode = "99PERDIS";

var clientLoginInfo = new ClientLoginInfo();
PerfectSystemTestsDesign.Behaviours.Core.BehaviourExecutor.Execute(
new lavigationBehaviour(itemUrl),
new
new

ngCartPageProceedBehaviour(),

new S nBehaviour(clientLoginInfo),

new ShippingAddressPageFillShippingBehaviour(clientPurchaseInfo),

new ShippingAddr PageFillDifferentBillingBehaviour(clientPurchaseInfo),
new Shippi Conti ehaviour(),

new S C ()

new PlaceOrderPageAssertFinalAmountsBehaviour(itemPrice));

}
Behaviour Based Tests A 46

If you do not want to perform some of the asserts mwarkflows you just do not

include its behaviour in the list.

The principle of least knowledge is followed because you pass only the required data
02 GKS 0SKIFI@A2dz2NEQ O2y aidNHzO02NER D



Pros - Cons (2)

Behaviours
Core
ItemPageBuyBehaviour.cs
ltemPageNavigationBehaviour.cs
PlaceOrderPageAssertFinalAmountsBehaviour.cs
PreviewShoppingCartPageProceedBehaviour.cs
ShippingAddressPageContinueBehaviour.cs
ShippingAddressPageFillDifferentBillingBehaviour.cs
ShippingAddressPageFillShippingBehaviour.cs
ShippingPaymentPageContinueBehaviour.cs
SigninPageloginBehaviour.cs

Behaviour Based Tests

However, dot of new classes are introduced. Tiveting of new tests is slower

because now you have to initialize all required behavioline process of test

GNAGAY3I A& Y2NB SNNBNI LINRYLW: o0SOldzasS @&2dz
gNRYy3a @Ol tdzSa G2 az2YS 2F (0UKS o0SKIGJA2dz2NBQ
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1. Maintainability =5

public class

{
private readonly signInPage;
private readonly i shippingAddressPage;
private readonly fo clientLoginInfo;

Facades Behaviours
public SignInPageloginBehaviour(
fo clientLoginInfo)

Maintainability 5

protected override void PerformPostActWait()

Readability

this.shippingAddressPage.WaitForPageToload(); =
} Code Complexity
Index
Usability
Flexibility

protected override void PerformAct()

this.signInPage.Login(this.clientLoginInfo.Email, L ing C
this.clientlLoginInfo.Password); earning Curve

Least Knowledge

Behaviour Based Tests

The maintainabilitys marked as»eellent. The behaviours are minorkflows for

some use cases. If the use case should be changed, it is edited only here. As the
behaviours are added only on demand, there are not executed for every case. If you
fix one behaviour, the change will affect only the tests that are using it
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PerfectSystemTestsDesign.Behaviours.Core. iourEx tor.Execute(
new It geNavigat (itemurl),
new It viour(), ! Facades Behaviours
new art c y ()!
new Sig 18 gi (clientLogininfo),
new id 1Shipping (clientPurchaselnfo), Maintainability
new jdre ageFi iff tBil avi (clientPurchaseInfo),
new ippi id 3 t eha i 3 -
new g tPageContinue (), Readability
new ia € g tFinal t €
Code Complexity
Index
Usability
Flexibility
Learning Curve

Least Knowledge

u." -
Behaviour Based Tests

»

The readability is evaluateasVery Good. As the names of the behaviours are self
describing, you can guess their use c&dereover, as you list multiple behaviours
to define the bigger workflow, the order of the steps is directly visible to the reader



3. Code Complexity Index = 4

Behavior Classes

AVG Maintainability Index = 79.68 =

AVG Cyclomatic Complexity = 5.2 =

AVG Class Coupling = 2.1 = Facades Tl Behavicans
AVG Depth of Inheritance = 9.68 =

Code Complexity Index Rating = 20/4 =5 = Maintainability

Behavior Tests
AVG Maintainability Index = 67.90 =

AVG Cyclomatic Complexity = 2.45 = ﬁ‘%:i Somolexdy
AVG Class Coupling = 25.3 = Usability

AVG Depth of Inheritance = 5= Flexibility

Code Complexity Index Rating = 14/4 =3.5 = Learning Curve
AVG of both = Least Knowledge

Readability

Behaviour Based Tests

The behaviour classes are small and simple. However, the tests classes are more
complex because you need to initialize theK 2 £ S 0 SKI A 2dzZNAQ SESOd
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iours.Core.BehaviourExecutor.Execute(
iour(itemurl),

edBehaviour(),

ur(clientLoginInfo),

~(clientPurchaselnfo), Maintainability

Behaviour(clientPurchaselInfo),
o, Readability
shaviour(itemPrice));
Code Complexity

Index
Usability
Flexibility

Learning Curve
Least Knowledge

The test framework API is not so complicated to be used. However, you should know
the exact name of the behaviours that you want to specify in the large workflow.
Moreover, you should be aware of their correct order. Mistaking the order of some of
the steps is possible. The writing effort is because here, you need to initialize multiple
new classes



5. Flexibility =5

Behaviours
Core
* ItemPageBuyBehaviour.cs
* ItemPageNavigationBehaviour.cs
* PlaceOrderPageAssertFinalAmountsBehaviour.cs
* PreviewShoppingCartPageProceedBehaviour.cs Facades Behaviours
* ShippingAddressPageContinueBehaviour.cs
* ShippingAddressPageFillDifferentBillingBehaviour.cs
* ShippingAddressPageFillShippingBehaviour.cs ¥ Maintainability
* ShippingPaymentPageContinueBehaviour.cs
* SigninPageloginBehaviour.cs Readability

PerfectSystemTestsDesign.Behaviours.Core. xecutor.Execute( Code Complexity

new (itemurl), Index
new It 0,

e t 0, Usability

new (clientLoginInfo), FIeX|b|Ilty
new i (clientPurchaselnfo),

new ff t (clientPurchaselnfo), Leaming Curve
new t

g 5 ’ Least Knowledge

new t (itemPrice));

Behaviour Based Tests

If you want to skip some of the optional miai2 N Ff 2643 &2dz 2dzald R?2
GKSY (2 GKS SESOdziSNRa OKIAYyd ¢KS &l yY$S A
workflow that is valid only for a small limited amount of use cases. You just need to

create the behaviour and add it to the list of behaviours for this particular.case
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6. Learning Curve = 4

Facades
Maintainability
Readability

Code Complexity
Index

Usability
Flexibility
Learning Curve

Least Knowledge

Behaviour Based Tests

The learning curve for the test framework API is average because the user should
know the exact order of the behaviours.

Moreover, should be familiar with the correct names of all behaviours and which
exact implementation want to calllhere might be more than one implementation
where it is slightly different.
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7. Principle of Least Knowledge B

N rre ?

Behaviour(), Facades Behaviours
oginInfo),
ehaviour(clientPurchaseInfo),

gBehaviour(clientPurchaseInfo), Maintainability 4 5

A

new ItemPag
new
new
new
new
new

Readability 2 4

Code Complexity 3

Index

Usability 4

Flexibility 1
3
2

Learning Curve

o & O s »

Least Knowledge

r | V |,

Behaviour Based Tests

You pass only the required parameters to the concrete behaviours. So the rating is
marked as excellent
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The next design that we will evaluate through the system is a design where the tests
are written using SpecFlow.
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Feature and Scenario

eature: Create Purchase in Amazon
In order to receive a book online
As a client
I want to be able to choose it through the browser and pay for it online

Scenario: Create Successfull Purchase When Billing Country Is United States with American Express Card

When I navigate to "/Selenium-Testing-Cookbook-Gundecha-Unmesh/dp

And I click the 'buy now' button

And then I click the 'proceed to checkout' button

And I login with email = “"g3984159@trbvm.com"™ and pass

And I type full name = “"John Smith", country = “"United States" "950 Avenue of the Americas",
And I choose to fill different billing, full name = "John Smi "United States”, Adress =
And click shipping address page 'continue' button

And click shipping payment top 'continue’ button

Then assert that order total price = "48.49"

\

SpecFlow Based Tests

The SpecFlow uses the Gherkin DSL to describe the behaviour of the system using
humanreadable syntax. It uses the-salled specifications where the test scenarios
are described through Gherkin sentences. On build, the DSL is compiled to MSTest
tests.
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Binding Methods

public class

{ I[ (@"I navigate to ""([ "";->“"")]l

public void NavigateToItemUrl(string itemUrl)

{

var itemPage = t t t .GetContainer().Resolve<
itemPage. Havxgate(xtemurl)

}
[ (@"I click the "buy now' button™)]
public void ClickBuyNowButtonItemPage()
{

var itemPage = t t .GetContainer().Resolve<I
itemPage. Clx:kBuylwautton()

[ (@"then I click the ‘proceed to checkout’ button™)]

public void ClickProceedToCheckoutButtonPreviewShoppingCartPage()

var previewShoppingCartPage = t t .GetContainer().Resolve<
previewShoppingCartPage. ClxckProceedToChcckoutButton()

SpecFlow Based Tests

Another thing you have to do is to define binding methods for every sentence used in
your scenarios. Otherwise, the tests will fail. These bindings are defined in standard
C# classes marked with Bindings attribute. Each step method is marked with step
GeLIS FOGONROGdzGS O2y il AyAy3d (KS adSLIQa NB3I

3 I8gic @& called. This way every step defines and executes a small part of the
0SaiQa 2Ny Fit26d 2A0K GKAA | LIINZFOK 2F
exist.
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There are so called hooks classes where a different pre/post execution logic can be
defined by a run, feature, step block or step level.

For example, here we start a browser before each test and register all needed pages
as singletons for the test. After that, we close the browser
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