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Domain-Specific Modeling (DSM)

* Models expressed with domain concepts
— No need to learn new languages

 Domain-Specific Modeling allows using:
— existing terminology,
— with known semantics, and
— familiar notation
* DSM is applied in particular for automating

repetitive development efforts™, but less in
testing

* See references on EADS, NSN, Nokia, Panasonic, Polar Elektro, USAF
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Domain terminology and concepts

Detailed information specifying functional &
physical characteristics of a component of a
system, plant or facility (e.g. pump)

CENTRIFUGAL PUMP API-610 =7 _ e
o A Stuffing Box
DATA SHEET PURCH ORDER No. DATE 29.0ct-09
MKS UNITS INGQUIRY No. By DAA )
" B Packing
1| APPLICABLE TO O PROPOSAL O PURCHASE E AS BULT
2|FoR: UNIT C Shaft
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H Impeller

| Casing wear ring
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Design with domain-concepts

T-101

C 3"Sch40CS
© |

12" Sch 10 CS

Fuel Gas

4"Sch40CS :l

UTI

LITY CONNECTIONS

1
2
3
4
5
6
7
8,

. COOLING WATER

. C. W. RETURN

. 265 PSIA STEAM

. CONDENSATE

. SAMPLE PORT

. CHEMICAL SEWER

. VENT TO FLARE

. CLEAR SEWER

. VENT TO ATMOSPHERE

&2 Insulated Pipe
CS - carbon steel

Toluene
2*Sch40CS ,
] —e=—(p

* Turton et al., Analysis, Synthesis and Design of Chemical Processes, Prentice Hall. 2012



Domain terminology: valves

GATE VALVES

—><}——(>E——@——+><}— —1><1— *.7'

Gate OManuald Pneumatic Motor Hydraulic Bleeder
Valve perate Valves
Valve
GLOBE VALVES
;i; Eyd Ed s B4
Globe Pneumatic Motor Hydraulic Needle
Valve Pneumatic  Motor
BALL VALVES @ PLUG VALVES @
Ball Ball Motor or Plug Plug Motor or
Hydraulic Hydraulic

BUTTERFLY VALVES

o e

Butterfly

—h— k-

O e

Butterfly Butterfly Motor or Pneumatic Solenoid Valve
Hydraulic Operated CLOSED
DIAPHRAGM VALVES m CHECK VALVES
[ ] . I ] Mot Check Check Stop Check
Diaphragm i Valve Valve
Valve

?_

Relief
Valve

e
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Example Specification

CHL System Breakdown

System Performance and Components
Specification

nnnnnnnnn

and interfaces. This document should ald in further defining the CHL system for adapting to other
nnnnnnnnnnnnnnnnnn

Closed loop, Heat transfer,
Liquid circulating (CHL)

System Requirements Tree
System Requirements
Component Requirements
Interface Requirements

e W
D ©
i
7 D g
[®
n
Cyclo-Pentane
(Process)
60% EG
(Process)

Closed Loop, Cooling Water System

Flow




How to test a cooling system?

Temperature

— Produce too much heat?

Pressure

— Incorrect input/output pressure?

Flow rates

— Conflicting flow rates in the configuration?
Control logic
Instrument configuration



Example: Cooling in process plant*

“Z P& Diagram: CHL1, 15. April 2014, 10:39

Graph Edit View Iypes Format Help

BB LB

1o -\:i}/l\':}%l 2 3 [<] E‘I + 1| —

4 =0 Heat Exchanger
Had
Hax2
@ Burner

o lf-)‘ Pump
D

l:) Radiator
4 l%‘ Sensor
PT1
2 System end
3 Thermostat

-

a [>] Valve
PV1
Vi
V2 -
Property Value
=] Object type Pump
MName P
Pump type pump
Flow rate units gpm
Flow rate 1200
Pressure 200
Pressure units -
Temperature 200
Temperature scale F

Active: CP: Pump

[F= e =)

™ '(_‘) LB | X | B S nstataton TTM TwinCAT

m | »

Tkl

4 1

Number of errors/warnings: 0

Subgraph(s): CPumpController: Heating application Grid: 10 @ 10 ¥| Snap Show | 2 100% = @

* M. Blackburn, P. Denno, Virtual Design and Verification of Cyber-Physical Systems:
Industrial Process Plant Design, Procedia Computer Science 28, Elsevier, 2014




Specifying properties of components

Generic Specific

1800 P&I Diagram: CHL1, April 15, 2013, 10:39 Pwionship
Graph Edit View Types Format Help m - - Y —— Y — 1
ipe: | Pipe: | Pipe:
BE £hHiH 9 o+ D LI X B rmstataton T Twncat P el 14
L @O@ES 2O+ — Diameter: | 10
=5 i
i PTE;'S(" m Length: | 10
2 System end i
3 Thermostat D';'q Cover:
= valve | fone E
1PVl 2 T none
V1 @ thermally insulated
Lvz .
() Vessel Jacketed 1
LTkl cooled or heated
= + Joint

2 1 Comment
“Closed Loop, Ct

Valve: Object
Name: | Vi
Number of valve ends: e Two
Name:

© Three | Hx1
Valve type: © Normal Flow rate: | 11000

® Manual

© Control Flow rate units: | gpm m
Closing by: © ball Pressure: | 200

(8] butterfly

© diaphragm Pressure units: | psig E

® needle
Flow rate: | 1200 Temperature: | 200
Flow rate units: | gpm E Temperature scale: | F E

ok ) (cancel ) (info.. ) ok (cancel) (nfoi )
4 A

11


http://openclipart.org/people/BigRedSmile/BigRedSmile_Rule.svg

Example: Cooling in process plant*

s Heating application: CPumpController, 23, toukekuuta 2013, 17:01 EI@

Graph Edit View Types Format Help

EEIE AT, DILPOHE|X
Q@ I@=P@=DOODX: || 7 - [A
4 Q Start -
Start
4 State
Centrol_CPump \)—'__)' Init
Init
@ Stop
= Condition
[>] Comparison
@ Burner
=0 Heat Exchanger
@ Radiator
4 lf—:? Pump

m |

m

CP
3 Sensor AR I NOTbOpen_
Feedback ~
Property | Value |
P Roletype Action
B Action ‘Off, y
B a =
I
4 {14 3
MNumber of errors/warmnings: 0
Active: On: Action Info: Edit Points mode. Dirag line to add point:| Grid: 10 @ 10 | Snap Show || 2 100% ~ @

* M. Blackburn, P. Denno, Virtual Design and Verification of Cyber-Physical Systems:
Industrial Process Plant Design, Procedia Computer Science 28, Elsevier, 2014



Both structure and behavior

e 00 . ‘ P&I Diagram: CHL1, April 15, 2013, 10:39 BehaV|0ra| Constralnt.
Graph Edit View Types Format Help ] )
O +0 6 S POLIE X B B e ma mwecar if valve is closed then
@M 20X + 1 — pump should be closed
Z Heat Exchanger |4 .| elseif value is open then
pump can be open
7 I% ¢ ication: CPumpController, May 23, 2013, 17:01
Tk1
— pes Format Help
l o 0 L o+ © POE x
€ System end l : ‘H ( = SL:;I\;;'DI-KJ' ! ':' / @
I Thermostat —
1 valve l-- O g , -
=PVl

Property | Value
Graph typg P&I Diagram
System na CHL1
Descriptio J I[%I /
Use visual T

Escﬂ Leop, Cooling Water Syst{:rr]

(==

Property | Value

* Same objects: different views used to
. . Graph type Heating applics
formalize different aspects of the system System na_CPumpControl
. o Descriptio
* Languages integrated: can share objects used . visal T
in different diagram types



Domain-Specific means:

* Use of concepts from the problem domain
— Already familiar => no need to learn new
— Have known semantics

* Having a special focus

— Use concepts that are relevant for the task: testing,
verification, validation

* Use concrete syntax that enables communication
and collaboration
— Not a cryptic programming/scripting language
— Apply style close to the domain’s natural representation

14



Steps for Defining Domain-Specifc
odeling Languages and Generators

[™] Object Tool: State [Watch]
Object  Tools

BE=

Help

Save and

=]

==

Specify language
Ancestor  Object & th =

- concepts elr
Properti 1

e e o PTOPErties

*Statename | Mame[Watch] | String

DisplayFn DisplayFnRef DisplayFn IF E]

Blinking Time unit String (Overridable F o

Description

A State is an intermediate state in state automaton that defines a
lagical watch application. State has certain persistency and
certain activities that are carried out while the state is active.

Concepts

T+’ Symbol Editor - State [Watch]

Symbol Edit View Align Help

Hl&DH D EID|LOEITOON2 DL

folfo ==

Create a
notation

-

[ Rectangle - P

T Tet L

T Tet ]

TE

N . State name

Line q}
Property Value 4
Font Szans serif 'E“B‘:fl A M
o =]

e Bl =Dlle  DisplayFn
Font color ]
Underline off & -
< b < »
Color: [ =] Fitt [ 7] style: I— vJ Weight: IHair vJ
Active: Text Grid:10 @ 10 Snap Show || 2 300% ~ @

Generators

D}

Graph Tool: WatchApplication
Graph Tools Help

Symbols

Save and

1 22 Graph Teol: WatchApplication

[ Basics [ Types |
Bindings

Relationships

Define rules
the concepts

{ Bindings | Subgraphs |

Graph Tools Help

Connections
Roles

[ Basics [ Types | Bindings | Subgraphs| Cunstramts|

7 f‘a’m fn In each graph of this type, these canstraints apply:
Flcon

& Ringstate | 1| 0N - Minus Alsrm may be in st most 1 From role

3 Rl O o Plus DisplayFn may be in at most 1 DisplayFnBady rale

Start [Watch] may be in at most 1 From role

VariableRef may be in at most 0 Roll relationships

jiart [Watch] may occur at most 1 time

#1"|Property "Name” in Alarm must have unique values
Property "Name"” in DisplayFn must have unique values

for

Add Constraint For:

Connectivity -

BEF ®

Edit

il

Delete

{t] Generator Editor for WatchApplication
Generator Edit View Breakpoint Format Help

[ Hierarchical

| |Rale
~ | Relationship

Templates
_l| General
3
External /0
[report '_c_alarm’
if ~Set; then
/* calculate time to alarm

as in _Set, create
'setdlarm(' do ~Set.Alarm;
{ovtad e,

if :Semses Local Time;

else

, ' do ~From>RingState-~To.
subreport '_CCal

Y

else

B¥ 4 hH D¢ &% BE BX BE B I

f=llo =

=
>

+ |[if .. then ... else ... endif
foreach

do

dowhile

explosions

m

m

. |decomp

Define

this'd

.. generators

15



About Model-Based Testing (MBT)

 Umbrella term for using models in a testing context
* One approach is to use MBT for automating test

design

— Here model reflects operation of the system to be tested
— MBT complements test execution
— Recognized by worldwide industrial standards (ETSI)

o

A

(System)
Model

=

=

Goals
M ..
M ..
M ..

o)

Synthesize
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Evolution of Software Testing

Automated Test Design (ATD)
uses models of system
operation as its input and is

the most advanced Model
Based Testing (MBT)
technology

Test Models

Frameworks
Keyword Driven

ATD

Manual

ATD+ is ATD driven by a
domain specific language

MBT

17



Test Approach Comparison Heat Map
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http://www-01.ibm.com/software/rational

ATD+: DSL driven MBT

* Draws from all benefits of conventional ATD
— Automated test design and traceability
— Integration into test automation ecosystem
— 5x improvements in productivity

* Enables testers to model system operation
— No longer programming skills required
— Less training and faster ramp up

 Allows other stakeholders to review models
— “Shift (really) left” ... engage your customer!

~5x (DSL) combined with ~5x (ATD) = ???

19



Automated Test Design Workflow

Model Direct & Review Generate Test Scripts
System Operation Test Design & Documentation

® Conformiq - Canformiq SN
Fie Bt Projea Window Help
P’ Aax

strtshopping

Qs eso

3 (B Contoras)
& Progect Exploter 1| [ Test Targats: Simple Wieb Apglication » DC

Simple ek Apglicetion T FiesOFF = | Gool Fies OFF = Coverage Fiers O
o

0 Bacel DC100% 4945)  Testing Gosls 1 T —

e A em gty § Use Coes vOAD0 Useases
& Maceing Frontend Pluging
" J v s rements
LT — " \ [ r—— 3¢ Crestor Do Rew
f (30 Ervor mvaidaty ogin with Data Table = Mgl K TN ks s il s X
2 Sanple b Applcation = Dynamic Coverage
v MR Actvit Digrams
Uselato Form Value Lit 105 Simple Web Appication Activity Diagram
= = 4 100% | Activities
) e e Agpication = e Wi o
LR — . Add o cant X x X x
c Add to cart d veck out x
. et Actty i 0 B R A R K
8 7 v oy - = X x x x x x x
. neakid Entey x
v Remove tem x
. i X x x x x x x
- : .| Mol 1
Configuratian B eson Homs o =
=] Contiy T B N == e § ra o - || Akt o with e L sy 110 shoppin st HM 0ol B Proges Pt
nterfac oreina © U2 it Box (Sting) Sting Cal
config <in> . aty: Text Box (Numbar) Cell - - — - Pusjct Simple Web Appikation
Chckout: Bution e Baon Tester Simple Web Application | | ,
R Add e Bust [y Se——t] L] Vokic ;
=P L - p— o el % B
Add item with sku CQ_ 0001 and gty 11 to shopping 1200 1-Configuration Messige 1 feld —
From config Losdmodel | | Generst testcases || Expert st cases
©3 © Add e with s CEL032 and gty 5 o shor ] e conto
O+ Add e with sk CQ_0003 sy St ogin Scren
. A = w00 Lo s 2Login_Sereen G fekds)
- O3 Folid login To dicplay Time .
O6 + Chackoar i et Farm_Lagin Seree
B Loon ] Userto 3 Checkout e ©eag | ednfo.Form_Lagin.5 3.Fil Usednfo_Form_Logi Screen_( fec Test Generation done
Fie, Haip: Mans Bar . g cort. Ttama Ul Tabh = @ “ From uses Timen Render Tests next
userMiams: Tex Bax (Sing) OK: Button seolo_For
Ok Button erinle_form
passwl: Toxt Box (Strng)
Userlnlo: Form [— Sphan
peccwd abe Progeess meszages o enors
g | SFtontoginSeren, 40K Button_Login Screen_ {0 k)
. From use TR Sesttaraet summans: 0 new - O removed M

Domain Specific Model Based Test Execution
Modeling Tool Test Design Tool Tool(s)

20



Why are DSLs so Important in Testing?

rectangle(3,1, grey)

rectangle(5,2) -
circle (2), circle(2)

circle(1), circle(1) @ @

Testing is about achieving a common understanding

21



Case 1: Conformiq Creator

Generic

A DSL developed for

— Modeling system operation for
system & system integration &
end-to-end testing

— First focus on Enterprise IT
applications, frontends,

backends, systems, etc. S| EEE ] B
— Target testers and SMEs = S e
* Encodes best practice el
— Provides set of pre-defined e T
modeling building blocks

22
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Modeling before Creator

Initial Page

user:Start/ narrative "user logs in™ Main Screen
>
Main page display. Model
alaulates the list of iterns
i that will be displayed on
MainPage p; the saeen.
displaysend(p);
var e = basketkeys();
int total_gty = 0;
while (e.hasMoreHements()) {
var sku = e.nextElement();
Basketltem i;
isku = sku;
i.qty = (int)basket.get{sku);
total_gty += i.qty;
display.send(i);
narrative "user is told the basket contains " + tozl_qty + " items";
[ Viait

| System waits for
-~ user's adion

[ gty < 1 || gty > 10]

| Error(“Tnvalid quantity™);

require sku == "CQ_0001)"

reguirement "3/Invalid quantities are ignored";

narrative "the given quantity is invalid and an error message is displayed";

user: AddItem / sku = msg.sku; gty = msg.qty;
narrative "user tries to add item with SKU ™

+ sku + " and guantity of "

+ gty + " 1D the basket”;

A

user:Checkout / narrative "user attempts checkout’;

[ basket.isEmpty() 1/ Error{"Your shopping basket is empty"),

requirement "3/Checkout @nnot be selected if basketis empty”;

narrative "error message is displayed becuse the basket is emipty”;

F 9

[ sku!=CQ _0001" &&
sku 1= "CQ_0002" &&
sku 1= "CQL0003)" 1/
Error("Invalid SKU");
requirement "3/Invalid SKUs are rejeced

narrative “"error message is displayed becuse the SKU is invalid™; ‘

[else]

b 4
‘ [else]/ =©

display.send(s);

requirement "1/User @n do dheckout’;
narrative "theckoutis successful and " +
"the user is displayed a statement”;

23
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The Actual Application to Tested

: ESHRCE D)
ak‘-zl 2 http://esd.conformig.com/ 2 ~ B & X H f@ conformig.com x |"-" - ’Iil'lﬁj #? "':‘

File Edit View Favorites Tools Help

Your shopping basket contains 1 item(s).

SKU Description Qty  Unit Price  Price Actions
) Remove all |
CQoooz2 Portable Personal Coffee Station ! 520 5160 |
Total excl. shipping and discounts 5160
SKU- cq Qty: 1 Add to shopping basket
CQ0002

Copyright © Conformiq Inc. 2011



http://www-01.ibm.com/software/rational

Creator Concepts

* Activity Diagrams
— Flows specify specific aspects of
system operation to be tested

— Domain specific actions and data
objects from keyword repository
concretize activities and decisions

* Interface Diagrams

— Specify external interfaces
available for testing based on pre-
defined interface objects

— Are the source for generated
actions and data objects

4 AD =y )
IEiITpIay_J
Oiuery
QReq
\_ - /
Keyword Repository
=18 B @ O %
R (@] A
1 i
C >
|| EE[ (2]
\ Q[©][= J

25
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out Interface Diagrams

. =RERTxT
e@‘@ http://esd.conformig.eom/ 2 ~ B ¢ X H@ conformiq.com ® - [ o * @}
File Edit View Favorites Tools Help

Your shopping basket contains 1 item(s).
SKU Description Qty  Unit Price  Price Actions

C
CQOoo02 ' Portable Personal Coffee Station 8 520 S160 -

Total excl shipping and discounts 5160

ty: 1 Add to shopping basket l

Copyright © Conformiq Inc. 2811

\, J -
®100% -

ltem

E ttems B ESD Main

zku: Text Box (String)
qty: Text Box (Mumber)
Add ttem: Button

=ku: String Cell
gty: Mumber Cell
Remowe itemn: Butten Cell

Shopping cart: tems Ul Table
tem: Form
Checkout: Button

26



About Activity Diagrams

Fulfill a dual purpose:

e Specifies “what” is to be tested, i.e., relevant system
operation, in terms of flows

— Using standard concepts of initial, final, activity, decision,
event, merge nodes and control flows

* Specifies “how” to test based on action keywords
and data objects generated from interface diagrams

— Actions from action keyword repository refine activity
descriptions

— Data objects refine (graphical) conditions

27



Activity Diagram

Example

-

- -
"5 Activity Diagram: Simple Web Application, 1. lokakuuta 2012, 17:06 -

. . - =

Graph Edit View Types Format Help

BE& D H|D + | DLPOE I x @ I&S IacdE
@ s @u{@jﬁ;'; A A=

Compare all form data
against multiple values

B FF: ttem
&A CB: Add tem in Form
[V] MA: "Add tem with sku ®

[ RM: Configuration (C)

Set URL

Check out data object

Form variable

. . \ /
Requirement action
Login @ Start shopping MV: Good dats
Co_ 00019
DS: ESD Main
& Store form data 1..10
11 @ RaHPQC123 )
T produced by click
Refer to . . [
. action in variable
subdiagram
Initialize Add item Invalid Entry

_____ I£) DF: Error: Invalid sku
KEX DP: Error: Invalid gty

Entered item

sku

Conditional (®) action

2 CB: Checkout
[ Ds: ESD Checkout
2\

A\

Display screen verification action

Click button action with
blocking pre-condition (e)

>
E Add to cart w‘

3 E TA: tems Entry
\

28
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Generic vs Domain Specific

Class Message, Screen, Button
integer, boolean, Number, Checkbox,
String Dropdown Box
Receive on a port Click a button, fill a form,
Receive a message
Send from a port Display a screen,
Send a message
Compare each field of a Compare entire message or
variable to basic value form variable against value

Note: Domain = Application Domain and Testing Domain!
29



ldea: Simplify, Reduce & Reuse

E@ ftem N

{1

sku: Text Box (String)
qty: Text Box (Number)
Add tem: Button

|

E tems

gku: String Cell
gty: Number Cell
Remove item; Button Cell

-~

-

Property | Value
El Object type Farrmn
Marme Item
4 [ Fields Add...
4 [E] Text Box (String) sku: Text Box (String)
Mame chu
Optional Mo

Default Value
Default Widget Status | dont care
a [E] Text Box (Mumber) gty: Text Box (Number)

Mame

DEFaultlluralue

Default Widget Status {1

4 4 Button Add tem
Marne Add Item
Default Widget Status | dont care

Symbols have look & feel closer to application domain

Abstraction and layering of model information

Object driven specification enables reuse

Changes to interfaces are updated in activity diagrams

Less modeling errors by using “specification by selection”

30



Modeling for Testing

Form submission and

Any user entry is valid.

clicking "Add tem” button.

Example of graphical
condition on entire
form with mutti value.

Add item

BB FF: ttem
£ CB: Add ttem in Form

[T e s g

sku

Entered tem

Y

Y

Add to cart

= E TA: ltems Entry

~

1..10

L

Invalid Entry

)| OP: Error: "Invalid sku®
DP: Error: "Invalid gty”

LI

Example for catching invalid
field entries separatehy with
pre-conditions

s

m

Property Value
: [ Object type Activity
Mame Invalid Entry
4 [ Actions Add...

4 Display Error Pepup
4 [ Pre-Conditicn
+ 3 Condition
On Mismatch
- B Text
0K Butten Status
d Display Error Popup
Description

 Work with complete data object values

e Enable use wildcards

* Visual indication of pre-conditions

DP: Error: "Invalid sku”

Entered item.sku EQUAL abc 128%
Entered item.sku EQUAL abc™128%
Skip Action

"Tnvalid sku”

dont care

DP: Error: "Tnvalid gty”

31



What do Generated Tests

ook like?

A B C D
1 |Testcase 1: |V userName: Kimmo passwd: 123
2 Summary: Fillin
3 Overall Verdict: Open Executed against SUT Release: Fillin
4 Executed by: Fill in Test Execution date & time: Fillin
5 Verifies Requirements: HPQC1.2.3
6 Step Action(s) Verification Point(s) Verdict Observations
Configure SUT where o . . .
1 . . Application displays a Login Screen Open Fillin
7 baseUrl is "esd.conformig.com”
Application displays a ESD Main Screen
where Shopping cart is empty
Fill out the UserInfo Form in the Login Screen where where in Item Form
userName is "Kimmo", skuis"", .
2 . . Open Fill in
passwd is "123" atyis 0,
Click OK Button in the Login Screen sku Text Box widget is enabled,
gty Text Box widget is enabled,
3 Add Item Button widget is enabled
‘|0 3 Select New choice in File menu in the Login Screen No errors can be observed at the SUT Open Fill in
-] [10
11 Test case 2: Add item with sku CQ_0002 and qty 5 to shopping cart
21
22 Test case 3: Add item with sku CQ_0003 and qty 5 to shopping cart
32
33 Testcase 4: Add item with sku abc and gty -1 to shopping cart
43
44 Test case 5: (1) CB: Checkout
v W Cover Page | Test suite DC1 ~ TraceabiliyMatrx %2 []4 » 1]

... or VB or Java or Perl or Pyton or TTCN-3 or etc

32



15t Industrial Feedback on Creator

Doubled productivity over conventional UML/
Java based automated test design solution

Training need reduced from 4 weeks to 4 days

Subject Matter Experts (SMEs) and manual
testers are able to model for testing

Ecosystem from conventional automated test
design approach could be reused
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34

] Specific

Elektrobit Military radio

Case 2

Generic


http://openclipart.org/people/BigRedSmile/BigRedSmile_Rule.svg

EB Tough VolIP Features

* Tough VolIP is a wired
phone that is using

UDP/IP network for
connection

e Manufacturer: Elektrobit

Main features:

Easy configuration
Point-to-Point call
All call

War-proof device

As simple as possible
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Testing problem

ETC...
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Two language solution

Modeling
one test case

Generating
one test case -

Executing the
test case

—_—

EB Test Tool Platform +
OpenTTCN tester

Modeling a
[ test logic

Model-Based
Testing

_ generates
multiple test
cases

Executing
~ test cases
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Language development

EB’s test Language
expert, Specs + code sample e developer

Model
development

coder

Modeling,
Trying,
Coding

Language, example models

Change request

Model

Language development

N times CR + update...

Testing Language developing
38



Model example 1:
Modeling test cases

End calls
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Model example 2
Modeling for test generation




How to get started on a DSL design

* Define
— Concepts
— Rules
— Symbols
— Generators
* Focus on how you think about a problem not
how you (re)solve or describe it today

— DSLs are not effective as graphical general
purpose programming languages
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Experiences

* About 10 times faster with modeling

* Set-up time estimation:
— 2 weeks for the first version
— 1 more week for making it better

. - @ Creating DSM solution
Coding
M Test suite 1

Test suite 2
DSM L Test suite 3
""" , . Test suite 4
0 5 10 15 20 i Testsuite 5
* Other benefits: Days

— Visualization makes it easy to understand

— Easy test configuration

— Test coverage dramatically increase with MBT
— Mass testing with MBT models

— No special skills needed for creating test cases
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Results of combining DSLs + MBT

The case studies show:

e Easier adoption
— Better acceptance, short ramp up

* Significantly faster model development

— Higher abstraction leads to improved productivity

— Automation of model creation

— Immediate feedback & guidance during model creation
 Wider model accessibility

— Visualization makes it easier to understand

— Domain experts can participate

— Customers can review models!

43



Summary

e (Classic DSLs benefits found to be applicable in testing
— Driven by fully automatic model transformations
— Prevent illegal model construction & enforce methodology

* Challenge: Keep DSL lean and expressive

— Leanness yields simplicity but too lean may lead to
rejection!

— Important to use tools that enable flexibility by allowing
language evolution

* We believe DSL driven MBT will establish itself as the
next step in evolution of software testing
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How to get started: Concepts

What are the different object types?

— Example: Screen, forms, widgets, messages

What are their properties? What kind of values
can they take? What is really relevant for testing?
— Example: Dependencies between form fields? Yes
— Example: Screen where button is located? Yes

— Example: Pixel location of a button? No

— Example: Underlying data base table structure? No
What is the mapping domain concepts to
concepts in the general purpose language?

— Example: Button click maps to receiving a class
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How to get started: Rules

How many objects can exist?
— Example: Only one starting point

How can objects be connected?

— Example: Only input actions can produce data
Which property values have to be unique?
— Example: Screen and form names

What are valid property values?

— Example: Only optional fields can be omitted

When is a diagram ready for test generation?
— Example: At least one input and verification action
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How to get started: Symbols

What type of diagrams are needed?

Which objects are important to visualize in
which diagram or at all?

— Example: Author of a diagram

What is the absolutely essential information
important to get first understanding?

— Example: Action has a pre-condition

How should the information be represented?
— Example: Symbol color, shape versus text
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How to get started: Generators

What type of information is needed to be
generated?

— Example: Code for test generation
— Example: Model documentation
— Example: “Live” model analysis

n which order should objects be traversed to
oroduce the generated code?

How should property values be processed and
converted to produce best target code?

How to structure and modularize generator code

to maximize reuse?
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Thank you!

* Questions, comments, counter arguments,
owh experiences...

* Contact
— Juha-Pekka Tolvanen [jpt@metacase.com]
— www.metacase.com @R
KN MetaCase

— Stephan Schulz [stephan.schulz@conformig.com]

— www.conformig.com  CONFORMIQ

Automated Test Design
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http://www.metacase.com/
http://www.conformiq.com/
http://www.metacase.com/
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