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1 Terms: From Unit to Component

1.1  Types of Test Objects

We discuss the terms unit testing, module testing, integration testing, and component testing based on
the type of the test object. Then we will introduce temporal component testing. We assume software
written in C.

1.1.1  Single Function

A single function is the smallest reasonable test object of a C program and is usually considered to be
a unit. Unit testing is functional black-box testing, i.e. based on the interface of the function (i.e. input
and output variables). Unit testing is dynamic, i.e. the test object is executed.

If the function under test calls other functions, during pure unit testing, the calls to these functions are
replaced by calls to stub functions.

Testing of a single function (i.e. unit testing) is the hitherto functionality of Tessy and not discussed
here further.

1.1.2 Hierarchy of Functions

A hierarchy of functions can be tested in a manner very similar to the test of a single function by taking
the top-level function as the test object, and considering the called function as to be inside the test
object.

L]
il

Fig. 1 A hierarchy of functions takes the top-level function as test object

This is technically achieved by not replacing the called functions by stub functions. You may still
consider this as unit testing as above, but for bigger units. It can also be considered as integration
testing for the functions in the hierarchy, because they have to work together correctly to pass the
tests, at least to some extent. Such a hierarchy of functions could also be called a module, but | am
reluctant to use this term, because of the connotation to the C source modules of a C program. (A C
source module is not automatically an appropriate test object for module testing, because it is defined
syntactically, whereas a module for module testing is defined semantically.)

The testing of a hierarchy of functions is technically very similar to the testing of a single function.
Testing of a hierarchy of functions is the hitherto functionality of Tessy and not discussed here further.

1.1.3 Interacting Functions, Non-temporal Approach

In contrast to a hierarchy of functions, in the section at hand, we consider functions that do not
necessarily have a calling relation. However, we assume that the functions work together though, e.g.
operate on common data, with the objective to achieve a common goal. The well-known stack data
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type with its push() and pop() operations is a very simple example for that. The term module may be
appropriate for such a collection of cooperating functions, but | would prefer the term component, still
because of the inappropriate connotation to C source modules.

. external function

| ] internal function

5
\\ data

l internal function call

Component <> data read/write

l call to other
component
Fig. 2 The structure of a component and its interface to the outside world

At least one of the functions combined in a component must be callable from the outside of the
component to stimulate the functionality of the component. Normally several function are callable from
external. We call these functions “component functions”. A test for a component is not longer a single
function call (as in the two sections above) but a sequence of calls to the component functions. The
calls to the component functions stimulate the component. Like testing of a single function, a test case
for a component also comprises of input and output data (variables of the component and parameters
of the called external functions). A component may have internal functions that cannot be called from
the outside of the component, but only from functions inside the component. If internal functions exist
and if so, what they do exactly, is not relevant for component testing, because component testing
takes the component as a black box. However, relevant for the result of a component test is the
sequence of the calls from within the component to (callable) functions in other components. This is
with respect to the number of the calls, their order, and the parameters passed by the function calls to
other components.

Obviously, the functionality of the functions in a component and the interfaces between them are
tested by component testing, at least to a certain extent. Hence, component testing can well be
considered as integration testing for the functions in the component.

Component testing = integration testing for the functions in the component

© Copyright 2009 Hitex Development Tools GmbH Page 4/41
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1.1.4 Interacting Functions, Temporal Approach

In the above section, time was not an issue, neither for the timely distance of the stimulating calls to a

component, nor for the timely distance between a stimulating call to a component and the resulting call
to another component. However, it could be an important test to check if such a resulting call happens
“fast enough” after a stimulating call, i.e. within a given time frame.

To be able to test the temporal behaviour of a component in a simulated environment, a simulated
time base needs to be available. This is usually the case if the component is executed under the
control of a Real-time Operating System (RTOS) with time-slicing, e.g. OSEK. Then a certain function
inside the component is called in known equidistant times (e.g. every 10 ms) by the operating system.
The calls to this function represent the “heartbeat” of the component. They provide a time reference for
the testing of the temporal behaviour of the component. (The heartbeat function is usually called

“handler function” or “work task” or simply “tick”).
ﬂ Stimulus

. external function

internal function

[]

data

internal function call

data read/write

|
=
) 4

Component call to other
component
Heartbeat function
Fig. 3 If a heartbeat function exists, timely behavior can be tested
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2 Example: Interior Light

To introduce temporal component testing with Tessy, we use a simple example: “Interior Light”.
21 Specification of Interior Light

The interior light of a car shall be controlled by two inputs: The door and the ignition of the car.

L\

Sensor Door
ECU

Interior Light

Sensor Ignition

Fig. 4 Scheme of Interior Light

The functional specification comprises of three simple requirements:
1. If the door is closed, the interior light shall go on
2. The interior light shall go off after 5 seconds at the latest
3. If the ignition is switched on, the interior light shall go off immediately

The specification above is obviously not complete. Especially the initial state of door, ignition, and light
is not given. Also it is not specified what shall happen e.g. if the ignition is switched off (after it was
switched on), etc. But this simple specification is sufficient to demonstrate temporal component testing
with Tessy.
For simplicity, we assume that the initial state shall be

e Door =open

e Ignition = off

e Light = off

2.2 Implementation of Interior Light

Below is a possible implementation in C for Interior Light.

YA Y
Br, 2009-02-20

Inspired by an example of Roman Pitschinetz, from the former

Software Research Center of DaimlerChrysler in Berlin.

(c) Hitex Development Tools 2009
************************************************************************/

typedef enum
{

closed, open
} co_states;
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typedef enum
{

off, on
} oo_states;

co_states sensor door, state door;
oo_states sensor ignition, state light;

extern void LightOn (void) ;
extern void LightOff (void) ;

void init(void)

{
sensor_door = open;
sensor_ignition = off;
state _door = open;
state light = off;

void set sensor ignition(oo_states i)

{

sensor_ignition = i;

void set sensor door (co_states d)

{

sensor_door = d;

static void iLightOn (void)
{
if (on == state light)
return;
else
{
state_light = on;
LightOn() ;

static void iLightOff (void)
{
if (off == state light)
return;
else
{
state_light = off;
LightOf£f() ;

}

// heartbeat function

/* **********************************************************************/

void tick()
{

© Copyright 2009 Hitex Development Tools GmbH
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static int Timer = O;

if ((state_door == open) && (sensor door == closed))
{ // Door was closed ---> start timer!
Timer = 500; // 5 seconds = 500 cycles of 10 ms
iLightOn() ;
}
else
if (on == sensor_ignition)
{
iLightOff () ;

if (Timer > 0)
Timer--;

if (0 == Timer)
iLightOff () ;

// Store current value for next tick
state door = sensor_door;

}
Fig. 5 The contents of interior_light.c

This implementation features a heartbeat function, the function tick(). The implementation assumes
that tick() is called every 10 ms. Based on this assumption the value “500” for the timer is calculated.

2.3 Prerequisites

2.3.1 Prerequisites in the File System

We assume that the implementation of Interior-Light is present in the file
C:\Tessy-Projects\Hitex_examples\Source\lnterior_Light\interior_light.c

2.3.2 Prerequisites in Tessy

We assume an existing Tessy database (*.pdb, any database will do). If you do not dispose of a
existing database, see Tessy’s online help how to create one.

© Copyright 2009 Hitex Development Tools GmbH Page 8/41
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2.4 Testing Interior-Light with Tessy

241 Create Project and Module

File  Tools Cptions | Projeck  Maodule
o= 3l

ﬂDatahase: C:hTessy-ProjectsiH

- [ C++
- (] Coverage

Fig. 6 Create a new project

File Tools Options Project  Module

ﬁ Database: C:' Tessy-Projects’ Hilj

i § —omponent Test
- (] Coverage

Fig. 7 Rename the project to “ComponentTest”

File Tools ©Options Projectk Module Testobject  Wies
o= &

FelDatabase: C:' Tessy-Projects', Hitex_examples®,

Renarme

Coverage

: g J Delete DELETE
T

(] Diff Add Module  INSERT

03 Graphics Paste Module CTRL+Y

[+ [[] Is_wal_in_ran  Propetties...
M T RMieemllcmm -
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File Tools Options Projeck Madule

FelDatabase: C:' Tessy-Projects’,

- [ C++

El 3 ComponentTest
- Interior-Light
3 Coverage

Fig. 9 Rename the module to “Interior-Light”

242 Select Component Testing

Module Properties

General | Sn:nurn:esl Linkerl .-'-‘-.ttril:nutesl I:n:nmmentl

— Test Directary

IE:'\T ezzy-Projectz\Hitex_examplezh T ezsyHitex_examplezhComponentT ezthnteniar-Light

dilk

Cancel
— Enwironment
| GNU GCC -~ GNU GVD - [Default) |
— Features Kind of Test
[T Enable ASaP i Uit

— Target Binary
' Generate Test Binary
£ Use Original Binany

Fig. 10 Select “Component” in the Module Properties

By default, “Unit” is selected. This is the point where unit testing and component testing begin to part.

Please note:
As environment the default GNU gcc compiler is used.
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Froperhy | " alue
Dhirectory C:AT egay-ProjectshHiter_examplessT essphHiter_examples\Component T ests nteriar-Light
Comment
E nviranmment MU GEC - GH GYWD - [Default)
Kind of Test Compaonent
Sourcefile FFHL ROOT S ourcentenor_Lightsinterion_light. ¢
Attnbutes:
Fig. 11 Module Properties for component testing

24.3 Select the Test Object

Module Properties

General  SOurces I Linker I .-i'-.ttril:uutesl Enmmentl
ok |

— Source/Module

ﬁ E rvironment —
‘..(8H) Interior-Light

- $PROJECTROOT NS ourcehntenor_Lightsinterior_light. o

— Cormpiler

| I Change local
[ Inu:luu:has‘.l'Y Defines ,lr I:I|:|ti|:|r1s‘.1r Settings;‘

Fig. 12 Select “interior_light.c” in the source tab of the Module Properties

244 Open the Module

By clicking on the plus sign in front of the module name, the module opens.
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File Tools ©Options Project Module

L= Slalml# 2] ¢

FelDatabase: C: Tessy-Projects, Hi

- [ C++
= £ ComponentTest

El (58] Interior-Light
e ﬁ Scenari

[ Coverage

Fig. 13 The module “Interior-Light” is open

The only “test object” displayed has the default name “Scenarios”. This is different to unit testing with
Tessy, where the names of the possible test objects in interior_light.c (i.e. the functions) would be

listed instead.

2.4.5 Adjust the Interface

We open the Test Interface Editor (TIE) for “Scenarios” as usual.

File Tools Options Project Module  Testobjeck Wi

N=| SR 2] 2= 2

FeiDatabase: C:' Tessy-Projects' Hitex_examples

g c++
E| [:l Component Tesk
= (58] Interior-Light

b P St

3 Coverage Imnpott/Export

5 Edit Interface, ..
[ Diff Cefine Testcases, .,
[ Graphics [esign Scenarias, .

Fdit Tackdzkz

Fig. 14 Open the TIE
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ETIE - 32 [Interior-Light:5cenarios]

File Search Options Help

=101 %]

@ ?ll?Tl ISI:enarins

=}{& External Functions
----- @ Lightaff

----- @ LightOn

E}-{‘% Component Functions

----- o iLightOff
----- ‘% iLightOn
..... _é" init
----- —1;,4 zet_senzor_door
----- —1;,4 gel_senzor_ighition
..... _é" ick

&7 External Variables
=} @ Global Variables

----- @  ehum co_states sensor_doar
----- @ enum oo_states senzor_ignition
----- @ enum co_states state_door

----- @ enum oo_states state_light

----- @ long tick:Timer
{ﬁ} Parameter
{rfi Return
1= Enums
E] #  ehum oo_states
DL o off
..... @  oh
E} #  enum co_states

----- 2 clozed

----- @ open

I [rrelery ant x I
I [rrelery ant x I
I [rrelery ant x I
I [rrelery ant x I
I [rrelery ant x I
|o
|1
|0

BT eclarations [Unuzed] -
a » *

V.

Fig. 15 The initial interface
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2451 External Functions in the Interface

In the section “External Functions” of the interface, the two functions LightOff() and LightOn() are
listed. These two functions are used (called) by the component Interior-Light; but these two functions
are not implemented in interior_light.c. The component Interior-Light expects these two functions to be
provided by another component of the application. However, we want to test the component Interior-
Light without that other component. Therefore, we direct Tessy to provide replacements, i.e. (user)
stub functions for these two functions.

ETIE - 32 [Interior-Light:Scenarios] - | Ellil

File Search Options Help

El_l ,\I,.l‘:"'I | ISn:enanu:us j

Fig. 16 Creating stubs for LightOff() and LightOn()

The fact that Tessy provides stub functions for external functions is indicated by a red tick mark in front
of the function name.

ETIE - 32 [Interior-Light:Scenarios] - | Ellil

File Search Options Help

gl ?Ll?fl IScenariDs j

E}@ E xternal Functions

6 .
- 2, LightJff

-
...... Y LightOn

Fig. 17 Stubs are provided for LightOff() and LightOn()

2452 Component Functions in the Interface

In the section “Component Functions” of the interface, all functions of the component Interior-Light
were listed. Astonishingly, this includes also static functions like iLightOn(), which are not callable from
outside the component.

Furthermore, to all functions a special symbol is attached (a crossed-out eye). This symbol indicates
that the variables used by this function are not visible in the interface. This is the reason that all
variables in the “Global Variables” section of the interface are “irrelevant”.

Background: Tessy assumes, that a typical component features much more variables that are “really”
internal to the component, i.e. variables that you don’t want to see in the interface of the component,
compared to variables, that you want to set or observe from the outside of the component during
testing. Therefore, Tessy hides initially all variables.
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You can make all variables used by a component function visible in the interface by selecting the
component function and using the context menu. In case a variable that you want to make visible in
the interface is only used in a static function, you need this static function to be listed in the
“Component Functions” section of the interface.

If you make any variable visible, the available passing direction will be the resulting passing direction
of the usage of this variable within all component functions. You may adjust the passing direction to
your needs.

2.45.3 Global Variables in the Interface

Because the function init() of the component Interior-Light uses all the variables we might be
interested in, it is convenient for us to make the variables used by init() visible.

[ETIE - 32 [Interior-Light:5cenarios] - II:I|5|

File Search Options Help

@ ?ll?Tl ISn::enari-:ns j

E-{'&‘i External Functions =]

G
----- %s LightOff
----- Ov, LightOn
E-{'&‘i Component Functions

----- qg,‘ iLightOf
----- qg,‘ iLightOn

= Funckion
zel_senz

----- _é,‘ zel_senzor_ignition
..... -é,‘ tick

Fig. 18 Making the variables used by init() visible

It is possible to reverse the effect.
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ETIE - 32 [Interior-Light:Scenarios] - | Ellﬂ

File Search ©ptions Help

gl ?ll?‘l‘l IScenariDs j

Es‘j&‘a External Functions -

G
----- g‘g Lightiff
----- g/ LightOn
Ei‘,}?:‘i Component Functions

----- _é, iLightOif
----- _é, iLightOn

" Hide Yariables used by this function
..... _]J;‘ et

----- -11;‘ zet_senzor_ighition

..... _]J;‘ ik

Fig. 19 Hide the variables used by init(). This reverses the effect of “Show Variables”!

With all the variables used by init() visible, the “Global Variables” section of the interface looks like
below.

- @ Global Variables
----- @ enum co_states sensor_door IInEI ut j
----- @ enum oo_states sensor_ignition IInEI ut j
----- @  enum co_states state_door IInEI ut j
----- @ enum oo_states state_light IInEI ut j
----- @ long tick:: Timer Ilrrelevant j

Fig. 20 The initial passing directions of variables used by init()

Tessy has set the initial passing directions of all variables used by init() to “InOut”, because all
variables are both read and written in the component.

The variable timer is still “irrelevant”, because it is not used by init().

Because we are only interested in the variables sensor_door, sensor_ignition, and state_door as
input, we set the passing direction for these variables to “In” manually.
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=}- @ Global Variables
----- @  ehum co_states senzor_door IIn j
----- @ ehum oo_states zenzar_ignition IIn j
----- @ ehum co_states state_door IIn j
----- @ enum oo_states state_light IInEIut j
----- @ long tick: Timer I [rrelenant j
Fig. 21 The final passing directions of variables used by init()

We save and close the TIE.

2.4.6 Define Test Cases (Scenarios)

2.4.6.1 Add Scenarios

Now we want to define scenarios (i.e. test cases) for the component Interior-Light. For the moment, we
content us with two scenarios:

1. Door closed: Light goes off after 5 seconds
2. Door closed + ignition on: Light goes off immediately

Please note:
It should be clear that these two scenarios are not sufficient for a serious test of the component.

File Tools Options Project Module  Testobject  Wiew window Help

e e h

be| S|kl 7] &=

ﬂDatahase: C: Tessy-Projects'Hitex_examples' Tessy'Hitex_examples.pdb

-3 o+
E| (] <ComponentTest

Marme Descripkion |

[ (8 Interior-Light #Add Scenario
i ; Oy SCEnatic CTRLH-E
Paste Scenartio TR

D Coverage Delete Scenario; DEL

Fig. 22 Adding a scenario

We add two scenarios in the component tab on the right hand side of Tessy’s main window.

Please note:

It is also possible (and recommended) to use the Classification Tree Editor CTE to specify scenarios
and to import these scenarios to Tessy. But systematic test case specification is not the emphasis of
this tutorial.
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Marme | Description |
5 1(1) Door closed, light off after 5 sec Doar is closed and ignition is not operated, Expe...

& 20)

Add Scenario INS
Copw Scenario CTRL4Z
Paste Scenario ETRLAY
Delete Scenario DEL

Edit Testdata. .,

Iritialize Scenario

Properties. ..
Wigw L4
Fig. 23 Specifying name and description for the scenarios by using the context menu

2.4.6.2 Edit Test Data

By double clicking on the scenario icon, the Test Data Editor (TDE) opens.

[ETDE [Interior-Light:5cenarios, 1,1] ;IEIII

File Edit Search Tools ©Options Help

&S| 242 EddEd =l =

Specification: ;I Description:
Daar iz closed and ignition iz not operated. Expected reaction: Light goes of a

4 | I

enum co_states sensor_door I I ‘o enum oo_states state_light I A l I == VI
enum oo_states sensor_ignition I 'I {ﬂv} Parameter

enur co_states state_daor I 'l {ff; Return

@ enum oo_states state_light I 'l E Dynamics
{ﬁv} Parameter
E Dynamics

Fig. 24 Initial contents of the TDE for the first scenario

This is similar to unit testing. However, with component testing, the left hand side of the TDE allows
specifying input data prior to the execution of a scenario; and the right hand side allows specifying

expected result after the execution of the scenario.
Therefore, on the left hand side, we specify the test input data that represents the initial state as
described above, i.e.

e Door = open
e Ignition = off
e Light = off
This state is also achieved by executing the init() function of the component.
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ETDE [Interior-Light:Scenarios, 1,1] ;lglil

File Edit Search Tools oOptions Help

=) 2 e [ =i =

Specification: ;I Description: ;I
Door iz closed and ignition iz not operated. Expected reaction: Light goes of a

hd| kd|
gl i K | H

enum co_states sensor_door IDI:'en VI e @ enum oo_states state_light aff hd IE
enum oo_states senzor_ignition off - {-_'Jv} Parameter
enum co_states state_door IDI:'en VI {"i; Return
- @ enum oo_states state light off - E Dynamics
{ﬁv} Parameter
E Dynamics

Fig. 25 Test data for the first scenario in the TDE

We use the same data also for the second scenario.

ETDE [Interior-Light:Scenarios, 2,1] - |EI|5|
File Edit Search Tocls Options Help

=| 2z e T =i =

Specification: ;I Description: ;I
Door iz clozed and after that, ignition is switched on, Expected result; Light go
gl 3 | D

enum co_states sensor_door IDI:'en 'I L@ ehum oo_states state_light off - IE
enum oo_states sensor_ignition off - {i} Parameter
enum co_states state_door IDDEh VI {"i; Return
enum oo_states state_light off - E Dynamics
{i} Parameter
E Dynamics

Fig. 26 Test data for the second scenario in the TDE

The scenarios are now yellow, because test data is present. The little clock icon is still grey because
we did not yet specify any stimulation of the component within a test scenario. This will be the next
step.

Marme | Description
% 1(2) Door closed, light off after Ssec  Door is closed and ignition is nok operated, Ex
= 2(1) Door closed+ignition on, light of... Door is cosed and after that, ignition is switch

Fig. 27 Two scenarios with test data in Tessy’s component window
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24.6.3 The Scenario Editor (SCE)

To design scenarios, i.e. test cases for components, the so-called Scenario Editor (SCE) is used.

File Tools Options Project Madule  Testobjeck  Wiew

ol S|Elalg] 2=

FelDatabase: C:' Tessy-Projects' Hitex_examples’, Tes

- [ c++

- [L3 ComponentTest
= (58] Interior-Light

Edit Testdaka...
EdiEllcerrads

e a SCEnarios

M- O Coverage Import/Expart

[ ) Edit Interface...
(] Diff Define Testcases.,. .
[:l raphics Design Scenarios. ..
.

-] Is_val_in_range

Fig. 28 Opening the Scenario Editor (SCE) by using the context menu

File Tools Options Project  Module

n{=| SlEka 4] &

FelDatabase: C:' Tessy-Projects’, Hil
- [ C++

= £ ComponentTest
[ (@ Interior-Light

o ¥ 5 ccrarics

M- (] Coverage

Fig. 29 Opening the Scenario Editor (SCE) by using the scenario editor’s icon
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[ SCE - Tessy Scenario Editor _|Ol x|
File Help
[ Scenario Project = O || &3 component Functions - # External Function Calls | T Variables} = O || 2 poor closed, light off after 5se 52 =0
|2 Declarations b G2 - M E RN
| Definitions
: - o InIT
=% Stub Functions “'f;'s'n't() ______ Erd of 5 0. 0
% |ighton 354 set_sensor_jgnitionienum oo_states i) (End of Scenario, O ms]
: o Lightoff &;.‘.5 set_sensor_doar{enum co_states d)
E|I'_3? Scenarios i tick()
[ 1 Daor dosed, light
"% 2 Door dosed-+gniti|| || | o
= User Code B2 = Eq
_I El Propetties T pckual Call Trace | © — O
Properties are not available,
-
1] E
4 I I _>| Declarations | Definitions | Stub Code
Fig. 30 Initial view of the Scenario Editor (SCE)

On the left hand side, in the Scenario Project, we see the two stub functions that we have specified in
the TIE.

Below the stub functions, we see the two scenarios that we have defined in Tessy’s component
window.

In the middle, we see three tabs: Component Functions, External Function Calls, and Variables.
Component Functions

This tab lists the functions of the component that can be called from the outside of the component. The
component functions stimulate the component. The component functions are used to design the
scenario.

Please note that the static functions, e.g. iLightOff(), are not listed here. This is different to the section
“Component Functions” in the TIE.

Setting the work task

As we know, the implementation of the component Interior-Light assumes that the function tick() is
called every 10 ms. l.e. the function tick() is the work task or handler task or heartbeat of the
component. To enable Tessy for temporal component testing, Tessy must know about this. l.e. we
must specify tick() as work task for the component.

© Copyright 2009 Hitex Development Tools GmbH Page 21/41



Tessy Tutorial: Component / Integration Testing

hitex s

DEVELOPMENTTOOLS

Fig. 31 Specifying tick() as work task for the component

(e - o
== f Component Funckions % External Function Calls | T '-.-'arial::les} @' T O 2 o
Lo imit |Set as Work, Task,
5,,':?,5 set_sensor_ignition{enum oo_skates i) i
soh set_sensor_door{enum co_states d) el

To specify tick() as work task, select tick() and then click on the “work task” button, as in the figure

above. As a result, the icon of tick() changes.

Please note:
Scenarios have to be present to be able to set the work task.

f ne
124 Component Functions .;ﬁ Exkernal Funckion Calls | ] 'u'arial:ules}

b init)

5,,':,5 set_sensor_jgnition{enum oo_skates i)

< et_sensor_door{enum co_states d)
@ k()

Fig. 32 tick() is set as work task for the component

External Function Calls

(&,,,.ﬁ Component Functions (ﬁ External Function Calls L=l '-.-'arial:ulesw

% Lighton()
- Lightoffo)

Fig. 33 The tab “External Function Calls”

The tab “External Function Calls” displays the two functions LightOn() and LightOff() that the
component Interior-Light supposes in another component. Tessy provides stub functions for these two

functions for component testing.
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Variables

g =
454 Component Funckions (ﬁ Exkernal Funckion Calls (l'_l Wariables |

3_1 state_light

| state_door
bl sens0r_ignitian
bl sensor_door

Fig. 34 The tab “Variables”

The tab “Variables” displays the variables. These variables were made visible in the TIE. The small
arrows indicate the passing direction of the variables. The passing direction is “InOut” for state_light
and “In” for the other variables. The passing directions were specified in the TIE.

Properties

To see the properties of the scenarios, select “Scenarios” in the “Scenario Project” tab on the left hand
side of the SCE window.

-
= Scenario Projeck =8

_-_.:I Declarations
_-_.:I Definitions
=% stub Functions
- -4® Lighton
wol B LightoFf

: SCEnarios
----- Y 1 Daor closed, light off after 5 sec
L2 2 Door closed-+Hgnition on, light off immediately

Fig. 35 Select “Scenarios” in the “Scenario Project” tab

Then the properties are displayed.

-~

E Properties T Ackual Call Trace} ~ =0
.
Scenario

General

Tirne Unit: ms v

Fig. 36 The General Properties display the distance between calls to the work task

The Tessy default distance is 10 ms. This fits to the assumptions of the component Interior-Light.
Therefore, it does not need to be changed.
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e —

|| Propetties T Actual Call Trace} ¥ =
Gereral Work Task
Work Task L? Fick

Fig. 37 The General Properties display the name of the work task

Select a certain scenario in the “Scenario Project” tab on the left hand side of the SCE window.

' .
[= Scenario Project = 0
o E-_cl Ceclarations
----- _?-_-:I Definitions
Eﬁ Sktub Functions
4% Lighton
-l d Lighkoff
=% Scenarios
Rl | Door closed, light off after 5 sec
L[4 2 Door closed-+gnition on, light off immediately
Fig. 38 Select a certain scenario in the “Scenario Project” tab
Then the properties of this scenario are displayed.
f_| _ Ty
L= Properties T Ackual Call Trace} ¥ =0
- | .
scenaris | D00OF closed, light off after 5 sec
General Marme; Door closed, light of f after 5 sec
Work, Task,
Duration: ]
Skep With: 10
Time Unit: s
Fig. 39 Properties of a certain scenario

The duration of the scenario will be calculated automatically as soon as you build the scenario. It
depends on the content of your scenario.
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24.6.4 Design Scenarios Using the Scenario Editor (SCE)

Scenarios (i.e. component test cases) are designed in the window in the upper right corner of the
SCE.

First Scenario

Y Door cased, light off after S sec 23 =0

Y
*®

‘@ [End of Scenario, O ms]

Fig. 40 Initial view of the first scenario

Because we want to test the temporal behavior of the component, we need to establish a time base.

We do this be clicking several times on the 3 button or by using the pull-down menu.

-
= Door closed, light off after 5 sec 23 = EW
R R
-0 INIT Insert Timestep
e [End of Scenario, 0 ms] Insert Timestep At...,
Fig. 41 How to insert time steps in a scenario
' = 5
= Door closed, light off after 5 sec &3 B
" XF R
-0 INIT
= %) 0ms
= %) 10ms
T 20 ms
...... h 3':' ms
------ [End of Scenaria, 30 ms]

Fig. 42 The first scenario with a few time steps

The scenario above consists of 4 calls to the work task, i.e. tick() in our case. The calls occur at 0 ms,
10 ms, 20 ms, 30 ms simulated time. Nothing happens otherwise.

Obviously, it is possible to do something prior to the first call to tick() at 0 ms simulated time, i.e.
between INIT and 0 ms. The idea is to do the initialization of the component at this time, if this should
be required.
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Please keep in mind, that prior to INIT the variables are initialized with the input data for the scenario
from the left hand side of the TDE.

To stimulate the component besides the calls to tick(), you can simply drag&drop a function from the
Component Functions to the scenario.

s s
% Door closed, light off after 5 sec &3 =0
S EEE
------ [l o7 [—
...... A I:I m
...... A 1':' ms
...... A 20 ms
...... A 30 ms
------ [End af Scenario, 30 ms)

Fig. 43 The component function init() is dragged to the scenario

" = i
% Door closed, light off after 5 sec &3 8

@ - ¥ = B[R

=0 It

------ S8 k)

Fig. 44 Init() is now dropped to INIT

In the scenario above, the call to init() might be superfluous, because init() should set the variables to
the same values as they will be set by Tessy due to the settings in the TDE. However, with different
values in the TDE, it can be checked if the call to init() initializes the variables as expected.

Now we stimulate the component actually. We drag the component function set_sensor_door() to 30
ms simulated time.

i = T
5 Door closed, light off after S sec &3 |
CRN . NG
-0 T
b "-.‘i} it )

Fig. 45 set_sensor_door() is dragged to 30 ms simulated time
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With set_sensor_door() marked in the scenario, we can specify a value for the parameter of
set_sensor_door() in the properties of set_sensor_door().

' Ty
% Door closed, light off after 5 sec &3 =8
@ - % =N
SR gy
S fEh k)
..... &) 0ms
..... | 1|:| ms
..... A 2|:| ms
I'_-'I‘ﬂl 30 ms
f-'jﬁ sek_sensor_doofd=)
----- [End of Scenario, 30 ms;
.’__| _ - o hy
|| Propetties TS Actual Call Trace} 8
Function  5et_sensor_door
Paramekter:
Mame | TypeE | Walue
d ENUM CO_5.., | Closed
Fig. 46 The parameter of set_sensor_door() is set
i = “
= Door closed, light off after 5 sec &3 |
PR
=0 T
“eGEh k)
..... W |:| ms
..... W 1|:| ms
..... A 2|:| ms
=) 30 ms
------ ‘:,;:ﬁ set_sensor_door{d=closed)
----- [End of Scenaria, 30 ms]
Fig. 47 The scenario with the stimulating call to set_sensor_door()

In the scenario above, after the fourth call to tick(), Tessy calls the component function
set_sensor_door() with a parameter value of “closed”. This should cause the component to react by
calling LightOn(). From the implementation of Interior-Light we know, that this call will happen one tick

later, i.e. after Tessy has called tick() a fifth time, at 40 ms simulated time.

We can specify this expected result by dragging the function LightOn() from the “External Function

Calls” tab to 30 ms simulated time.
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-
% Door closed, light off after 5 sec &3

m

R,

ENSE

----- é::ﬁ seb_sensor_door{d=closed)
bl LighkOn(d [30 - 30 ms]
----- [End of Scenario, 30 rms]

Fig. 48 The scenario with the call to LightOn() as expected result

The scenario above expects the call to LightOn() to happen in the time frame [30 — 30 ms], i.e. prior to
the fifth call to tick(). However, we know that the call will occur one tick later, and we want to treat this

behavior as correct.

With LightOn() marked in the scenario, we can extend the time frame.

.
Y Door cosed, light off after 5 sec 23

@ - X = EN

ENSE )

I'_—'IQ’) 30 ms
----- ":,:,5 set_sensor_door{d=closed)

ol LighbOnd) [30 - 30 ms]
----- [End of Scenaria, 30 ms]

=
T Properties T Ackual Call Trau:ew ¥ =0
oy
Function nghtDn
Expected Call Count: | 1|
Tirne Frame: |

Fig. 49 The time frame for the call to LightOn() is extended by 10 ms
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i o |
= Doaor cased, light off after 5 sec &3 i

@ - ¥ = e

fa)

ENSE

Fig. 50 The scenario with extended time frame for LightOn()

Besides the call to LightOn(), we also expect a call to LightOff(). Because in this scenario the ignition
will not be operated, we expect the call to LightOff() to occur 5 seconds after the call to
set_sensor_door() at the latest.

We drag LightOff() to 30ms and extent the time frame by 5000 ms.

i = .l
% Door closed, light off after 5 sec &3 |

CRE . JERER

ENSR;

----- 5,;.,5 sek_sensor_door{d=closed)

------ % Lightoff() [30 - 5030 ms]

bl B Lightondy [30 - 40 ms]
----- [Erd of Scenario, 5050 ms]

f_| _ T
|| Propetties TS Ackual Call Trace} ¥ = O
.
Function nghthf
Expected Call Count: 1
Time Frame: 000

Fig. 51 The scenario with extended time frame for LightOff()

In the scenario above, we have specified that we expect the call to LightOff() after 5 seconds at the
latest, i.e. we would take a call to LightOff() after, say, 4 seconds as a correct result.

Our scenario is now complete. We can save our work in the SCE (File > Save).
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B SCE - Tessy Scenario Editor
Fil=  Help

[ Scenario Projeck = EW

- Declarations
i 2| Definitions

Fig. 52 Saving the work done in the SCE

Second Scenario

E SCE - Tessy Scenario Editor
Fil=  Help

| H

-
= Scenario Project = 0

o _5;-:] Declarations
----- Q Definitions
Elﬁ Stub Functions
- 0 Lighton

i ® Lightof
=% Scenarios

Fig. 53 We select the second scenario

As for the first scenario, we insert five time steps into the scenario. Then we drag&drop the component
function set_sensor_door() to 10 ms simulated time. Then we set the value of the parameter to
“closed”. To specify the expected behavior, we drag&drop the function LightOn() from the “External
Function Calls” tab to 10 ms simulated time. We extend the time frame for LightOn() by 10 ms. This is

all done like in the first scenario.

i = iy
= Door closed, light (I'_*—? Coor closed+ignit #32 B

CRE JENER

5,;:,5 set_sensor_door{d=closed)
: ol Lighton( [10 - 20 ms]
; ..... | ZI:I ms

Fig. 54 The second scenario (intermediate state)
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In the second scenario, the ignition shall be operated. We could do this by using the function
set_sensor_ignition() from the “Component Functions” tab. This would be very similar to using
set_sensor_door(). We would set the parameter of set_sensor_ingnition() to “on” and not to “closed”,
but that would be the only difference.

However, to demonstrate the use of variables in the scenario, we use the variable “sensor_ignition” for
the purpose to switch the ignition on. We drag&drop the variable “sensor_ignition” from the “Variables”
tab to 40 ms scenario time.

r = "y
% Daoor cased, light (B’ Door daosed+ignit 23 |

Fig. 55 The second scenario (intermediate state)

With sensor_ignition marked, we are able to set the input data for that variable to on.

i = Ty
= Door closed, light (I'_t'.’ Coor closed+ignit 23 B

@ - X 3 E N

------ 553 set_sensor_doorfd=closed)

------ ¥ Lighton() [10 - 20 ms]

=
T Propetties T Ackual Cal Trace} ¥~ =0

sensor_ignition

Passing: | In |z|

Input Value: | fon |

Yariable

Fig. 56 The second scenario (intermediate state)
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For the component Interior-Light, setting of the variable sensor_ignition causes the same effect than
calling the function set_sensor_ignition() with the parameter “on”. (Actually set_sensor_ignition() sets
sensor_ignition.) The expected result of that action is the interior light going off immediately, i.e. after
the next call to the work task tick(). This is specified in the scenario by drag&drop of the function
LightOff() to 40 ms simulated time and by extending the time frame by 10 ms. This is done very similar
as in the first scenario.

i = ~
= Door closed, light (I'_:E Door closed+ignit &3 |

@ - X E N

------ 5 set_sensor_door{d=closed)

w8 Lightondy [10 - 20 ms]

I':'IV 40 ms
o 7 sensor_ignition
bl B LightoFF() [40 - 50 ms]

----- [End af Scenario, 50 ms)

Fig. 57 The second scenario (final state)

Please note:

The second scenario does not comprise a call to init(). This does not cause the scenario execution to
fail, because the initialization of the variables is done by Tessy, with the values that were specified in
the TDE.

Save your work in the SCE.

2.4.7 Execute the Scenarios

After we have saved our work in the SCE, we select the scenarios in Tessy and then execute the tests
(using the Tessy menu Testobject > Execute Test).
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Mame: | Description | Specification
= 1£1) Door closed, light off after 5 sec
= 2(1) Door closed+ignition on, light off immediately

Execute Test x|

v Generate Driver
¥ Fun [ Testcases separately Cancel |

— Ingtiumentation

INu:une j

— Debugger
[ Define Breakpoint

Fig. 58 Execute the test/scenario
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2.4.8 View the Results

2481 Overall Results

After the scenarios were executed, the color of the icons of the scenarios are changed to green. This
indicates an overall “passed” verdict.

Marne | Descripkion
¥ 1(1) Door closed, light off after S sec  Door is closed and ignition is not ope
® 2(1) Door closed+ignition on, light ... Door is closed and after that, ignitio

Fig. 59 Results in Tessy’s component window

2.4.8.2 Results in the TDE

Double-clicking on the icon of the first scenario opens the Test Data Editor (TDE) with the initial and
final data for the first scenario.

ETDE [Interior-Light:Scenarios, 1,1] - |EI|5|
File Edit Search Tools Options Help

= et el K =i =

Specification: ;I Description: ;I
Door i clozed and ignition iz not operated. Expected reaction: Light goes of a

LI hd
4] ] [C]

___3’ Er g | B

- @ ehum co_states sensor_door Dpen E---num oo_states state light off - IE
@ enum oo_states sensor_ignition off i {ﬂv; Harameter |Actua'| VR = O‘F‘F|
@ ehum co_states state_door IDIJBn 'I {ff; Return
- @  enum oo_states state_light off - E Dynamics
{1} Parameter
E Dynamics

Fig. 60 Results in the TDE for the first scenario

Please note the green tick mark in the figure above.
The results in the TDE for the second scenario are the same as for the first scenario.

© Copyright 2009 Hitex Development Tools GmbH Page 34/41



Tessy Tutorial: Component / Integration Testing

hitex s

DEVELOPMENTTOOLS

2.4.8.3 Results in the TDE

The “Scenario Project” tab gives overall results for the two scenarios.

i I
% Scenario Project = 8

i] Declarations
i Z Definitions
=% stub Functions

------ % Lighton

----- 0% 1|Door dased, light ofF after 5 sec
o 0 2Door dosed-Hignition on, light of f immediately

Fig. 61 Overall results in the SCE

Please note the green tick marks in the figure above.

' = T
% Door closed, light &3 = Daar clused+ignitﬂ i

& - ¥ 5 R

Il,

B0 T

...... 5‘;:1; it )

Fig. 62 Results of the first scenario in the scenario window of the SCE

Please note the green tick marks in the figure above.

For each scenario execution, Tessy records a call trace. To see the call trace belonging to a scenario,

select the scenario in the “Scenario Projects” window.
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-
= Scenario Project = O

;] Declarations

o i] Definitions

= ﬁ Stub Functions

R ﬁ LightCn

P B Lightoff

=- E,a Scenarios

I:,a 1 Door clased, light off after 5 sec
E,a 2 Dot closed+Hgnition on, light off immediately

Fig. 63 Select scenario to see its call trace

g — 4
= Properties T Ackual Call Trace & = 0

-9 TNIT ﬂ

‘e,,,.ﬁ sek_sensor_door
El Q 40 ms

- 1_51:' ick,

P e ﬁ Lighkon

El Q 50 ms

...... d,:' Fick

Fig. 64 Call trace of the first scenario of the SCE (initial view)

The call trace displays the stimulating calls and the calls to other components. It is possible to hide the

time stamps containing only calls to tick() by using the button ﬁ
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g = i
T Properties | == Actual Call Trace ® = 0

E|Lf,) 40 ms
B tick

P e ¥ Lighton
=) 5030 ms
- tick

------ B Lightorf

Fig. 65 Call trace of the first scenario of the SCE (collapsed view)

s — ™
= Door clased, light (EJ Dioor closed-+igriti 2 i

Elug 10 ms

----- ‘:,,':ﬁ sek_sensor_door{d=closed)
3 LighbOn( [10 - 20 ms]
e [200- 30 mis]

I':'I\Q 40 ms

----- Ll sensor_ignition

------ S5 LightorF() [40 - 50 ms)
----- [End of Scenario, S0 ris]

Fig. 66 Results of the second scenario in the scenario window of the SCE
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f
= Properties o7 actual Call Trace

N = 0]

‘a,,fﬁ set_sensor_door
EI@ 20 ms
B tick
o ﬁ Lighkon
E-1¥) 30 ms
1.? Fick
EI@ 40 ms
L? kick
EI@ S0 ms
- tick

------ % Lightoff

Fig. 67 Call trace of the second scenario of the SCE (initial view)
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3 Variations of the Example

This section shall give inspiration for own experiments (or for extensions of this tutorial in the future).

3.1 Check initialization

3.1.1 Data from the TDE

Change the initialization of the test input data of the scenarios in the TDE.

Scenario 1 still will pass, because init() provides the correct initialization in spite of “inappropriate” data
in the TDE.

Scenario 2 probably will fail (depends on your new data in the TDE).

3.1.2 Data from init()

If init() initializes the variables to “inappropriate” values, the scenario will fail, regardless of the values
in the TDE.

3.2 Check Final State

Change the expected result in the TDE for the variable state_light to “on”. This will cause the scenario
to fail.

3.3 Check Intermediate State

Check the value of the variable state_light during a scenario execution. Verify that state_light is set to
“on” at some point in time.

3.4 Check That Event Is Not Happening

Check that an event is never happening or not happening in a given time frame. Such an event could
be a call to an error routine or the like. Or check that LightOff() is not called until five seconds are
passed.

Hint: Use events with call count 0, e.g. LightOff() CallCount=0 [30-5020 ms]. This will require LightOff()
CallCount=1 [5020 — 5030 ms] to check that the light goes off as required.

3.5 Unite LightOn() and LightOff()

Use Light() instead of LightOn() and LightOff(). The parameter of Light() indicates if the light should be
on or off.

void Light (int OnOff)
{

Light = OnOff;
}

Fig. 68 Suggested implementation of Light()

Use Eval macros in the stub functions to find out if Light() was called with the correct value in its
parameter.
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3.6 Use an Second Component

Provide light_control.c as implementation of the component Light-Control.

void LightOn (void)
{

Light = 1;
}
void LightOff (void)

{
Light = 0;
}
Fig. 69 Suggested contents of light_control.c

Now the “extended” component comprises two source files. How does the interface look like?
Now the value of the variable Light is the actual result of the scenario. How to check this?

3.7 Change the Time Base

Change the time base in the implementation of interior_light.c from 10 ms to 20 ms. This will cause the
scenarios to fail.

Change the time base in the scenario also from 10 ms to 20 ms to remedy the problem.
Caution: This is not reversible!
Caution: Lower resolution causes inaccuracy.

3.8 Several Handler Functions

Is it possible to have several handler functions for a component? Can these different handler functions
be called at different timely distances?

This would allow integrating a “producer” component and a “consumer” component to a single (bigger)
component. Producer and consumer could run at a different pace - waits, overflows, etc.

3.9 Specify Scenarios in the CTE

Use the Classification Tree Editor CTE to specify scenarios. Import scenarios to Tessy.
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4 Versions Used

Work was started in May 2009, using a beta version of Tessy V2.9.
All examples were executed using the Gnu C compiler delivered with Tessy.

5 The Author
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