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Why do we test?

© 2020 Bruce Douglass



What do we test?

Implementation

Architecture

Requirements

We normally think about testing code but we can test anything that
makes causality assertions and is sufficiently rigorous to be
exeCUtable © 2020 Bruce Douglass



Why is testing hard?

1. There are (many many) more ways for something to fail than there are for it to succeed
2. Assumptions are often not explicitly stated but their invalidation can cause failures which

are both subtle and catastrophic

3. ltis both difficult and time consuming to get degrees of test completeness

People just as smart as you may be trying to break your system

X: [0..9] At first look, this has 1000 combinations to be
tested. But what if

Y: [O. .9] —_— processing —_—

-

Z:[0..9]

Testing can never be complete — .
there are an essentially infinite set
of combinations of value,
sequence, and timing

6

X comes before Y? Or Z before X?

The system expects Z to occur in < 20ms but it
arrives at 30ms?

The output comes too late?

What if Z, Y, and Z are not independent?
Example: if X>5 then Y must be <=2

What if X is -17?

Does the case Z==-20 fail in the same way as X
== 457

What if X and Y are supplied but not Z?
Resources (e.g. memory) aren’t available for the
computation?

Assumptions (preconditions) are not met?
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Glenford Meyer’s The Art of Testing

/“,‘THE ART orf
= Consider the simple problem 4

SOFTWARE

— The program reads three integer values from a text input dialog. The three values
represent the lengths of the sides of a triangle. The program displays a message that ERERRRLE
states whether the triangle is scalene, isosceles, or equilateral.

— Define test cases for this system. o T » Y Lk
= Did you remember to test
— Valid scalene triangles? Valid isosceles triangles? Valid equilateral triangles?

— Have you ensured that it is valid when you swap dimensions on different sides for
all types?

— Did you try an example with a zero length side? Negative number?
— Did you try specifying the wrong number of sides (e.g. 2 sides or 4 sides)?
— Did you test the case where the length of one side is the sum of the other two?

— Did you test with and without whitespace? Alphabetic characters? Special
characters?

= Meyer reports highly qualified professional programmers average 7.8 out of 14 tests
that he identifies even for this trivial example
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Models

All models are wrong, but some are
useful.

— Ge&/zgf,- E P Bex —

AZ QUOTES

Problem: Reality is too complex
Solution: Create a model

A model is always a simplification of reality, wherein we focus on aspects relevant to things
we care about and elide details of those things we do not.

© 2020 Bruce Douglass



Models

All useful models are falsifiable

Bruce Powel Douglass

» Rigorously defined — computable — models make statements that can be demonstrated to
be true or false

= A subtype of computable models — known as executable models — can be tested
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Modeling Views
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Kinds of Models ———

N Requirements Models
g
ﬁ
g

Implementation

O

Requirements Models

O Models
Analysis Models M e—
O
_Jf—\ Testing Models
O Architecture Models Me—
Design Models |
S — Any of these models can be tested.

It’s not just about testing code!
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What is model-based testing?

Model-based testing

From Wikipedia, the free encyclopedia

Model-based testing is application of model-based design for designing and optionally also executing artifacts to
perform software testing or system testing. Models can be used to represent the desired behavior of a System
Under Test (SUT), or to represent testing strategies and a test environment.

Model-based testing (MBT) means using models...

to describe test environments

to describe test strategies

to generate test cases

to enable test execution for software and/or system testing

to implement full traceability between requirements, models, code, and test cases

12 © 2020 Bruce Douglass



Automating MBT: What do we want to automate?

= Creation of Test Architecture

Capturing of outcomes during execution
Conversion of requirements scenarios to test cases
Application of test cases to system

Identification of points of failure

Gathering of pass/fail statistics

Computation of coverage metrics
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UML Testing Profile

= Current revision 1.2 (April 2013)
— OMG Document formal/2013-04-03
— Version 2.0 is in the works
— Available at http://www.omg.org/spec/UTP/1.2/PDFE

The UML Testing Profile defines a language for designing, visualizing, specifying, analyzing,
constructing, and documenting the artifacts of test systems. It is a test modeling language that
can be used with all major object and component technologies and applied to testing systems in
various application domains. The UML Testing Profile can be used stand alone for the handling of
test artifacts or in an integrated manner with UML for a handling of system and test artifacts
together.

The UML Testing Profile extends UML with test specific concepts like test components, verdicts,
defaults, etc. These concepts are grouped into concepts for test architecture, test data, test behavior,
and time. Being a profile, the UML testing profile seamlessly integrates into UML.: it is based on the
UML metamodel and reuses UML syntax. The UML Testing Profile is based on the UML 2.0
specification. The UML Testing Profile is defined by using the metamodeling approach of UML.
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http://www.omg.org/spec/UTP/1.2/PDF

UML Testing Profile Metamodel
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Capture test cases with UML/SysML

» Recommend using OMG'’s standard UML Testing Profile (www.omg.org)

» Specify test cases visually for better communication across teams
» Creating code tests cases or importing Cunit/Cpp unit tests also possible

= Can be done manually or with automation (via Test Conductor)
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Example model: Tokenizer (Manual)

“Test Buddy” SUT

This simple model = ==

receives digits and dots eTokenzer

as characters, evaluates

the string and computes

the corresponding real

value 1 itsTokenizer:Tokenizer "%
== ch:char
= result:double

= tensPlace:double
1 itsClientClient "3

k= digit{c:char):int

B evDigit(c:char)

B test1() Efr evDot])

B test2() B evws(

= Operation_4{):void

= print{msg:RthpString,valu...

17 © 2020 Bruce Douglass



Example model: Tokenizer (Manual)

This is the state machine for the Tokenizer class

c GotANumber @
T {%result = 0; tensPlace = 10;
NotANumber
evDigit/
evDigit/ | ProcessingWholePart e, ch = params->¢;
ch = params->c;
‘ réresult = result*10 + digit(ch);
evWs/
print("Result =", result); o
evDot evDigit/
result += digit(params->c)ftensPlace;
tensPlace *= 10;
ProcessingFractionalPart
evDot
S A

18 © 2020 Bruce Douglass



Example model: Tokenizer (Manual)

Create Test Cases as Sequence Diagrams

itsClient:Client

| evDigit( 1)

itsTokenizer: Tokenizer

| evDigit( 2
T

| evDot()

| evDigit('3)

| evDigit{4)

eviWs()

rint{ Result}, 12.34)

-

result == 12,34

itsClient: Client

| evDigit('0")

itsTokenizer: Tokenizer

| evDigit{0")
f

| evDot()

| evDigit{'7)

| evDigit('s")

eviWis()

rint{ Result}, 0.73)

itsClient: Client

19

| evDot()
I

itsTokenizer: Tokenizer

I evDigit(7)

| evDigit{'8")
I
| evwis(

irint "Result}, 0.78)
result ==0.78

© 2020 Bruce Douglass




Example model: Tokenizer (Manual)
Manually instrument the client (Test Buddy) to invoke the test

Client .}, Tokenizer “3

°y
1|
itsTokenizer -~

Testing testl/
itsTokenizer->GEN(evDigit('1");
itsTokenizer->GEN(evDigit('2");
itsTokenizer->GEN( evDot);
itsTokenizer->GEN( evDigit(‘3");
itsTokenizer->GEN( evDigit('4"));
itsTokenizer->GEN( evWS);

test?2/

itsTokenizer->GEN( evDigit('0"));
itsTokenizer->GEN( evDigit('0"));
itsTokenizer->GEN( evDot);
itsTokenizer->GEN( evDigit('7");
itsTokenizer->GEN( evDigit('8"));
itsTokenizer->GEN( evWS);

test3/

itsTokenizer->GEN( evDot);
itsTokenizer->GEN( evDigit('7");
itsTokenizer->GEN( evDigit('8");
itsTokenizer->GEN( evWS);

SV AVIAVE SRV uuu\dluss
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Example model: Tokenizer (Manual)

Now execute the model and create “animated sequence diagrams”™ from the
execution)
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itsTokenizar->GEN &vWS): evDot evDighf [73] Interaction Opera
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| - Lost Message
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| PP B R T T 3 Destruction Event
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|
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| | |
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For Help, press F1

Labels Off Wed, 2, Aug 2017 9:08 AM

* Rhapsody feature — can produce sequence diagrams from the interaction of modelled elements during execution
© 2020 Bruce Douglass
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Example model: Tokenizer (Manual)

Now execute the model and create “animated sequence diagrams”™ from the

execution)

& Gmechar f: Clienr - Cierr

Salwil

EE|E

re5. 1~ digtlgaranz> ¢l masfiaces
Pl oo 15

* Rhapsody feature — can produce sequence diagrams from the interaction of modelled elements during execution

22
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Example model: Tokenizer (Manual)

Review the outcomes and compare to the test specifications

fs ElEEES A = [[E |5 | | 1 Sequence Diagram: Animated Test case 3 in Default = o |
itsClientClient its Tokenizer Tokenizer itsClient Client its TokenizerTokenizer ‘ itsClient.Client itsTokenizer Tokenizer |
~ "
itsClient:Client itsTokenizer:Tokenizer itsClient:Client itsTokenizer: Tokenizer itsClient:Client itsTokenizer Tokenizer
I \ \
| -
| evDot
| evpigtte = 1) N I I \ \
[ | evDigit{c = 0) ~ evDigit(c = 7)
| ProcessingitholePart | | digtlc =7)
‘ | ProcessingWholePart ‘
‘ ‘ | evDigit(c = 8 ;
digit{c = 1) digit(c = 8)
| | dgit(c = 0) |
evDigit{c = 2) B | | evlisQ
evDigit{c = 0) =t | rint{msq = Result =, value = 0.78)
| ProcessingWholePart |
I \ \
I \ \
| d\?itf: -0) | |
| evDot() | |
\ \ \
‘ | ProcessingFractionalPart ‘ ‘
|evDigite = 3 -l | € L
| digit(c = 3) WM
| t | |d\?.%< -7
‘ ProcessingFractionalPart |
l |
evDigitlc = 4)
i | evDigit{c =§]
\ i
| | digit(c = 8)
\ |
ProcessingFractionalPart
\ I
‘ evis| ‘ |
’_0%1 VWS
rint{msg = Result =, value = 12.34) l—‘O%J
| | f\nﬁmsg = Result =, value =0.78)
! ! |
Testing NotANumber
i
‘ ‘ [
v | v
= 5 < < >

23

Test Case 1 Outcome

Test Case 2 Outcome

Test Case 3 Outcome
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Example model: Tokenizer (Manual)

Review the outcomes and compare to the test specifications

Test Case 1

24

[} Sequence Diagram: Test case 1 in Default E’@ (30 Sequence Diagram: Animated SD T efault o |[&@][=]
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| * | print(Result}, 12.34) | |
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I | el
) result == 12.34 ‘ ProcessingWholePart
1 —
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_evDot() W
o D | ProcessingFractionalPart
| evDigit(c = 3) ~J
| " |digttc =3)
| e
| - .
! ProcessingFractionalPart
|
‘ evDigit(c = 4)
| | digit(c = 4)
| | 7‘
| ProcessingFractionalPart
|
‘ 1
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[ 2
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| 1 =
/ Testing ‘ NotANumber
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Test Case 1
Result

© 2020 Bruce Douglass



Example Model: Tokenizer (Test Conductor)

E-{i# Tokenizer
[0 Components
[ Object Model Diagrams

=0 Packages itsCli
=5 Default
Bbg- Classes = Dél
EX Client — =stCantests
B | —— TCon_Tokenizer
Co Features...
Ewi
Lir Add New »
= g: Cut Ctrl+X i «SUT= Dé
e Copy Ctrl+C itsTokenizer:Tokenizer
U:I] Paste Ctrl+V
I]:I] Delete from Model Del G
U:l] Set Stereotype » e ne ra’tes
% Change to »
N Refactor »
B Predef Edit Order of Types
b Predef
-0 Profiles Mavigate >

Open Statechart
Delete Statechart
Realize Base Classes...

Make an Object

Create Unit

1 «TestComponentlnstance, TestCor

Check Model itsDummyDriver_of_Token

Spell Check
Generate Code

Edit Cede

Roundtrip

Create TestArchitecture

Rational Rhapsedy Gateway I}
SE-Teolkit

w

Design Manager »

Apps ¥
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Example Model: Tokenizer (Test Conductor)

() 1BM Rational Rhapsody Developer for C++ - Tokenizer.rpy - [TestScenario: Test case 3 in TPkg_Tokenizer: TCon_Tokenizer Architecture::TCon_Tokenizer SD._tc_Test] - m} b3
EY File Edit View Code layout Tools Window Help _ & x
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-1 Object Model Diagrams s Lifeline
%*  system Border
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. . : eply Message
.itsDummyDrive :Tokenizer Creste Message
r_of _Tokenizer: Destroy Message
- - Timeout

Sequence Diagrams i
[0 Animated Test case 1 Cancelled Timeout

070 5D Template

N
N
P
-
K
Fal
=
I
| | I®  TimeInterval
ml:ﬁi:::; | evDot() | ~3  DataFlow
i | | - Partition Line
-5 Predefir R [ <> Condition Mark
St e , | evDigit('7'=*) | § G
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o ?;n‘ Copy Crl+C EVDlglt( 8'= ) [El  Operand Separatc
@: Ever Paste Ctrl+V [ | 5+ Lost Message
g ?‘1‘ Delete from Model Del | evWS() | 3 Found Message
e
&85 1 Set Stereotype > | | . . i % 3 Destruction Event
o onge ; | print("Result =*, 0.78=%) o) dion Block
“, Dependency
- acare) 2 | | Bl testaction
[}
Open Sequence Diagram | | B testassignment
+ | Animate ' pereeeseee e mrre | I Testcondition
| | abs(result - 0.78) < 0.001 o
Create Unit | [ | [p—
Format... | | |
7777777777777 =
Create TestCase... | |
Rational Rhapsody Gateway % | |
SE-Toolkit > | |
Design Manager > | |
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OIS TS IS - -
o | | Additional test
 TestObjectives
{&F TestResults | |
£-Elp TestScenarios | | .-
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TestComponentlnstances | |
%y TestConfigurations | |
{8 TestResults
[BF TestResults | |
% TCon_Tokenizer_TestControl | |
[ TestResults
| | v
< >

Znimation session terminated.

Lk
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Labels Off Wed, 2, Aug 2017 %:16 AM
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Example Model: Tokenizer (Test Conductor)

TestContext Result
Test outcomes

TestContext: TCon_Tokenizer

Wednesday, August 02, 2017 08:13:47

Environment Information
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|BDio 0S| E o[ = > 8 & oo wn Tho.Tox ~[osacrtn ][ @ [Pho-Tohrtor TorTekmiom frtioon T IR Used operating system version: Windows 8 / Windows 8.1
i N 0| T el & 7| 50| T |l s - AxmsuAr=aALhe w7 ]|@ X E | Used Rhapsody i 8.2, build 9794446
g e e ) e e | o g e | o vk s | e u version: 2o bl
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Sd Tes “""is SD_tc 0 PASSED . - - " i - i
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. | |
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5 2 Depindundas | B wesaon
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: F; Dependencies | | TPkg_Tokenizer::TCon_Tokenizer_Architecture::TCon_Tokenizer.SD_tc_0::TC Test
® TestOt i
- % Teasene : I case 1
-5 TeatScensrios
@B Testcase 3 | |
P | | ke ]
-4y TestConfigurations
Testhesuits | |
: e et : I Status: PASSED
3 TestResubts
| | v Progress: 100% (8/8)
< BIE >
| s[EFoRaTToN: Exeouting cestease +50ve 07, na. 1 of € =
4 |Animation 3easion terminated. [N!taik!d Msertbn Ini n'at'“)n
[ratomATION Excoaking vestemes 18050 Tesn mse_ 3y 20 2 of 4 C result == 12.34 PASSED
2] 3 [>T\ vog £ CheckModel ), Buld J,_Configuraton Management __Arimaton

For Help, press F1 S N Result Verification

Result verification successful

TestCase: SD_tc_Test_case_1

Test Report

TPka Tnkenizer--Tan Tnkenizar Architertura--TCan Tnkenizar SN tr Tact rase 1-Test
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Integrated design and test environment with automation
Manage test cases within Rational Rhapsody with Test Conductor

= Common browser for design and test information

— Syncs information to maintain consistency between design
and test

1
Design Artifacts

= {1 object Model Diagrams

o g8 Domains Cverview

=] {1 Packages

ﬁ sExternales Cpplibrary
& «Externals RhapsodvFramewark,
E AnalysisPlkg

EE a5

[E] B dlasses
i

E gﬂi?h”riiiﬁgi?; = ] CashRegister | Test Context Result
% CashRegisker

B countedrroduct Test Ar“faCtS ] [ TeSt ExeCUtIOI’l RepOl’tS j

-8 Product

= Apply model-based testing to external code
— Visualize interfaces in Rational Rhapsody

B ProductDatabase EF T
B rerparcontor = C3 Testpackages
g ThreeForOneEuro IJ;J demo ) Test executed on machine: MBOSC-21-1
[]"'\2] Dependencies E‘lj;x TPka_CashReqgister _0 Test executed by user: ubrockmeyer
t1-_1 Packages . - -
[]---E Interfaces D Used OS5 version: Windows 2000 / Windows 3P
[—]--D Chject Model Diagrams \i TestComponents Used Rhapsody version: Aries, build 790102
ﬁ_gj CashReqister Oweryiew L:J& .;Stcontex':s Used TestConductor versiorn: 2.0, build 520
85 Product Overviea ] 8- .
i i = M Airbuies
b E_ﬂj Special OFfers Crverview H-"u pependEHCIes Project: CashRegister
[]--{:l Sequence Diagrams []ml?‘ Links Active Component: TCon_CashRegister_5
[]"'El HardwarePhg []...;‘ SUTs . Active Configuration: DefaultConfig
[]...El InterfacesPkg - [+ Test Context [‘)E;rams
oK
E]---& PredefinedTypes (REF) - ;estCases Test Context: TCon_CashRegister
- PredefinedTypesCpp (REF) []"',:'" atg—tc—ggg() tc_code PASSED
Bl RequirementsPkg - g,} atg_tc_nmg te_activity_diagram PASSED
-F ahg_tc
E]"'ﬁ TestConductorPkg M ,:' atg_tc_ﬂtlﬁ() _adding_rernoving_products PASSED
G- Prafiles T Tt tr_regression_test PASSED
L TestPackages B abg_te_008() =2 =
= %, atg_te_n0g() atg_r_008 PASSED
B-®, to_activicy_diagrami) glig = 10 PASSED
H-%, tc_adding_removing_products() atg_t-_006 PASSED
B-* te_code() I B 0 T -t - atg_tc_00z PASSED
% tc_regression_test() : - TestComponentinstances atg_te_003 PASSED
E]---‘ TestComponentInstances q:n TestConfigurations atg_tt_004 PASSED
[y, TestCanfigurations =S¢ TestResults
& TestResults &f TCon CashReqister 1.html
[:I---E'H, TestScenarios | =gy TCon_CashRegister_1.xml

:»H, TestScenatios
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Automate quality

= Automatically create test architecture
— Creates a System Under Test (SUT), test components and test context

= Apply model-based testing to external code
— Code is developed outside of Rational Rhapsody
— Visualize code interfaces in Rational Rhapsody and apply model-based testing

«TestContexts
TCon_AlarmController

AlarmContraller &
1 wSUT»
bl itsAlarmCaontroller: AlarmController
st
[
ILedCtrl, ILightTtrl, [SirenCtrl ‘
—
et el b Dhserer
hwObserver
L |—'D bt hwObserer
[DoarListener, KeyLigtener, IMovermentListener 1 wlestbampanen 1 wlestbompanen
itsTC at_ hwiCtrl itsTC_at_tw(h:

[ Automatically Created Test Architecture j

29 © 2020 Bruce Douglass



Requirements-driven testing

= Quick definition and execution of model and requirement-aware tests
— Unit, integration and system testing
— Reuse design scenarios as test cases

= Requirement change impact and analysis

— Know which part of the model or which tests are affected by changing
requirements

| Fomsad wodude #5001 ot vebacke £ Hegaements/Uses Hegaements' cumend 2.1 |1 381 - 0035 J| = } O
fn §% g b b ok ot i U fhe ) TestPackages

BEALBRPIY ¥, —n k0 UK M =T - v&‘ TPka Stopwatch

- Tfen IREr €AY 20| > 'PK9_>topw

L et 00 & e [lrchles | 2 =] Components

3 Requirements + vﬂ TPkg_Stopwatch_Comp
I",f;:: T e 2 + 3 TestComponents

34 Cepablity Requirements & TestContexts

31,1 Carrying Capacity .

1.1 Nurter *Peogie Pass/fail results can be = £ TCon_Stopwatch

Frer wwmps von aklie goll 3% S200 810100 beey, Gaecte . .
i oy sk i) ot synchronized with RM tool + -5 Links
of 3 bucs Taw bvm. ool GiGepirersste Pl >

kil @ sy ogoalat b e hageresecs s - “ SUTs
arcardd onkes prikdipds T al be ekt bo cary 3 Tt Kol 12 2
):-,-lf'idw:,mh:,iu P .:::z:. .mm!:.wu‘ Eu:nﬂ':tw::':n:':}}. \'r;lfml-_!d?:qs + ‘i Test Context Diagrams

sunkrs kr apeewed 3 beane st nde s hr ulae Tas
Lot swihies 11 Pbean 1387 ek foe saeort g pinnes

Urnesaed

= %, TestCases
=%, SD_BlackBox_001()

Tor g el o z2rr ape ama b
rrerenge KO0 b SO0

ot + B sDInstances

it g + W TestObjectives

s i iy P L Luittbetes D6 C Teibebes = 2\' TestResults

& pimmiicnid  arinMie el Ot : +/ « S TCon_Stopwatch__SD_BlackBox_001_0.html
A Hoer palbasbiie Bt it i ¥ 5 TCon_Stopwatch__SD_BlackBox_001_0.xml
Ueowe P lferad (oo wh 7
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Requirements to test results coverage

= Automated reporting of test results

— Requirement to test coverage table

— Test Coverage results

— Complete test results in Rational

To: Requirement  Scope: CashRegister

B pEd ‘EREQZ |EREQ3 ‘EREsz |EREQ5 ‘EREQS |EREQ7 ‘EREQB

B REts ‘ ] REQT_

aseqlse | ol
<
=
i
=
=i

1] REQ10

' .
- . - S %o || REQL
Publishing Engine reports :
1R atg e 0
9]
§ ®, atg 016
} .
&% axor |All Requirements
T
ED Rational Quali Vianage Name | Specification Govered by
Test Case
REQL A small stand-alone Cash Register needs to be designed that reads barcodes of ?ﬁ*;;;gf;)
products that a Customer has selected.
I Home  “iew Test Plans (] TestPlan_CashRegiste. .. [El TestCase_01_SD_|nitC... # Execution Result
Requirements REQL0 after receiving a start event Cash Register will send a message "show(Ready)" to its '(Sﬁ_gﬁued)
display.
.E; = El)ﬁelf:ll"lltjlglr‘l IRLBfIL.Ilt 1 REQZ |When a product has been identified, its name and price are displayed on a display. naot covered
Planning . A @ Rasult -
If the barcode cannot be read automatically then the message "Unknown product”
Test Case Result REQ3 will be displayed and the barcode can be entered via the Cashier's keyboard. not covererd
Ez Test Case: SO_tc_0 Code tc 0
= _— When all the selected products have been read, a ticket is generated containing the o
Canstruction 10:20:31, Monday, April 27, 2009 REQ4 P h N " - ntity and total price. (. Passed)
[Passed _m_ Mare | Werdict
] Actual Result ©[Passed Tast executed on maching BLSSLAVE ssible to add special offers ot covered
Host Mame jekyllsslave Test exncuted by user : Adminstrator o TC . A 1 Eura",
o TCon_CashRegister__SD_tc_0_4.htm Failed
Mam%;:nlarl Crwmer: Wary, Test Manager Used 015 version: ‘Windows 2000/ Windows XP o — g —_— = rC o0
Used Rhapsody version 7.5, buid 1155117 i (._Pa_ssed)
Tost Milestone: Used TestConebctr verson 2.4, buss 1406 e-f' TCon_CashReqgister__akqg_kc_007 _7 . hkrnl Passed
S TestCase TestCase_01_8D_initCashRe : !
Execution p p— S TCon_CashRegister__atg_tc_006_3.htrl Passed el the last selected produiet, | oy ypreq
Test Seript 80t 0 actie Comporert: TP CastRegiter_Comp " the fut ¢ d
72 Test Data: Unassigned Actwe Configuestion Detaikconty S TCon_CashRegister__atg_tc_002_9.htm Passed arms 10 e Tuiure. not covers
Rasots Weight 100 ucts., not covered

7

Result Details

CashRegister__SD_tc_0_0.himl
ductorAdapter2084 4 out
TestConductorAdapter2084 5. e
TestiLog20843.10g

31

Total umber of 505 used:

1
Total number of SD instarces in tost: 1

Total rurber of esecuted SO instances 1

Total rumber of PASSED S0 nstancas: 1( 100%)
Total nurmber of FALED SO Instances o (o%
Total number of ACTIVE ED instarces: 0 (0%)
Total number of NOT ACTIVE SD nstances 0 (0%)

& TCon_tCashRegister__atg_tc_003_9.hem

1 S TCon_CashRegister __atg_tc_004_9.htmi

S TCon_CashRegister_ FC_tc_0_0.html
& TCon_CashRegister__Code_tc_0_0.html
& TCon_CashRegister_7.html

T O O Ol O O O O O

Passed
Passed
Passed
Passed

Failed
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Coverage Analysis is one of the key benefits of automation

Which requirements
are covered?

Which model
elements are
covered?

32

—

@ ReqgCoverage x|

To: Requiremert  Scope: CppCashRegister

./ Rens| | Rar | AEos| () AEGS

| REQS

) Rea1| () Rea2| (! eas| () meas

1! REqo|

% TestCase_simple_start

L7 TedCase_code_assert
L7 TesiCase_Flow_Chart
%, Code_tc 0 W REDE

asen}sa | a0l

X, SD.tc.0

Detailed Coverage Summary of CashRegister {9/25)

identifyProduct

addProduct
startSession
endSession
generateTicket
isNoMoreProducts
removel astProduct

countProducts

evStart

evBarcode
|C|i|:k to highlight element in Rha

evEnd

W REQO
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Coverage Analysis is one of the key benefits of automation

Coverage Report

Environment Info Table Of Contents

Source Code

Coverage Statistics

What code is

Covered? Statement Coverage 70 43[61.4%
Decision Coverage 6 1| 16.7%
Condition Coverage 0 o] n.a.
Condition/Decision Coverage 20 7| 35%
Modified Condition/Decision Coverage 20 7l 35%

Coverage Report
erwiranment Infio Tabla Of Contants slobal Statistics Spurca Coda

0] E [

cleanlpRelations|) ;

bool CasbEegister:ibe Ci:InBound Ciisend (I0xfEwent™ ewent, const I0xfEventfeneracicnParsmss parans)

L
bool res = falae:

I ? if (ewent !'= [0])
L
BvEnL-rARERorE (GeEPaEE )] ;
T 4 i if (icalBagcadePeadec '= (0))

if (event->isType0f|24C01] )

read = italBarcodefeader->aendievent, paramaj;
CECUEN Tea;

EEREEEEEEEE

T 7 1 1f [LEsIEeybosrd 'a (0] )
[
4 T ] LE (evenc=>iaTypedl |24802] |
i
rea = icalFeyboacd=>aend(event, pacaes):
rEbuIn TEE:

aaEa- -~ -

T F LE (eVERC-3>1S5Type0r|24504] )

== =18

L3 = 1TSIKeyhoaEd-oend (STENT, DACHRS) !

ERTISEN DEd;
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MBT — Automatic Test Generation (ATG)

» Requirements-based test cases are generated with specified model and requirement

coverage.

L Rhapsody in C++ Automatic Test Generation

Y |

Coverage Summary
Test Generation Configuration: NewConfigurationQ
Generating TestCases.

Timeout: 00:03:00
[ ___—=m| 00:00:32

Model Element Coverage
Total Coverage 72

State Coverage 29

Transition Coverage 35

Operation Coverage 8

Hide Details | Close

% NewConfiguration0  £39/72 0/0 0/0
E}% Uc_UCS_DisplayLandingSymbology in FunctionaldnalysisPka::UC5_DisplayLandingSymbologyPkg  69/7

«TestContext» «SUT»

TCon_Uc_UCS5_Di TCon_Uc_UC5_Di TCon_Uc_UC5_Di TCon_Uc_UC5_Di

splayLandingSym splayLandingSym splayLandingSym splayLandingSym

bology:TCon_Uc bology.itsTC_at_ bology.itsUc_UC bology.itsTC_at_
5 DisplayLandint pINS of Uc UC5

UCS5 DisplayLan pHMSD_PilotFlyin di p] ot Uc UCS |
call_evLandingPositi }1_via _pHMSD_PilotFlyjng(position = -15000.&)0000)

evLandinQPosiﬁonﬁ;_g‘sv ition = -15000.0000q0)

call_evHelicopterPosition_via JDINS(DOSiﬁBF‘ = -14993, 920000)_.

34

|
|
f
\
\ [
\ i
\ [
\ !
evPin‘fymbol(status =PIN %LOPE _INDICATION)

e}/Approad'nLlne(stam

l
l
!

I

i

[

-/
evLandingboghouse(stahJs = LANDfN

Ll |

I I
edelcopterPomhon(posahﬂn— -14999.920000)
|

calculabeLandxngPos?onDistanceO

displayPinSymbol()

l

displaySlopeIndication()
|
:j [
I dis} ayApproad'lLineé)
; [

= APPROACH, | (INE) | [

/.:" / dis} ayLandingDogho%JseO
/ /
:j. % s

/ displayReferenceObij

{faocnouse) I [
=i scenariorequirementpartial_| [ L,jj/ | [
To: Requirement  Scope: LandingSymbology3D I Fé | [ |
= | 530-5RD-38 [0 LS30-SAD39 [[f1] Lsap-sRo-28 [0 Ls3D-sRD-29 111 L | et | | 7
5 g ATG TestCase. 14 [[ALs3D-5RD-28  [(FLS3D-SRD-29 [ LSlooro— T e
< =y | R ATG TestCase 4 [(#Ls3D-5RD-28  [(#LS3D-SRD-29  [1#L53D-5RD-33 [[4LS3D-SRD-34  [(#LS3D-SRD-36
& |E\ ATG TestCase 3 [[#Ls3D-5RD-28  [(fLS3ID-SRD-28 |[[¥]LS3D-5RD-33 [#)LS3D-5RD-34
% B ATG TestCase.11 [[#Ls3D-5RD-28  |[(fLS3ID-SRD-29  |[1¥]LS3D-5RD-33 [#LS3D-5RD-34  |[(fL53D-SRD-36
o | B ATG TestCase.f [(fLs3D-5RD-28 [(fLS3D-5RD-33 [4LS3D-5RD-34
o' | By ATG TestCase 5 [(fL53D-5RD-28 [(#L53D-5RD-32 [[ALS3D-5RD-34  [[4LS3D-SRD-36
@ _E:S’ ATG_TestCase. 12
=]
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Sample System to demo MBT

composite_class

1 stagel:simp Q&,

port_in 1 stage2:simple %, I stage3:simple T3, 1 staged:sir
in_itf . B my_y: = my_y:int = my_y:int = my_y:int
port_in port_out port_in port_out  Portin port_out Port_in port_out out_itf
o = caldargint... B o @lcfargxint):int 1 L calqargeint):int — I calc(argxi...
in_i out_itf in_itf out_itf in_itf put_itf in_itf put_itf

= System shows an explicitly modeled input and output interface using ports

= System contains four units with explicitly modeled input and output interfaces
using ports; the units get input integer values and multiply with 2

= Software architecture shows how the units are integrated using ports and
links
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MBT: Unit Testing |

composite_class

P e e e I .

o ’ S
4 \.
I ]
1 stagel:simp% ' 1 - : = -
port_in i stage2:simple "%, ! I stage3:simple T3, 1 staged:sir
N - 1
= m‘f_x.fnt ! = my_xiint i = my_cint B my_xzint port_out
, i ! »
in_itf _ B my_yiint i = my_y:int I = my_y:int B my_y:int —
port_in . port_outi port_in port_out : port_in port_out port_in bort_out out_itf
o i caldargint... —: 4 [ @ldargxint):int v | caldargeint):int — = calc(argxi...
i out_itf ! in_itf put itf i Initf out_itf in_itf out_itf
1

= Objective is to test each unit in isolation
= TestCondcutor automatically creates test architectures for each unit (SUT)

= “White box test’:

. requirements based testing using the interfaces of the SUT

. code coverage measurement of the internal structure of the SUT
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MBT: Unit Testing II

«TestContests
TCon_simple_class

«5SUT»

TCon_simple_das TCon_simple_das TCon_simple_das
1 «SUT» = 5.it8TC_at_port_j 5.itsSimple_class: 5.itsTC_at_port_
itsSimple_class:simple_class n_of_simple_das simple_class out_of_simple_d

5:TC at port in ass:TC at port

ev_mult_x{x=2) |
port_in port_out

| ev_mult_x{x=4)
1

port_in port_out

1 «TestCompanentin 1 «TestCompans

itsTC_at_port_il itsTC_at_port_c

— An instance of the unit under test (SUT) is contained in the test architecture,
and two test components which are connected to the ports of the SUT

— Developers specify the expected input / output behaviour in a test case

— TestConductor executes the unit tests and computes test verdicts (pass/fail)

37
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MBT: IntegrationTesting I

composite_class

...................................................

ke N
.I \
L stagel:simp':% g _ ' -
port_in 1 1 stage2:simple 2, 1 stage3:simple "3 : I staged:sit
= my_x_'int : = my_cint B my_xint 3 = my_x:int port_out
in_itf . E my_y.lnt I = m)‘_)":int E m}r_\'r;int : E I'TTY_Y:iI"It 1
port_in . port_out | port_in port_out port_in bo rt_ou: port_in bort_out out_ijtf
o | caldargeint... —: = calc(argx:int):int T = caldargxint):int = = calc(argx:i...
_ out_jtf i in_itf out_itf in_itf| out_itf : in_itf but_nf

! i
' /
\ 4

= Objective is to test two or more integrated units

= TestCondcutor automatically creates test architectures for one unit, developers can extend
the test architecture to add more units (SUT)

= “Grey box test”
. requirements based testing using the external interfaces of the integrated SUT

. code coverage measurement of the internal structure of the SUT
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MBT: Integration Testing II

«TestContexte
TCon_two_simple_classes

1 «SUT» D&l 1 “SUT»
its! le_class_1:simp itsSimple_class_2:simgp
port_out port_in port_out

port_in

port_in

port_out
1 «TestCompaonentin
itsTC_at_port_il 1 «Testompone

itsTC_at_port_«¢

«5UT»

«5UT»

TCon_two_simple
_dasses.itsTC_at
_port_in_of_simp

le dass:TC at p

TCon_two_simple
_dasses.itsSimpl
e_dass_1:simple

dass

TCon_two_simple
_dasses.it=Simpl
e_dass_2:simple

dass

ev_mult_x(x=3)

TCon_two_simple
_dasses.itsTC_at
_port_out_of_si
mple dass:TC at

ev_mult_x{x=12)

ev_mult_x{x=6)

| /

| /
O |
This message is not tested |
in an integration test |
I

= Instances of the two units under test (SUT) are contained in the test architecture, and two
test components which are connected to the ports of the SUT

= Developers specify the expected input / output behaviour of the integrated units

= TestConductor executes the integration tests and computes test verdicts (pass/fail)
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MBT Software System Testing I

/7 composite_class

]_ s i -
Iport_in SRS D 1 stage2:simple %, I stage3:simple T3, ! staged:sir
1 y
i =R B my_x:int = my_x:int B my_xcint port_out
. ] i | -
wn_itf B my_y:int = my_y:int = my_y:int = my_y:int
1 ort_in ; . . )
: port_ | - port_out port_in port_out port_in port_out port_in bort_out out_itf
3 o = caldargint... ) k= alcfargxint):int 5 H caldargint):int = calc(argi...
i - out_itf in_itf out_itf in_itfj out_itf in,_itf L i
1
1
i
i
1
.\
‘\
"« /

...........................................................................................................................

= Objective is to test the whole SW system on host or on an embedded target

= TestCondcutor automatically creates test architectures for the SW system using
the system ports and interfaces
= “Black box test”

. requirements based testing using the interfaces of the SUT
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sSummary
» Testing is hard!
Models are simplifications of reality that allow us to focus on relevant issues

Models provide significant enhancement to our ability to deal with engineering data, such as
requirements, design, and implementation

Models likewise enhance our ability to test:
— Development of test architectures from model structures
— Development and representation of test cases
— Execution of test cases against the SUT in the test architecture
— Computation of verdicts (pass/fail)
— Determination of coverage (model and/or code)
The UML Testing Profile defines a standard way for modeling test-related information
Model-Based Testing can be done
— Manually by “instrumenting” actors or creation of testing stubs
— Automatically with tools such as Test Conductor
= Automation of Model Based Testing provides real benefits
— Repeatable testing
— Auto generation of test architectures
— Auto execution of test suites and analysis of outcomes to determine verdicts
— ATG can even analyze model structures and create test cases to ensure coverage

© 2020 Bruce Douglass
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