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From Manual Testing to Intelligent Test Automation
e Where Are We Today?

e Evolution of Software Testing
e From Manual Testing to Automated Test Design

e Evolution of Model Based Testing

3 Generations of Test Automation with Model-Based Testing

e Artificial Intelligence in Testing
e [ntelligent Test Automation
e The Future of Testing
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Most of Today’s Testing is Still Done Manually

What percentage of your test execution is automated?*

More than 80% 10%
Between 41% and 80% 12%

Between 20% and 40% 15%
Less than 20% 56%

We do not automate 7%

*From an Enterprise IT Poll in Europe
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Even More Dramatic: Enterprise IT Testing Market 2017

Automated Testing: S30BN

... of which only tools: S3BN
... of which only test execution: 60%

Total Size:

$150BN (14% CAGR) Manual Testing: $120BN (!)

Sources include:
1) Dimensional Research, Testing Trends in 2017 2) Technavio Global Software Testing Market, 2017 3) Zion Market Research, Test Automation Market by Test Type, 2017 4) Capgemini, Future of Testing: Career Opportunities, 2016 5) Nelson Hall, Software Testing Services Report, 2017
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Product Development Is Moving Faster Every Day

Daily
Stand-up

Sprint

2-4 weeks

Product Backlog Sprint Backlog lteration

Potentially shippable
product increment
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There Is Too Much to Test & Not Enough Time

Then...
o * One computer platform
e :j“) * OneOS
O — - * Oneapp
B et == E * One browser
= "’r ®* One release per year
| Now...
_ Eﬁ * Many platforms (PC, tablet, phone, cloud, voice ...)
1; = - ,.", * Multiple OS (Win, iOS, Android, Chrome, legacy, ... )
= S = * More connected apps

Multiple browsers (Chrome, IE, Firefox ...
Multiple releases (every month or sooner)
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Integrations, Complexity & Manual Are Top Challenges

Top 7 challenges in Application Development

50 - W 2016 [ 2015
45%

43% 42% 42%
41%
10 1 39% 39% B
329

30

23% A 229 22%
20 -| 18% ]
10
0 : .

Lack of effective Too much Difficulty Lack of access Rellance on Manual Lack of effective
build/integration | |design complexi integrating to dev and manual testlng environment  release candidate

automation new applications test management  quality information
with the existing  environments and deployment
application
ecosystem Source: 8 Edition of World Quality Report 2016-17
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FASTER
BETTER
CHEAPER
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Evolution of Software Testing

Model Based Testing (MBT)

Automated Test Design

Test Models

Keyword Driven
Testing Frameworks

Testing Efficiency

Test Scripts
Capture/Replay

Manual Testing
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Manual Testing

e “Itis cheap”! Anybody can do it!

e |tistime consuming,
ineffective, and error prone

e |tis still not (yet) replaceable

e When tests are hard (or too
expensive) to automate

e Exploratory testing (with data)
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Test Scripts and Capture Replay

INEle i, e Automatic execution!

e |nteractions have to be manually
performed or coded

e But capture/replay is still driven
by manual testing ©

e Scripting requires special skills

e One small change in SUT requires
re-recording or re-coding
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(Keyword Driven) Testing Frameworks

e Simpler to use, understand & maintain

e Allows reduction of required skills for
test specification down to Excel!

e Keywords are reusable & tests become
retargetable!

e Still requires (highly) skilled automation

" Input ARTAVIRSI team for scripting keywords
1 f not os.path. Example:
ol Login (username,password)
StartVehicle ()
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Test Models (MBT)

| <SUT>sut:ct|g:gt I | <Tester> tester

ictlg:gt ‘
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e Generally graphical representation of

control flows instead of coding

|
|
n
+
|
|
|
|
|
o

B--4--]--4
" - - =]

Fnwaran ETSI ES 203 119-1 vizoaowss

i

e Easier to adopt & review than scripts

e (Can be generated from manual test
descriptions or test plans

e Allows generation of (partial) scripts
and documentation

e Still user is responsible for test design
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Automated Test Design (MBT)

P [ErEw—— e Specify functionality to be tested
| L@ and generate optimal test coverage
‘Lugm
IEEEr o R, S (I TN e Generally graphical representation

| & CB: 'Sign in' Button

of control and data aspects

e Basically full script & documentation
Don't model tests; model the functionality to be tested! generation from generatEd tests
When you model the functionality to be tested you can create .
a model capable of representing every test for that e Now manual testers can EffECtIVEW
functionality. It is a much smaller task, since the number of all . .
possible tests is very large and change behind your back, contribute to test automation

which means test models will become obsolete the moment
they are made.

(adopted from Monica Anderson “Don’t model the World; Model the Mind”)
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About Model-Based Testing (MBT)

Modeled
Functionality

Real
Functionality

Synthesize

e Umbrella term for using models in a testing context; only one approach is
to use MBT for automating test design
e MBT complements test execution
e Recognized by worldwide industrial standards (ETSI, ISTQB)
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Test
Standard
andards J Design People/*

ISTOB

flzre Loa—
Test .
Modelin
Process J Technology  \\ )

ETSI S i
— Generation
Werld Ciass Standerds asset reuse

SDLC Tool Integrations

modeling, ALM, test execution, CI

Automated Test Design
combined algorithms
symbolic state space exploration
constraint solving

Algorithms
graph traversal, pairwise = General Purpose | Domain Specific
) Languages Languages
Programming code graphical + code fully graphical
T T T
1970 MBT 1.0 MBT 2.0 MBT 3.0
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Automated Test Design: Planning & Searching

Constructs tests fromthe
explored part of the state ~ TUw w0

-~
~
~
SO ~
~,
.,
.,
~

space by selecting paths N . P /7"
that leads to testing goals s 4 N

Test generation algorithm
searches the state space
for testing goals, defined
by the end user

4

f

Model behavior

) ) / implies typically

infinite state space
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Automated Test Design: Reasoning & Problem Solving

Models interact with an
unspecified environment Gpon ey cesaue )

o e o Test generation reasons about
via inputs and outputs I NewAccounttom e
éﬁDSI ‘dccount Created' Screen u nspeclfled I n put d ata a n d
(G derives a concrete data based
/DS 'Login' Screen  valio? T .
{,D FF: 'User Info' Farm © Jg\ usernar‘ﬁphanchDDse Transfer On mOdeled |Og|c
' £ CE: 'Sign in' Button
E" B 21l Users ['User Info' Form) Erse ¢ G e n e ra | |y' CO n St ra i nt SO |Vi n g

LSEF NAIME &,
passward ¢,

theory is applied for computin
».theoryisapp puting

unspecified input data

Models describe the
expected external behavior
of the system under test
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Automated Test Design: Finding Important Tests

e Predict the ways the system may fail

e Combine large set of heuristics
® Equivalence classes
® Boundary value analysis
® Combinatorial testing
® Mutation testing

® And more...

e Know what do not cover!
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MBT 1.0:

MACHINE purse
SETS BOOLEAN = {true,
CONSTANTS max tries

false}

B

User Conference on
Advanced Automated Testing

PROPERTIES max tries € N A max tries = 3
VARIABLES balance, pin, tries, auth
INVARIANT
balance € N A balance > 0 A pin € -1..9999 A tries € 0
INITIALIZATION balance := 0 k pin := -1 k tries := max g
OPERATIONS
SW « SET PIN(p)
SW « VERIFY PIN(p)
5W « CREDIT (a)
sW « DEBIT(a)
END

(define quotient
(lambda (a b)

(let ((c (/ a b)))

(if (> c 0)

(floor c)
(ceiling ¢)))))

(define remainder
(lambda (a b)

(- a (* (quotient a b) b))))

lisp

... via some graphical & a lot of
general purpose programming

(~7 yrs ago) ...

ETSI7___
N\ ¥
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Modeling Notation is Adoption Hurdle

From
functional programming
(10+ years ago) ...

R

52 DoorGown )

using System;
using System.Collections.Generic;
using System.Text;

using System.Linq;
using Microsoft.Modeling;

C#

namespace Example1 {

static class AccumulatorModelProgram {

static int accumulator;

[Rule(Action = "Add(x)")]
static void AddRule(int x) {
Condition.IsTrue(x > 0); accumulator += x;

}

CAYSREQUESTED: | NEGATIVE or p_dsys = DAYSREQUESTED::NONE) then

nEndofmownl
stwopMotar)

class GarageDoorController extends StateMachine

—b [ sibooiup |
F—m —

‘ SOV (55 Door Gpening

/** The default constructor. */
public GarageDoorController() { }

inConteisic
tarthtotert

public void startMotor( String direction ) {
MotorStart start;
start.direction = direction;

out.send( start );
Java
public void stopMotor() {

MotorStop stop;

InLaserBearmlly
FeverseMotorD.

i ControlSgnal

StOpMOtor):

inContralSgralll
startororT BN i Conreish

sopMaton, )

o Door Stoppedcaing Up |

InConsisignalny
statMotor"up").

53 Doar

if (p_davs = out.send( stop );
[Rule(Action = "ReadAndR --—@AIM: days input error 1
staticint ReadAndResetRu self .mess = MEG: :INVALIDDAYDATR and
Condition.IsTrue(accum self .days = DAYSREQUESTED: : HONE public void reverseMotor( ) {
intoldValue = accumulag ] 5 O C L MotorReverse reverse;
retum oldValue; ~—_@ATM: correct form content out.send( reverse );
} ) self .mess = MSG: :NOWE and }
) self .days = p_davs
endif }
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Today We Use Domain Specific Modeling Languages

= e Designed specifically to use
tester’s language, concepts &
’ " terminology

e Easy to use: drag & drop building
blocks to compose functionality

[ZUGUI Screen Bl Web Service LF Custom Action
& Parameter String  Parometer  Strin . . .
Srem g ® Enabllng direct automation
O [ Mobile Enter Text B Mobile Display Text
# text - String ® screen name String
@ text - Sting . .
- — e Flexible and extensible
[ Mobile Display Object
‘D Mobile Press BACK # screen name - String
“Ir Window Input Signal Back door ® abject type - String
s : String ® object name - String PY °
o5 e ee diso utoria
& Status - Embedded OK Status Embedded OK Status
& Open
“Ir Doors Output Signal Left door & Closed
@ Status - Embedded OK Status @ Unknown
@ Id - Number
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MBT 2.0: Enabling Test Process Automation

ALM / Requirement Management ALM / Test Management

MBT

= TT—

/ E

Test Execution / Cl

(00
e MBT is not just about test generation! l</5]

e MBT integrates & connects with requirement & test management,
versioning control, and test automation/Cl integration
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MBT 2.0

Still Every New Project Starts Like T
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ctivity Dia

FFFFF

FFFFFFF

BBBBB

ooooooooooo

VVVVV

VVVVVVVV
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MBT 3.0: “Eliminating” Modeling

Test Data Requirement == Test
Management Management Management

&Er
Gherkin T S———
Flowchart Test Design Test
— E I-NI Execution
—] | Man Tests 290 %f" f}

Test Plans
Ul/mainframe

SOAP/REST
\ Version Control

Complete End to End Test Process Automation with MBT

User Conference on
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Test Reverse Engineering

[ X T X T X T X 1 Z T f T X ] e Readers normalize test input format
[ S 2. N 2 2 |

)G @GE &8 ) &3 e Keywords are identified from test

(e (o) ) 8 0 e steps using Natural Language

Processing (NLP)

e Redundant tests and subtests are
eliminated

e Tests are converted into flows and
merged

User Conference on
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[ALM] Test Plans: Excel as Input to MBT

‘@d9-o-s vy [ - o) Test suite optimization during import:
IR o et Paelwos  Fomuss  Dta Reew  View  Derelope c@=@m - Reduction in Tests: 0%
P o o AN TP T e . E ¥ 5 ;hxf? . ; }T A - Reduct!on !n Inp_uF Ac_tions."'l'_est Steps: 43%
e ‘; By OcA- BEEEE E @on o @ Gnste fom co 3:;:.; 2. fona ez - Reduction in Verification Actions/Expected Results: 29%
Jppows s 3 signment 3 Humer . tytes ¥ ,7 - Reduction in Total Generated Keywords: 36%
M6 v (8 b3 v

i D E
1 Description Step Name Test Step Description
Add quantity and
2 checkout Open Url

: Import & Refine

(28) ESD_Manual_tests Tests.ad 53 | =n

Add items to «|q
: ke t Generate Tests

v
5 Checkout I e €
L2 s ety Enter Urr Denteans]
6| Adding invalid sku Open Url ] e
Add items to e ot cogots | @ Kopeert o
L7 shopping bask ]; Test Information
Add items to Sk ok Tost Stess o —
8 shopping bask . N - e
- g1 e an Srart e st s et st e b Kepwrdbame VIR Vachy appication diplaysinea sty ACTION
MOV H] Tests (83 B vac vty Cickon Sarnks 1 PRV s ooy ey Pt
Reaty | T3 [N tute Cozezn Stanine 2.1 s s logged in sus sy Tabe Scrmenshat
—_— O 3. PIRFORM car adch a1

O 2. VEREY Vet spphcation gty v sy o

[rpr—— B Ovmitse
3 PR . s 13
FI T T — 3

[EnterS60 3 an quanttyss checon Add toahopging Budest tian | [Enter 6 as and quantty s <ickon Add to shcpying et Eutten 3 [T

P e e F e
2 VA ey Entar SXU 25 ane quanty 3z cickan Ade te 1
B0 o S 2 e quanty 2 ik on A svzppi

oS 3 ans ey 1 e Szt e © =
g Ve arty ovan S 32 3 quantny 2z smczn dmztn

R e P S ——— [ E xe c u te !

L Crassm maman
L8 ety e Costezin s
[T —

G Tt Sy Tt Descption
z ¥
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“BDD”: Gherkin as Input to MBT

) ; ; Summary of Conformiq test suite optimization:
Feature: Shopping with esd.conformiq.com Reduction in Tests: 34% See a ISO se pa rate
Reduction in Input Actions/Test Steps: 20%
PR s Reduction in Verification Actions/Expected Results: 43% 1
Scenario: Successful shopp:l.ng Reductien in Total Generated Keywords: 36% H U STE F E res / VI d eo

Given a user has logged in successfully
When user adds 1 item(s) of "CQO003"
Then shopping basket contains 1 item(s)

Import & Refme

Goven 2 user has ogged in succesafully

Scenario: Bad product id

Generate Tests
Given a user has logged in successfully
When user adds 3 item(s) of "123"

Then application displays invalid entry

(Event ot | (o Tesha sadded iams ol 438 03 = Tec-Useradds L e s of CS0003 | O Ko - PERFORM use 3 o5

Scenario: Remove item T v s o 18 B
L “user adds 1item s of CQPD. L 1 “user adds 3 ftem s of 123 Tk Seeensht
. . 0 s o sk e of €0, ) A e a3 tom s o 123 P
Given a user has logged in successfully
When user adds 1 item(s) of "CQ0003" . v E L
Then shopping basket contains 1 item(s) r’"f‘”“":""“’“‘“"’"‘ ] r'”‘_"""“'"ﬂ:“""”“‘:"”’
2 23 Ve Vet hopping beukt con. @ Vi ~vertysopicaton depers .
When user clicks Remove all button for T — 0 spaton sspoys watd | ™
item "CQO003" —
Then shopping basket contains 0 item(s) P
(o e s P st o8
ks Remave all battan for Rem ... L E t l
Xecute:
T T .
[ vy oo e o
“Sioedpstingl | @
—_3

Fingl Nods 0

Ovenien Tt St Tes Do
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MBT Trends in 2017: Modeling in Prose

e Low end MBT tools are pushing very simple, prose based modeling
notations into the test tool market

e Arguably domain specific modeling still has the edge as it enables a direct path to
automatic test execution (today not possible from prose)

e Users have started to perceive domain specific modeling (= creation of
building blocks) as a burden when it comes to modeling

e Model generation from test assets (reverse engineering) has addressed this issue but
not removed it

e Frequent use of extension points (“custom actions”) is diluting the
value proposition of domain specific languages

e Prose and domain specific action modeling start to mix
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Al Techniques Have Been Leveraged for (Many) Years!

e Fuzzy and Probabilistic Logic
e (lassification
e Search & Optimization

X N X

e Expert Systems

e (Deep) Machine Learning (ML)

Remember this?

Today the term “Al” is generally reduced to (Deep) Machine Learning ...

User Conference on
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More Recent: Al in Robustness Testing

code coverage

e App store testing example:
Fuzz vs search vs man+machine
e |[nitially, “break the system by clicking

Android Monkey Sapienz Dynodroid arou nd” (: ”Monkey Testing")
steps to reveal fault

e Now also combination of online MBT
with learnings from previous failures

e No human required for test execution!

Android Monkey Sapienz Dynodroid

Source: Stuart Reid, “Smarter Testing with Artificial Intelligence”, JFTL 2017
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More Recent: Al in Result Analysis of Large Test Suites

e Predictive analytics: what could fail?
e “Test Less - Test Right” (M. Venkata)
e Failure patterns, code changes, etc

e Diagnostic analytics: what is failing?
e Data mining & visualization of defects
e Application monitoring for anomalies

e Prescriptive analytics: what to fix?
e Symptom vs defect
e Root cause analysis
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How Could We Use Learning in Functional Testing?

e Test automation tools have managed successfully to make creation of
tests that are automatically executable more or less “dead easy”

e BUT ... automating from “arbitrary” text still has to be done manually

'? ﬁ:% S— ] Manually refine into domain
[ | L?cé:-wm-aum J specific model inputs & outputs
Enter user name and password ! Model Action(s)
and click the Sign In button Vs
Manual Test Step T e e 0" emems Manually refine into
e GwT 4 e 7 concrete automation steps

Test Automation Keyword

User Conference on
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Introducing Intelligent Test Automation

=]

e From manual to automatically executable test in two steps

1. Feed manual tests and train intelligent test automation (if any),
e.g., resolve unknown text to automation rules

2. Execute and fix unrecognized object identifiers (if any)

e The more intelligent test automation is trained - the less it needs to learn!

User Conference on
© All rights reserved Advanced Automated Testing CONFORMIQ



User Conference on ETSIZ \\,‘“ \
Advanced Automated Testing N\ Z
The Standards People

Intelligent Test Automation in a Nutshell

NLP automation mappingaxis [Compatibility Mode] - Excel

e e Reader(s) normalize input format(s)

el e || NAtural Language Processing is

1

2 ||~ |activate Screen Saver ~ |WEB ~ |activateScreenSaver ~ |name =

3 Alert Accept 'WEB alertAccept name Yes d I

4 Alert Accept if Exists WEB alertAccept my Yes u S e to a n a yZe te St Ste ps

5 Alert Authenticate 'WEB alertAccept m Yes

6 Alert Dissmis 'WEB alertCancel my Yes

7 Alert Get Text WEB storeElementText name Yes o )) .

8| JAertsetTen wesJope e Jres input e User “teaches mappings to ta rget

9 Alert Accept 'WEB alertAccept name Yes

10 Alert Accept if Exists 'WEB alertAccept name Yes .

et ete it test automation tool or framework

12 Alert Dismiss WEB alertCancel nar, A

13 Alert GetText WEB storeElementText nar,

14]  |alertsetText wes type { . .

15 Capture Screen Page 'WEB captureScreenShot { . W k t h t f t

16 Check WEB selectCheckBox N O r S WI a ny I n p u O r m a )

17 CheckOption 'WEB selectCheckBox nar,

18 Clear WEB clearTextField 2 2

15 Jonec wes e ITTerent target technologies, an

20 click And Wait WEB clickAndwait nar, i ’

21 Click Button WEB click nar, o I
Selenium Action Identification ‘ Library Action ... () [l \ J a ny test a u to m at I O n fra m eWO r k H

Note: Conformiq patents pending
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Intelligent Test Automation Naturally Extends to MBT!

Test Design Test Creation Test Execution

Includes BAs & Testers Includes optimization Includes scripts, data & validations

Includes harnesses

——— —
—
s SRR
ol 89.2,00:10.8 dalnlplalee ‘ st Files
u. Euar ‘Name. el WA | =T s L e | 4 [T S5 R webintedpime _{rechnokey Aomation sction ___bowstortype ied)
| ~ {53 Erterpnse Sropping Deme e -\
il s
&l P Ruisctinai g s 3 - e -
‘ = — e : ‘ S ]
sssssssss = ‘7 | Custom Libraries
Ty oar 4 barit

Exec Tool(s)
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Thank You for Your Attention!
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