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What is Zen-RUCM?

/en-RUCM is a restricted NL-based,
model-based, scenario specification,
automated model generation,
verification and validation platform, with
tool support for software and system
engineering.

20-22/10/2015 User Conference
4 e on Advanced Automated Testing



Zen-RUCM - Architecture

xtensions

TR | US| I

IRUCM4RT I UCMetadRT aToucan4RT

he Zen-RUCM Framework

User Conference

Uz YRS on Advanced Automated Testing



T 0 K= MRS = I

] o5 | @2see OB

1E Mode plorer = (mE UseGas«eDiagramEiE
[@ Model Explorer 53 BE

¥ (== Model Example
‘l"ATM.rU{:m
¥ [ UCModel [ATM System)
¥ ¢ modelElements (10) ==
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RUCM Use Case Template

Use Case Specification

Use Case Name Withdraw Fund

Brief Description | ATM customer withdraws a specific amount of funds from a valid bank account.

Precondition | The system is idle. The system is displaying a Welcome message. Typ|ca| F|e|ds
Primary Actor ATM Customer
Secondary Actors | Card Reader
Dependency . INCLUDE USE CASE Walidate PIN
Generalization | None
Basic Flow Steps
(Untitled) ¥ 1 INCLUDE USE CASE Validate PIN.
2 | ATM customer selects Withdrawal through the system.
3  ATM customer enters the withdrawal amount through the system.
4 | ATM customer selects the account number through the system.
5  The system VALIDATES THAT the account number is valid.
& The system ‘IMLIDATES THAT ATM customer has enough funds in the account.

The system VALIDATES THAT the withdrawal amount does not exceed the daily .
limit of the account. Basic Flow

8 | The system VALIDATES THAT the ATM has enough funds.
9  The system dispenses the cash amount.

ﬂ

10  The system prints a receipt.

11 The system ejects the ATM card.

12 The 51..r5tem disp[la\f:i Welﬁumé ﬁmmaage.

Postcondition | ATM customer funds have been withdrawn.
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RUCM Use Case Template

Specific
Alternative Flow

‘altl’w

RFS 8

1 The system displays an apology message MEANWHILE the system ejects the ATM
card.

2 | The system shuts down.

ABORT.

Y r a;;';:;ﬂncusmmer funds have not been withdrawn. The system is shut

Bounded
Alternative Flow

Alternative i

Flows

RFS 5-7

The system displays an apology message MEANWHILE the system ejects the ATM
card.

2  ABORT.

1

| ATI"-'I cusmmer-funds have not been withdrawn. THE system is -i::l-re. THE

Postcondition g -
system is displaying a Welcome message.

Global
Alternative Flow

‘alt3"w

ATM customer enters Cancel.

1 The system cancels the transaction.
2 T.I;IE system ejects the ATI"-'I card.

3| ABORT.

| ATM customer PIN number has not been withdrawn. The system is idle.

Fostcarditior The system is displaying a Welcome message.
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RUCM Use Case Template

Basic Flow
(Untitled) ¥

Steps

1 | INCLUDE USE CASE Validate PIN.

2  ATM customer selects Withdrawal through the system.

3  ATM customer enters the withdrawal amount through the system.

4  ATM customer selects the account number thrnugh the system.

5 | The system VALIDATES THAT the account number is valid

6 The system VALIDATES THAT ATM customer has enough funds in the account.

limit of the account.

The system VALIDATES THAT the withdrawal amount does not exceed the daily

8 |The system VALIDATES THAT the ATM hawnugh funds.

9 The system dispenses the cash amount.
10 | The system prints a receipt.

11| The system ejects the ATM card.

12 | The system displays Welcome message.

Postcondition | ATM customer funds have been

Withdrawn.

"altl"¥ card.

3 ABORT.

Postcondition

20-22/10/2015

Specific RFS 8 l i
Alternative Flow systemn displays an apology messagd MEANWHILE Ilne system ejects the ATM

2 Tﬁe system shuts dowr.

ATM customer funds have not been withdrawn. The system is shut

down
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aToucan: Automated Transformation fri
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Use Case Name

Brief Description

Withdraw Fund
ATM customer withdraws a specific amount of funds from a valid bank account.

Precondition The system is idle. The system is displaying a Welcome message.
Primary Actor | ATM Customer :
Secondary Actors | Card Reader
Dependency INCLUDE USE CASE Validate PIN
Generalization | Nore
Basic Flow Steps
(Untitled) ¥ INCLUDE USE CASE Validate PN.

ATM customer selects Withdrawal through the system.
ATM ustomer enters the withdrawal amount through the syster.

The system VALIDATES THAT the account number is valid.
The system VALIDATES THAT ATM customer has enough funds in the account.

The system VALIDATES THAT the withdrawal amaunt dees not exceed the daily
fimit of the account.

The system VALIDATES THAT the ATM has enough funds.
The system dispenses the cash amount.

1
2
3
4 | ATM customer selects the account number through the system.
5
6

~

w | o

10 The system rints a receipt,
11 The system 2jects the ATM card.
12 The system displays Welcome message.

Posteondition | ATM customer funds hava beer withdrawn.

«Controls
Q .RTM System | «Enttys
3 state_displaying g Message
Boundarys | | ERstateidle [ Welcome |
El ATM Customer | | | & displays an apology message () |
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0.1
«Controls E“E”m\/‘
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Restricted Test Case Modeling
(RTCM)

Tao Yue, Shaukat Ali, and Man Zhang. Applying A Restricted Natural Language Based Test
Case Generation Approach in An Industrial Context, In International Symposium on
Software Testing and Analysis (ISSTA), 2015.
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Challenges

e Specification/Modeling
®* NL-based specifications are inherently ambiguous;

® Supporting MBT often relies on more formal
specifications using e.g., UML state machines.

e Automation

®* Deriving tests from NL-based specifications is often
not systematic and automated;

®* Traceability between requirements and tests can be
established in a cost-effective manner.

User Conference
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What is RTCM?

RTCM, is built on RUCM, as part of the Zen-RUCM
framework, is a lightweight MBT methodology that
automatically generates test case specifications and
executable test cases with the aim to reduce
modeling effort required for enabling MBT.
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RTCM - Specifying Test Case
Specification without APl Information

Test Case Specification

Mame

Test_Withdraw Fund

Brief Description

This test case specification is for testing use case specification that ATM customer withdraws a specific amount of
funds from a valid bank account.

Precondition

(Test Data Specification)

The system is idle. The system is displaying a Welcome message.

lﬂasic Flow | Steps
(Test Sequence) ) | ; ||\NCLUDE TC SPEC Test_validate PIN
(Untitled) ¥

‘ Test System or Tester selects Withdrawal through the system

\ Test System or Tester enters the withdrawal amount through the system

2

3

4 ‘ Test System or Tester selects the account number through the system

5 ‘ Test System or Tester VERIFIES THAT the validation that the account number is valid is <True or False>.

‘ Test System or Tester VERIFIES THAT] the validation that ATM customer has enough funds in the account is <True or
Falsex.

Test System or Tester VERIFIES THAT the validation that the withdrawal amount does not exceed the daily limit of the
account is <True or False>.

20-22/10/2015
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RTCM - Specifying Test Case
Specification without APl Information

Specific Alt. Flow | RFS 8

(Lestasauence) 1 ' Test Sysetem or Tester VERIFIES THAT the system displays an apology message MEANWHILE Test System or Tester
"altl" v VERIFIES THAT the system ejects the ATM card.

| 2| Test System or Tester VERIFIES THAT the system shuts down.

' 3| ABORT.

Postcondition | ATM customer funds have not been withdrawn, The system([sut] is shut down.
(Test Oracle)

Bounded Alt. | RFS 5-7

Fll':.:wl e ience) 1 Test Sysetem or Tester VERIFIES THAT the system displays an apology message MEANWHILE Test System or Tester
9 ' VERIFIES THAT the system ejects the ATM card.

it 2 | ABORT.

Postcondition | ATM customer funds have not been withdrawn. The system([sut] is idle. The system([sut] is displaying a
(Test Qracle) | Welcome message.

Clobal Alt. Flow | Test System or Tester enters Cancel.

(Test Sequence) | 1 <- Intzrnal transaction ->

"alt3" v 3
! 2 | <- Internal transaction ->

3 | ABORT.

Postcondition | ATM customer PIN number has not been withdrawn. The system([sut] is idle. The system([sut] is displaying
(Test Oracle) | a Welcome message.

User Conference

Uz YRS on Advanced Automated Testing




RTCM - Specifying Test Case
Specification with API Information

Test Case Specification A

Name CallBehavior
Brief Description The test specification aims to test the behavior of the system under test makes calls to other endpoint.
7

The device A Configuration.NetworkServices.H323.Mode=0n
Precondition The device A Configuration.Conference.AutoAnswer.Mode=0n
(Test Data Specification) | The device B Configuration.NetworkServices.H323.Mode=0n

\ The device B Configuration.Conference.AutoAnswer.Mode=0n

Tester Mone
Dependency None
Test Setup Name Create Device
v Description | This test setup aims to create an device to start a call behavior.
Basic Flow Steps
(Test Setup) 1 The test system creates a device as A (IP=192.168.0.1,name=epa,username=admin,password=password,
(Untitled) ¥ rootpassword =password).

The test system creates a device as B (IP=192.168.0.2,name=epa,username=admin,password=password,
rootpassword=password).

Postcondition | The device A has been created.The device B has been created.
(Test Oracle)

2
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RTCM - Specifying Test Case
Specification with API Information

Basic Flow | Steps <

s quchoe)  The test system VALIDATES THAT the device A Status.Conference.Presentation.Mode==0ff.

(LTINS \ The test system VALIDATES THAT the device A Status.5ystemUnit.5tate.NumberOfActiveCalls==0.

' DO

| UNTIL the device A Status.SystemUnit. State umberﬂfﬂctwe{:a[[s >0

2

3

4 \ The device AlINVUHF_E APl Command.Dial(the device B) jo make a call.
5

b

\ The device A INVOKES APl Command. Pre tion.Start() to start a presentation.

7 \ The test system VALIDATES THAT the d atus.Conference.Presentation.Mode == Sending.

3 \ The device A INVOKES APl Command.Pr top() to stop a presentation.

9 | The test system VALIDATES THAT the d Conference.Presentation.Mode == Off.

10 \ The device A INVOKES APl Command.Cf to disconnect all endpoints.

The device A Status.Confer
The device A Status.Syste

Postcondition
(Test QOracle)

User Conference
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Test Generator: aToucan4Test
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aToucan4Test: Transformation from
RTCM to Test Cases - Example

&

[ RTCM Model Explorer 5 B =0
¥ [5] CallBehavior

¥ ¢ basicFlow

¥ i= BasicFlow4TestSequence
¥ < steps (10)

o "The test system VALIDATES THAT the device .
"The test system VALIDATES THAT the device,
"DO"
"The device A INVOKES API Command.Dial(the
& natures (1)

@ [InvokeAPINature]
"UNTIL the device A Status.SystemUnit.State.P
"The device A INVOKES API Command.Presen
"The test system VALIDATES THAT the device s
"The device A INVOKES APl Command.Presen
"The test system VALIDATES THAT the device s

P o "The device A INVOKES API Command.Call.Dis
P < postCondition
preCondition
briefDescription
extendSpecs (0)
includeSpecs (0)
testSetupLink
alternativeFlows (6)
i= SpecificFlow4TestSequence (TS1)
i= SpecificFlow4TestSequence (TS2)
£= OracleVerificationFlow (01)
¥ ¢ rfsSentence

P © "RFS 4"
¥ ¢ steps (1)

¥ © "The test system VALIDATES THAT the device

¥ <& natures (1)
@ [ValidateThatNature]

< postCondition (null)

P i= OracleVerificationFlow (02)

4vYvYY

4000

vyFvyvyVwyy
o o 0 0 0

v
4 VvV S & ¢ L & 0

5 callBehavior 52 =B
Basic Flow Steps
(Test Sequence) 1  The test system VALIDATES THAT the device A Status.Conference.Presentation.Mode==0ff.
WinHtied ¥ 2  The test system VALIDATES THAT the device A Status.SystemUnit.State.NumberOfActiveCalls==0.

3 DO
4 The device A INVOKES APl Command.Dial(the device B) to make a call.
5 UNTIL the device A Status.SystemUnit.State.NumberOfActiveCalls > 0
6 The device A INVOKES APl Command.Presentation.Start() to start a presentation.
7  The test system VALIDATES THAT the device A Status.Conference.Presentation.Mode == Sending.
8 | The device A INVOKES APl Command.Presentation.Stop() to stop a presentation.
9  The test system VALIDATES THAT the device A Status.Conference.Presentation.Mode == Off.
10 The device A INVOKES APl Command.Call.DisconnectAll() to disconnect all endpoints.
Postcondition | The device A Status.Conference.Presentation.Mode == Off
(Test Oracle) | The device A Status.SystemUnit.State.NumberOfActiveCalls == 0

Specific Alt. Flow | RFS 1

(Te“.seq':'e"ce) 1 The device A INVOKES APl Command.Presentation.Stop() to stop the active presentation.

= 2| RESUME STEP 2
Postcondition | The device A Status.Conference.Presentation.Mode==0ff
(Test Oracle) |
] Properties S@W IEI:‘:::) e

Property Value

api
subject

|Gommand.[)ial(the device B) to make a call
The device A

20-22/10/2015
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aToucan4Test: Transformation from
RTCM to Test Cases - Example

def test case 26(self):
from utility import Translate
from lxml.etree import tostring

self.assertTrue(self.A.cuil. status.Conference.Presentation.Mode.text == "0FfF")
self.assertFalse(int(self.A.cuil.status.SystemUnit.State.NumberOfActiveCalls. text) == @)
old status = None

old status = copy.copy(self.A.cuil.get xml{"/Status™))
Translate.TranslateA( "Commond. Call.DisconnectAll{}",self.A.cuil).translate()

self.assertTrue(int(self.A.cuil.status.SystemUnit.State.NumberOfActiveCalls.text) == 8)
while True:

old_status = MNone

old_status = copy.copy(self.A.cuil.get saml{"/Status"))

self.A.dial({self.B)

self.assertTrue(int(self.A.cuil.status.SystemUnit.State.NumberOfActivelalls. text)
== int({old status[@].xpath("SystemUnit/ State/NumberOfictivelalls")}[@].text) + 1}
if (int({self.A.cuil.status.SystemUnit.State.NumberOfActiveCalls.text) » 8): break
old status = None
old status = copy.copy(self.A.cuil.get xml{ "/ Status"})
Translate.TranslateA{ "Commond. Presentation. Start(}",self.A.cuil) . translate()
self.assertTrue(self.A.cuil. status.Conference.Presentation.Mode.text == "Sending™)
old status = None
old status = copy.copy(self.A.cuil.get xml{ "/ Status"))
Translate.TranslateA({ "Command. Presentation. Stop( )", self.A.cuil).translate()
self.assertTrue(self.A.cuil. status.Conference.Presentation.Mode.text == "0OFfF")
old status = None
old status = copy.copy(self.A.cuil.get xml{"/Status™))
Translate.TranslateA( "Commond. Call.DisconnectAll{}",self.A.cuil).translate()
self.assertTrue(self.A.cuil. status.Conference.Presentation.Mode.text == "OFF")
self.assertTrue(int(self.A.cuil.status.SystemUnit.State.NumberOfActiveCalls. text) == @)

User Conference
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RTCM and aToucan4Test - Summary

RUCM - Use Case Specifications

v [ut] UCModel (ATM System)
¥V < modelElements (10)

RTCM - Test Case Specifications

V [} TCS_ATM System
¥V < modelElements (5)

3rd

User Conference on
] Advanced Automated Testing
i |

RTCM - Test Cases

v [ ATCs_ATM System

Yc::nWithdra\lmj Fur|d > [2) Default Test Setup ¥V < modelElements (5)
¥ i %e&;f;?;f;ion P =] Test_Withdraw Fund :-I? effﬁ.:jt SetFup &
B < basicFlow B TS e T B B jsn:odlelEltraan‘:‘fen:Sn(GO)
P < preCondition " ~b S ey nw—!—_-* v []Test_Transfer Fund
¥ -oilloibesciplion M~ > o modelElements (50)
V < alternativeFlows (3) P ¢ basicFlow ¥ ] Test_Query Account
P> 5= SpecificAlternative (alt1) > < preCondition e el (20)
P = BoundedAlternative (alt2) > < briEfD;SSCFiptif(Jg) v [ Test_Validate PIN
P E= GlobalAlternative (alt3 % extendSpecs -
& l.aranchSpecs (0) e & includeSl:)ecs @ WL odeIEIements (10)
¢ extensionPoint (0) P & testSetuplink > Test_VaIidate PIN_1
% extend (0) V < alternativeFlows (4) > Test_VaIidate PIN_2

P < include (1)
P (1 Transfer Fund
P ) Query Account
P (2 Validate PIN

% ATM Customer

% Card Reader

P 5= SpecificFlow4TestSequence (alt1)

P &= BoundedFlow4TestSequence (alt?)

P 5= SpecificFlow4TestSequence (alt3)
i= GlobalFlow4TestSequence (alt4)

> [5] Test_validate PIN_3
> [5] Test_Validate PIN_4
> [5] Test_Validate PIN_5
> 5] Test_Validate PIN_6
» [ Test_Validate PIN_7
> [5] Test_Validate PIN_8

= Relationship (ATM Customer - Withdraw Fund)
= Relationship (ATM Customer - Transfer Fund)
== Relationship (ATM Customer - Query Account)
= Relationship (Card Reader - Validate PIN})

> [5] Test_Validate PIN_9
b 5] Test_Validate PIN_10
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Evaluation
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Case Studies

3rd

farence on
Automated Tosting

m -
) Advanced

Case Study Subsystem # # Flow of | # Oracle | # Status | # API
TCS | events Verification Flow Variable | Invocation
VYCS Call 3 9 3 6 9
Manually Presentation | 2 3 0 2 3
Derived Camera 4 7 1 5 18
Total 9 19 4 13 30
SOGPS Subsea 8 3 6 N/A N/A
Surface 1 2 3 N/A N/A
Total 9 5 9 N/A N/A
Automatically | Autopilot 11 34
Generated CMS 1 8
ATM N/A 4 12 N/A
SPS 14 28
Grand Total 48 108 13 13 30

23

User Conference
on Advanced Automated Testing



rd

e Average time (in minutes) for deriving an
automatically executable test case:

* Time required to specify TCSs/Total number of test cases
generated= 120 mins/246=0.5 min
e Comparison with an existing MBT approach [1]
® UML State machines, OCL constraints
® Cost per test case is roughly 6 minutes

e RTCM takes on average takes 0.5 minutes, whereas
MBT approach takes roughly 6 minutes

[1] Ali, S. and Hemmati, H., 2014. Model-based Testing of Video Conferencing Systems: Challenges, Lessons

Learnt, and Results. In Software Testing, Verification and Validation (ICST), 2014 IEEE Seventh International
Conference on IEEE, 353-362.
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Experience and Lessons Learnt

e Highlights
® Easy to learn
* Lightweight
* “Free” automation
® Easy to maintain test cases

* Drawbacks

® Limited application scopes
* No support on dictionary/glossary of domain concepts

User Conference
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Experience and Lessons Learnt

e Recommend Practice

® Carefully select contexts to apply

* Tailored methodologies and tool supports are needed in certain
contexts

* Tool support is the key to ease the adoption of such a
methodology

* Integrate with test management solutions used in a particular
company

User Conference

0-22/10/2015 .
AU L2 e on Advanced Automated Testing



Roadmap of Zen-RUCM

RUCM4Uncertainty
RTCM4Uncertainty
(2015)

RUCMA4RT

(2012)
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