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TorXakis : Installation

1. Installation: https://github.com/TorXakis/TorXakis/

2. Windows : Get and install TorXakis.msi
Also Linux and Mac-OS

Windows installation : C:\Program Files (x86)\TNO TorXakis\TorXakis
Download examples https://www.cs.ru.nl/~tretmans/exampsWS.zip
Optional: install notepad++ plug-in for keyword high-lighting

Optional: install eclipse plug-in for syntax directed editing (readme.txt)

A L

For some SUTSs, install JDK* — Java Development Kit

* http://www.oracle.com/technetwork/java/javase/downloads/
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TorXakis

View on Systems and Models
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TorXakis : A Black-Box View on Systems

SUT

real, black-box system

Channels with messages
e Inputs Channels:

communicating with its
A Int; B :: Struct

environment
* Qutput Channels:

_ via messages on input- and
X Int; Y ::String

output channels

Y! yes

B?s X1 n+l
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TorXakis : A View on Models

¢ labelled transition system

with parameterized actions on
Input- and output channels
A?n
]
Not (yet) in TorXakis:
* real-time

« probabilities

« derivatives (hybrid)
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Model-Based Testing

TorXakis - The Tool
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TorXakis : An On-Line MBT Tool

ass fail
////L— 7
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TorXakis and SUT

pass fail
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TorXakis and SUT

CHANDEF MyChannels

Stim ;

Resp @

ENDDEF

MODELDEF Mod

: win-im model.txs

BEHAVIOUR
Stim >-> Resp ‘
h ENPDER
CNECTDEF Sut

;= CLIENTSOCK

[
CHAN OUT Stim HOST "localhost” PORT 7890
ENCODE Stim -> !"stim*

CHANIN  Resp HOST "localhost" PORT 7890
DECODE Resp <-?s
ENDDEF

/usr/bin/bash --login -I C\MyData\TorXakis\Workshop\examps\rivercrossing\sutRiver.sh | = XS

imp12stderr:
imp12stde The current state: Wolf Cabbage Goat Farmer |RIVER|
imp12stde gl x
imp12stderr: Which item do you want to transport? /usr/bin/bash --login -i C:\MyData\TorXakis\Workshop\examps\rivercrossing\sutRiver.sh | =
impl2stderr: Type c?(abbage), g?(oat), w?(o1f),or n?(othing): inp12stde
imp12stde impl2stderr: The current state: Wolf Cabbage Goat Farmer |RIVER|
impl2stderr: Which item do you want to trans ? imp]2stde e
imp12stde Type c?(abbage), (oat), w?(o pl which item do you want to transport?
imp12stde p12s Type c?(abbage), g r
impl2stde which jyt;em do - 010 which item do
imp12stderr: Type c?(abbag . : ): Type c?(abba
impl2stderr: in
impl2stde hd por imp d Which item do you wan
imp12std . r a pl2stderr: Type c?(abbage), og
imp12s
imp12s you want to transport?
impl2st Plabbage), g?(oat), w?(olf),or n?(othing):
imp12st 1p12 0 rt?
imp12stde Which item do you want to transport? imp 2(. (oat), ),or n?(othing
imp12stde Type c?(abbage), g?(oat), w?(o1f),or n?(othing): 2
imp12stde
impl2stderr: which item do you want to transport? )
imp12stderr: Type c?(abbage), g?(oat), w?(ol1f),or n?(othing): | h12s { which Stenvdo vouswant 7

Type c?(abbag { ; ),or n?(othing)

Which it
e

),or n?(othing):

Which item do you want t
Type c?(abbage), g?(oat),

client €= server

_ host portnumber 9

pass fail ~socket



Embedded Systems

Innovation BY TNO

TorXakis : Installation

1. Installation: https://github.com/TorXakis/TorXakis/

2. Windows : Get and install TorXakis.msi
Also Linux and Mac-OS

Windows installation : C:\Program Files (x86)\TNO TorXakis\TorXakis
Download examples https://www.cs.ru.nl/~tretmans/exampsWS.zip
Optional: install notepad++ plug-in for keyword high-lighting

Optional: install eclipse plug-in for syntax directed editing (readme.txt)

A L

For some SUTSs, install JDK* — Java Development Kit

* http://www.oracle.com/technetwork/java/javase/downloads/
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TorXakis

1. My First TorXakis Test Run

2. My First TorXakis Model

— Channels
—  SUT
— Model

3. More TorXakis Models and Runs

11
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TorXakis

1. My First TorXakis Test Run

sponse/ del/SRfinite-txs

/mo

12
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TorXakis : Running a Test (Windows)

1. Start two Command Prompt windows, one for TorXakis, one for the SUT

2. There are three versions of SUT.:
—  pre-compiled (Windows) executable \winexe

— Javasource * \jJava
— simulated TorXakis model \model
3. In SUT window, start SUT: SRfinite.exe 7890
4. In TorXakis window, go to ...\examps\StimulusResponse\model
5. Start TorXakis with the model file C:> torxakis SRfinite.txs
6. In TorXakis start the tester TXS << tester Mod Sut
7. In TorXakis run 4 test steps TXS << test4
8. Try some other TorXakis command TXS << help

* http://www.oracle.com/technetwork/java/javase/downloads/
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Running TorXakis and SUT

$ torxakis SRfinite.txs
TXS >> TorXakis :: Model-Based Testing

TXS >> txsserver starting: "PC-14411.tsn.tno.nl" : 9876

TXS >> input files parsed: SRfinite.txs

TXS >> smt solver initialized: Z3 [4.4.2 - build hashcode ed4db7ac37£38f]
TXS >> txsserver initialized

TXS << help

14
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Running TorXakis and SUT

TXS >> tester Mod Sut

TXS >> test 4

TXS >> ....1: IN: Act { { ( Stim, [] ) } }
TXS >> ....2: OUT: Act { { ( Resp, []1 ) } }
TXS >> ....3: OUT: No Output (Quiescence)
TXS >> ....4: OUT: No Output (Quiescence)

TXS >> PASS

TXS <<

15
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TorXakis

2. My First TorXakis Model
— Channels
—  SUT
— Model

21
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TorXakis : Definition of Channels

MODEL

Stim labelled transition system

with parameterized actions on
Resp

Input- and output channels

CHANDEF MyChannels

Stim ;
Resp
ENDDEF

22
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TorXakis: My first model

MODEL

Stimulus labelled transition system
with actions on input-

Response and output channels

MODELDEF MyModel

CHAN IN Stim
CHAN OUT Resp

BEHAVIOUR Stim >-> Resp

ENDDEF

S
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TorXakis : Definition of SUT
SUT

Stim real, black-box system

Resp CNECTI SUT communicating with its environment

via messages on input- and
channels socket

output channels
CNECTDEF Sut

CLIENTSOCK
CHAN OUT Stim HOST "localhost" PORT 7890
ENCODE  Stim -> | "stim“
CHAN IN  Resp HOST "localhost" PORT 7890
DECODE Resp <- ?s

ENDDEF B

- 24
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TorXakis

2. My First TorXakis Model
— Channels
—  SUT
— Model

25
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TorXakis

3. More TorXakis Models

26
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TorXakis: Process Definition

Stim Stim
Resp Resp
Stim Resp
Stim
Resp

- 27
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TorXakis: Process Definition

Stim
MODELDEF Spec
Resp .
CHAN IN Stim
® CHAN OUT Resp

BEHAVIOUR

Stim >-> Resp

ENDDEF

28
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TorXakis: Process Definition

PROCDEF stimResp [ Stm,Rsp] ()

_ Stm >-> Rsp
Stim ENDDEF
Resp MODELDEF Mod
CHAN IN Stim

CHAN OUT Resp
BEHAVIOUR
stimResp [ Stim, Resp ] ()

ENDDEF -

- 29
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TorXakis: Process Definition

Stim

Resp

PROCDEF stimResp [ Stm, Rsp ] ()
Stm
>-> Rsp
>-> stimResp [ Stm, Rsp ] ()
ENDDEF

MODELDEF Mod
= CHAN IN Stim
CHAN OUT Resp

BEHAVIOUR
stimResp [ Stim, Resp ] ()
ENDDEF

30
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TorXakis identifiers:

TO rxakl S. ExerC 1IS€ Type, Constructor, Model, Cnect: start with capital

Make a model for the Iooping Function, Constant, Variable: start with small letter

StimulusResponse system

(or look at SRloop.txs)

Test SUT SRloop.java/ .exe
against your looping StimulusResponsemodel (SRloop.txs)

Test the finite system SUT = SRfinite.java/ .exe

against your looping StimulusResponsemodel.

Repeat for the looping SUT = SRloop.java/.exe

against the old model = SRfinite.txs.

Explain the results.
- 31
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TorXakis: Exercise Result

\TS“”‘ impl%ents

Resp .
|0ﬁ)

Stim Resp

: Stim
Implements

Stim Resp

lI0CO Resp

32



Embedded Systems

Innovation BY TNO

TorXakis: Exercise

Experiment, using testing, simulation, or stepping, with
SRfinite.txs, SRInone.txs, SRloop,txs, SRnone

and corresponding SUTSs.

If you have JDK installed you can make mutants,

l.e., small modifications/errors in the Java SUTS,

and see whether you can detect the errors.

33
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TorXakis
More Models

Composition and Representation

34
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TorXakis : Definitions

SH— data
el
€ TorXakis input =

e type TYPEDEF
list of definitions _
e function FUNCDEF
e constant CONSTDEF
pass fail
test architecture .
behaviour /
* channels CHANDEF labelled transition system
. model MODELDEF . process PROCDEF

- connection ~ CNECTDEF . state automaton STAUTDEF —
- 35



Embedded Systems

Innovation BY TNO

TorXakis ;. Defining Behaviour - STS

basic behaviour complex behaviour
= transition system = combining transition systems

 named behaviour definition
 named behaviour use

e sequence

* choice

e parallel

e« communication

» exception

* interrupt

* hiding

36
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TorXakis: Choice

Resp Stim Err

-- Stimulus-Response with Error

PROCDEF errSR [ Stim, Resp, Err] ()

Stim >->
( Resp >-> errSR [Stim,Resp,Err] ()
i
Err  >-> errSR [Stim,Resp,Err] ()
)
ENDDEF

- 37
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TorXakis: Parallel Interleaving

Stiml‘ ’Respl ‘ ‘ ‘ StimZ‘ ’Respz

Parallelism with interleaving:

stimRespl ||| stimResp2

38
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TorXakis: Parallel Communication

Stim1l M |[ M ]l M Resp2

Stim1l Resp?2

Parallelism with communication:

stimRespl |[M]| stimResp2

Resp2 Stim1

39



Embedded Systems
Innovation BY TNO

TorXakis: Communication + Hiding (abstraction)

Stiml Resp?2

s S Communication + Hiding:
T > HIDE [ M ]
IN
Resp2 Stim1 \ stimRespl |[[M]| stimResp2
®

/ 40
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TorXakis: Behaviour Compositions

Enable
procl [A, X] () .
S when procl finishes,
proc2 [B,Y] () proc2 continues
Disable
[>> procl [A, X1 0) the first action of proc2
oroc2 [B,Y] () disables procl
the first action of proc2
Interrupt procl [A, X] () disables procl;
[>< when proc2 finishes,
proc2 [B,Y] () procl continues

where it stopped
- 41



Embedded Systems

Innovation BY TNO

TorXakis: Exercise

Experiment, using testing, simulation, or stepping,

with the different models in SRparallel.txs ,

and various SUTSs.

If you have JDK installed you can make mutants,

l.e., small modifications/errors in the Java SUTS,

and see whether you can detect the errors.

42
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TorXakis

Data Definitions and Functions

43
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TorXakis: Data Types

« Standard types: Int, Bool, String, Regular Expression

« Algebraic data types

TYPEDEF Colour ::= Red | Yellow | Blue ENDDEF
TYPEDEF IntList ::= Nil
| Cons { hd :: Int
. tl: IntList
}

ENDDEF

44
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. TYPEDEF IntList ::= Nil
TorXakis: Funi ' Cons { hd :: Int

. tl o IntList
}

» Functions: name, pa _ -

« Overloading

« Standard functions for: Int, Bool, String, Regular Expression

FUNCDEF ++ (s::IntList; x::Int) :: IntList
IF isNil (s)
THEN Cons ( x, Nil)
ELSE Cons(hd(s), tl(s)++x)
FI
ENDDEF

45
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More Complex Data

Test data .
lata generation from
descriptions with COnStrain>t<SSD (XML)

n‘microsoﬂ.comfen-us;‘\ibrary/bbET5181‘a5px p -8 c; mSample XsD File: Customer.

File Edit View Favorites Tools Help

x Google « |} Zoeken --\-EﬁDe\en \ Meer »

<?xml version=“1.@“ encoding:"ut%—s“ >
(x5t schema xmlns:xs:"http:f/www.w3.orgfl@@l/XMLSchema“>
«xs:element name:'Root‘)
<xs:comp1exType>
(x5 :sequence’?
cxs:element namez'customers‘>
<xs:comp1exType)
(xs:sequence”
x5 element name:‘tustomer' type='(ustomerType' minOccurs:'E‘ maxoccurs=‘unbounded' 1>
<1xs:5equence>
</xs:comp1ex1ype>
(st:element)
cxs:element name='0rders‘>
<xs:c0mp1exType>
(x5 sequence”
COm I oxs:element name:‘Order‘ type='0r‘derType‘ minoccurs:'e‘ maxoccurs:'unbounded' I
p eX data (1xs:sequence>
</xs:complexType>
<jxs:element>
</xs:sequence>
<[xs:c0mp1exType>

Sample XML File: Test
Configuration

SmnMeXMLHmﬂéﬂ
Configuration in a Namespace

Customers and

3““””“'““h'"“”'“““‘ma‘Dwa cxsikey name:'customerIDKey'>

<xs:selector xpath:'Customers/tustomer‘/>
SarnpkeXhALFﬂe:hhnnedca\Data «xs:field Xpath='@CU5t0m€FID'f>
in a Namespace </xs:key?

oxskeyref name:‘customerIDKeyRef' refer:'customer[DKey‘>
SanuﬂeXbALF“e:Books «xs:selector xpath:'orders/Order'/>

exs:field xpath=‘customer10‘f>
<Ix5:keyref>
(/xs:element>
<xs:comp1exType name=‘Cu5tomerType'>
(x5 5equence’
(x5 element name:'CompanyName' type:‘xs:string‘f}
(xs:element name='contactName' type=‘xs:string‘f}
e eoslement name=‘ContactTit1e‘ type:'xs:string'/)
P +”ﬂ9='xs:string‘/>

Samnple XML File: Conso\idated
purchase Orders

BT by LY

46
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TorXakis

4. Even More TorXakis Models

48
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TorXakis Example :

Dispatcher-Processing System

52
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Example: Dispatcher-Processing System

input
jobs

dispatcher

processor processor processor processor

1 2 3 4

processed
jobs

..... \examps\Dispatch Procs
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Example: Dispatcher-Processing System

Start processor labelled

job \ ldle transition
system

Start Finish
processor
Processing
Finish
job PROCDEF processor

Start >-> Finish >-> processor

ENDDEF

DisPro01- :
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Example: Two Parallel Processors

Start Start

¥
84
¥

Finish Finish

55



—
Embedded Systems
Innovation BY TNO

Example: Two Parallel Processors

processor 1 processor 2

parallelism processor1l ||| processor 2
y
- 56
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Example: Dispatcher-Processing System

Start Start Start Start )
processor(i)
StartBnish Startﬁnish Start Finish
Finish Finish Finish Finish
parallel
composition

processors

processor(1) ||| processor(2) ||| processor(3) ||| processor(4)

57
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parallelism
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Example: Dispatcher-Processing System
Job dispatcher

dispatcher
Start Job Start
ar
processor
processor I[ Start ]|
Finish
Start Finish

DisPro02-dispatch.txs

59
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Example: Dispatcher-Processing System

Job

dispatcher

Job Start

Startﬁnish Startﬁnish

Finish Finish Finish Finish

dispatcher

composition
dispatch_procs

dispatcher |[ Start ]| processors

DisPro03-processors txs
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Example: Dispatcher-Processing System

Job

dispatcher

Start

Start | Rinish Startﬁnish
dispatcher

Finish Finish Finish Finish

I NN Job

abstraction
dispatch_procs
::= HIDE [ Start ]
IN
dispatcher |[ Start ]| processors
NI DisPro04-hidestxs
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Example: Dispatcher-Processing System

Job

Inputs: Jobl, Job2, Joba3:
dispatcher

Jobl

Finish Finish Finish Finish

uncertainty
no unigue expected
result

63
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Example: Dispatcher-Processing System

Inputs: Jobl, Job2, Joba3:

dispatcher
I N

Finish Finish Finish Finish

2

J
F2
J3
J3 F2 F3
F2

uncertainty
non-determinism

64



Embedded Systems

Innovation BY TNO

Example: Dispatcher-Processing System

FUNCDEF gcd (a, b ::Int) :: Int

IF a ==
THEN a
ELSE IFa>Db
THEN gcd (a-b,b)
ELSE gcd (a,b-a)
FI
FI
Start
Start ? job :: JobData
job

[[ isValidJob(job) ]

processor

Finish
job A\
/

jobdata.jobld >0
I\ strinre (jobdata.jobDescr, REGEX('[A-Z][0-9]{2}[a-z]+") )

state + data

o

Y

TYPEDEF JobData

;= JobData
{ jobld o Int
; jobDescr :: String
, X, ¥ o Int
}
Finish

I gcd (job.x, job.y)

FUNCDEF isValidJob (jobdata :: JobData) :: Bool

65



Embedded Systems
Innovation BY TNO

TorXakis
Model

mr_nr_nr_n..u...u...u.

L1
[Ty

Ln Lot

AL S B BT

oy o o
Ly Ba s

=l O oy oy [ s bt

e S R, R, R =] =] =] oy
H oo om T 5

(&= s 51

B om ooy

O L0 s G

0w e mom e

~

=l v tn Wk =D e m

0O o

O LN s

~J

wr

=

~1 o tn s g

~J

W by = o p (&1

[jEUNCDEF ged ( a, b - Int ) :: Inpt
IF a == b THFN a
ELSE IF a > b THEN ged la~-b, b }
ELSE ged | a, b - a)
FI
FI

ENDDEF

ﬂ]PROCDEF brocessor | Start .- JobData; Finish HE

Start ? jeb :: JobData
=l
Finish ! JobOut [ jobId(jab)
; Procnum
« ged | x{job) + ¥ijob) )
]
=

bProcessor | Start, Finish 1 { procnum }
ENDDEF

JobData; Finish ::

c]PROCDEF bProcessors [ Start :.
Processor | Start, Finish 1 { procnum }
[

[l procnum = 11711
ENDDEF

FROCDEF dispatcher [ Jokb, Dispatch JobData ] | }

Job 2 job :: JobData [ isValidanfjcb} 1]

Dispatch ! job

JobCut ] | Procoum ::

Int

Int

)

}

=>* processors [ Start, Finish ] | brocnum-1 )
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Demo: Dispatcher-Processing System

1. See ...\examps\dispatchprocess\....

2. Model ...A.model\DisPro10-data.txs

3. Correct SUT: ..\sut\Sut.java

4. Erroneous SUT: . AsutWithError\SutWithError.java
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TORXAKIS

pass fail

The next step in

Model-Based Testing
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