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Metamodels

In Model-Driven Engineering (MDE), model
instances must comply to a metamodel
that specifies attributes and associations '_|n3tance 1

Metamodel

.




Model Transformations

A common operation in MDE toolchains is
the transformation of a model to another
that conforms to a different metamodel
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Testing Model Transformations

To test a transformations requires a set of
(possibly random) test cases in which the
iInput data is a model instance

test case 1

test case 2
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Motivation

Our case study is motivated by a project in
which model of behaviour is transformed
iInto a form than can be embodied on a
Lego Mindstorms robot

http://lego.wikia.com/wiki/File:l EGO Mindstorms NXT.jpg.jpeg
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Problem Statement

How can we randomly generate models for
testing transformations so that a of
the models satisfies our ?
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Context-Free Grammars

A Context-Free Grammar can be used to
specify how to construct ‘well-formed’ test
data
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S — Expr
Expr — Num | Expr Op Expr
Op % C_|_7 ‘ C_? | > ‘ C/?
Num N 407 ‘ c17 ‘ 627 ‘ 437 ‘ 447 | 457
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Stochastic Grammars

By annotating productions rule with
weights, a probabillity distribution is defined
over the language defined by the grammar

.

S — Expr
Expr — Num | Expr Op Expr
Op % C_|_7 ‘ C_? | > | 6/7




Innovation: Conditional Weights

Making the weights conditional on the
values of other variables introduces a
limited form of context-sensitivity




Innovation: Binned Scalars

Adaptively ‘binning’ scalar variables
enables a compact representation of
distributions over large intervals
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S — Expr
Expr — Num | Expr Op Expr
Op > ‘ I , ‘ 6_7 ‘ >, ‘ C/?
Num N 407 ‘ clv ‘ 627 ‘ 637 ‘ 447 ‘ c57

S

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

Expr — Num | Expr Op Expr
Op%6_|_7|6_7|6>|<7|6/7
Num — ‘[0,228]" | ¢[229,433]" | [434,511]"

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



Metaheuristic Search

To optimise a distribution, search is applied
to the weights, the conditionality between
variables, and the partitioning of scalar
ranges

. e

S — Expr
xpr — Num \ Expr Op Expr




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

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

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

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



HUTN

HUTN is a textual notation for model
instances

Model Instance Model Instance
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A

id: “F45”

o: B { cost: 7}
c: C { size: 25}, C {size: 30} |
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Grammar To Emit HUTN I\/Ietamodel

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

We use a stochastic context-free grammar
that emits HUTN which complies with the
chosen metamodel

cost : Int
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HUTN Grammar ~_
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S — A

g A — ‘A’ ¢{ “id:’ String ‘b B1..* ‘¢’ CO..* ‘)

Bl1.* - B|B’’Bl1.*

5 B — ‘{’ ‘cost:” Cost ‘}’
Cost — ¢[0,100]’




Optimisation Process

The HUTN grammar is optimised by
evaluating set of models sampled from the
candidate grammar
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Physical Implementation

Search executable optimises and samples
from the grammar; in a servlet,
iInstrumented MDE transformation converts
HUTN to instances and assesses;
components communicate over HT TP

Instrumented
Search Executable < HTTP o > .
Transformation
s R —— —
. HUTN instance {=>{ model instance |
e A\ o Y,
"""""""""""""""""""""""" N T N
HUTN instance {=>{ model instance
----------------------------------------------------------------------------------------------------------------------------------------------------- - K <
metamodel 1:{> HUTN grammar HUTN instance €> model instance
______________________________ e e )
A N\ N\ T y ST )
HUTN instance %> model instance
_______________________________________ ' et Y,
"""""""""""""""""""""""" < ™\
HUTN instance 6> model instance
_______________________________________ ' e )
& )
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Source Metamodel

Specifies the models that are the inputs to
the transformation under test

H sweep
<<enumeration>> <<enumeration>> = angle : Eint
‘= SimpleEvent ‘= AreaEventType
= Start = Enter
= Distance = Exit
— Touch H Pause H Action
= time : Elnt initial
0..1
Q AreakEvent
I type : AreaEventType
H staticBehaviour @——
B S——
H Event
event
= event : SimpleEvent
0..1
rules H Rule g
0..% g
H size
E World @ slze = length : Eint
g 1| = width : Ent
next 0..1
H FinalBehaviour El Behaviour
s action : EString behavior 0..1
H DynamicBehaviour
o3 action : EString
N
1 areaName
tl H Coordinate
H Area ; _
area - br 1 O x : Elnt
= name : EString | g,
0..*
http://lego.wikia.com/wiki/File:l EGO_Mindstorms_NXT.jpg.jpe

= vy : Eint
1
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Objective: Statistical Testing

Want to maximise frequency of covering
every rule, guard, and condition as
frequently as possible in order to minimise
test set size

frequency

\ 4

coverage element



Experiments

Compare efficiency of optimised and
unoptimised grammar; random search as
measure of ‘difficulty’

Optimised using hill-climbing (800 evaluations)

Unoptimised (‘uniform’ distribution)

Optimised using random search (800 evaluations)



Results

Number of test cases to cover all elements

(with a 90% likelihood) - smaller is better

optimised (hill-climb)

unoptimised

optimised (random search)

100 200

number of test cases

300



Other OQutcomes

Process highlighted ambiguities and

missing information in the original
metamodel

H Sweep
<<enumeration>> <<enumeration>> = angle : Eint
2 SimpleEvent #* AreaEventType
= Start = Enter
= Distance = Exit 47
— e E Pause E Action
= time : EInt initial
0..1
Q AreaEvent
I type : AreaEventType

H staticBehaviour @—— J7
—
H Event
event
= event : SimpleEvent
0..1
rules H Rule >
0..* n
H size
World >— i
E o >4 slze = length : Eint
g 1| @ width : EInt
next 0..1
H FinalBehaviour El Behaviour
s action : EString behavior 0..1
H DynamicBehaviour
o3 action : EString
N
1 areaName
tl H Coordinate
H Area ; _

area = EStri br 1 = x : EInt

name : EString | g, oy Eint

0. 1




Future Work

Automate metamodel to HUTN grammar
conversion; speed up evaluation

Instrumented
Search Executable < HTTP o > .
Transformation
s T Y —
. HUTN instance €{> model instance
, T e , L s , P
"""""""""""""""""""""""" 5 ™\
HUTN instance @> model instance
..................................................................................................................................................... e
metamodel |::> HUTN grammar HUTN instance 6> model instance
_______________________________ e e )
p N\ N\ : ST )
HUTN instance @> model instance
_______________________________________ ' Moo )
"""""""""""""""""""""""" 5 ™\
HUTN instance 6> model instance
_______________________________________ ' et )
S )
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