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Model-Driven Software Engineering (MDSE) has proven to be a successful approach in terms of
gaining quality and efficiency.

Traditional approaches based on the OMG 4-layer architecture (2 levels of abstraction available
for the modeller). This might introduce various challenges:

Convolution | separation of concerns | maintainability

Multilevel Modelling (MLM) can help in this context

Juan de Lara, Esther Guerra, and Jesus Sanchez Cuadrado. When and how to use
multilevel modelling. ACM Trans. on Software Engineering and Methodology
(TOSEM), 24(2):12, 2014.

Colin Atkinson and Thomas Kuhne. Reducing accidental complexity in domain _ _
models. Software & Systems Modeling, 7(3):345-359, 2008. Traditional MDSE Multilevel Modelling
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A key element to understand the behaviour of a system is to understand the behaviour of the
models abstracting it.

One way is by model transformations. Reusable!

Several approaches for reusable model transformations rely on two-level modelling
hierarchies.

Multilevel Coupled Model Transformations (MCMTs) to achieve multilevel model
transformations.
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A key element to understand the behaviour of a system is to understand the behaviour of the
models abstracting it.

One way is by model transformations. Reusable!

Several approaches for reusable model transformations rely on two-level modelling
hierarchies.

Multilevel Coupled Model Transformations (MCMTs) to achieve multilevel model
transformations.

We rely on Maude which is a high-level language and a high-performance interpreter and
compiler in the OBJ algebraic specification family.

Specification of Rewrite logic theory that can be executed.



Western Norway

The infrastructure » University of

Applied Sciences

Mutecoe @

s~ CreatePart

, T —— Maude

3
S SendPartOut

S

(2]

= .
i© TransferPart 4| Transformer o .

s " - MultEcore > Multlleve| MCMTs

" hierarchy >
Assemble Maude
\ 4 \ 4

o Maude rewriting engine

=
2
5

.-E \---l--------l--r- --------- 1----I
— Interative ! 1

% execution : :
= ; :
= . | Stateg State4 State, :
= : :

1
!
1
1
] checking
Berlgazlr::;e;l _| Configuration |_~
3 pt e Interface : Batch
__ CONSHAIMS L execution




The infrastructure - MultEcore

MCMTSs rules

SendPartOut

TransferPart

Assemble

Multilevel hierarchy

Transformer
MultEcore

Maude

Western Norway
University of
Applied Sciences



\ Western Norway
University of

The infrastructure - MultEcore University of e

(a) generic_plant

MultEcore .\ G B o (N =
o= Machine FRefrence Container contains@1-2-* Part
in@1-2-* EReference
EReference
CreatePart creates@1-1-* ]
EReference
(2} PE. ¢ R
) > =
=] SendPartOut i -
- - (b) hammer_plant (c) stool_plant
ﬁ ’ " - Machine 1-1-* Machine == N Container (A bt Machine 1 ;ll_ Machine »‘]-1-;!— Machine 1
E GenHandle GenHead Conveyor Genleg GenSeat Gluer
O —r TransferPart
- - [ T T creates@1-1-*| creates aEstEs Qs I”e"tes c"""@1'1"| EReference] | eates@1-1-*| creates creates@1-1-*| creates
: : ransformer = 1 Part e Container L por LY Part - Container =14
e okl S gy v— - Uiz L L
Assemble MUHECOI’e Handle Head Tray Leg Seat Box
Maude ]
hasHandle@1-1-* hasHead@1-1-*| EReference hasLeg@1-1-*| EReference  hasSeat@1-1-* | EReference
EReference Part i Machine 11 part gl
1.1 Hammer 1.1 Assembler 3.3 Stool 1
A A
T hamemer piant T swool plant - -
| - s — il (d) hammer_config (e) stool_confi
Gentead - Genleg Ly
ghead gleg

out@1-1-*| out@2 out@1v1—'|out(?2
Bux 11
b1

Multilevel hierarchy

Conveyur ‘I-?-;;— " in1@1-1-*
cl — >
cout in@2 I
Tray Giuer _1-1-],
@2 gluer
Conveyor —— i, 6o g
2 ) b2
in2@1-1-*
lcout@1-1 q_l
cout cout@1-1-* cout in@2 out@1-1-] out@2
out@1-1-*] out@2 out@1-1-*| out@2
| 1 | ¢ EE
GenHandle 11-1-24 -1 Conveyor -1+ GenSeat 1.7+ Box = 1-1-4
ghandle assembler out@1-1}* a3 gseat 6
out@2




The infrastructure - MultEcore

MCMTSs rules

MultEcore Q

o
META CreatePart
FROM T0
"2l "at —S-1Ti
— SendPartOut
= TransferPart
E Assemble

Transformer
MultEcore

Maude

A}

Western Norway
University of
Applied Sciences

@ stool ptant

o, | »l’“w [

Multilevel hierarchy

o) stool m—ln;?

special_head_config

/Genm—! e

SpecialGenHead

creates creates@1-1-*

" Head ¥ I

GreenHead

(a) generic_plant
(Cecas >— 0 oweior [ Foes — i (ecss — -
Machine EReference Container contains@1-2-* Part
in@1-2-* EReference
EReference
I creates@1-1-* I
EReference
A
]
(b) hammer _plant
Machine 1-1-2  Machine 1-1-% m—'ﬂ
GenHandle GenHead Conveyor
creates@1-1-']creates creates@1-1-* |cleates cout@1-1-‘|EReference
Part ——1-1-5!— Pt 1101 (Contam _1-1-:_'—
Handle Head Tray
hasHandle@1-1-*| hasHead@1-1-*| EReference
EReference |  part iR ( Machine ™ — -
1.1 Hammer 1.1 Assembler
A
]
(d) hammer_config
ghead
out@1-1-*| out@2
Conveyor> -
c1
cout
o EEa @ e
t2
(Conveyor> 7
2
cout@m—'l
cout  in@1-1-]in@2 cout@1-1-| cout
out@1-1 ~’]out@2
EE (Aasermtier LR ((Conveyort—ii
ghandle assembler out@1-14* a3
out@2 7




The infrastructure - MultEcore

MCMTSs rules

META

SendPartOut

TransferPart

Assemble

Multilevel hierarchy

Transformer
MultEcore

Maude

Western Norway
University of
Applied Sciences

Machine cr Part
—_— P1
creates
META CreatePart
FROM TO
M1 M1 c P1
ml mli —— pi
cr
Hachineo—mvContainerw‘ Part
L +
creates
Hachine cr Pare
& creates ki
META _ SendPartOut
FROM TO
" ¢ m OUL  Costaiser n " out - Coetaseer
1 — 1
= cr = out el p‘ co out c,"
contains
. contains
Container —————— Part
Conveyor Souy Tray
META TransferPart
FROM TO
Pmpl o1 cq.:);. r“’tl “"pl Convayor ¢ n._-t1
contains cout 'y co2 cout |
contains
in B
—_— 2 T
Machine CcontamerM Part
out
pars hi[M] part h2[N] part
kL EReference L EReference k2
Assemble
META 2
EROM oo [M] actane TO  uentue
Cpt V m1 mi
|
icol| contains ol om0l conrdiak? cumate 2t P
===z e el c2 cl c2 co3 p3
-c?? contains contains 8
ISR N]




The infrastructure - MCMTs

Machine CY Part
M1 > P1
creates
META
FROM T0
M1 M1 C P1
m1 mi —— pl

\ Western Norway
University of
Applied Sciences

CreatePart



Applied Sciences

The infrastructure - MCMTs \, T

CY Part

> P1
creates
—
/ . CreatePart
T0O
M1 C P1
| 1
m1 cr P




The infrastructure - MCMTs

Machine CY Part
M1 > P1
creates
META
FROM T0
M1 M1 C P1
m1 mi —— pl

\ Western Norway
University of
Applied Sciences

CreatePart



Horizontal flexibility

(b) hammer_plant

Machine
GenHandle

creates ‘ creates
Part

Handle

(d) hammer_config

GenHandle
ghandle

Machine cTr Part
M1 > P1
creates
META
FROM TO
M1 M1 C P1
mi mi —— pl
cr

\ Western Norway
University of
Applied Sciences

(c) stool_plar)t

Machine
GenSeat

creates ‘ creates
Part

Seat

(e) stool_config

GenSeat
gseat




Horizontal flexibility

(b) hammer plant

Machine
GenHandle

creates ‘ creates
Part

Handle

N

%

(d) hammer_config

GenHandle
ghandle

\ Western Norway
University of
Applied Sciences

(c) stool_p[gnt

Machine
GenSeat

creates ‘creates
_ Part

Seat

Machine cTr Part
M1 > P1
creates
META
FROM TO
M1 M1 C P1
mi mi —— pl
cr

(e) stool_config

GenSeat
gseat

10



Horizontal flexibility

(b) hammer plant

Machine
GenHandle

creates ‘ creates
Part

Handle

N

%

(d) hammer_config

GenHandle
ghandle

\ Western Norway
University of
Applied Sciences

(c) stool_plgr)t

Machine
GenSeat

creates ‘creates
~ Part ‘

Seat

Machine cTr Part
M1 > P1
creates
META
FROM TO
M1 M1 C P1
mi mi —— pl
cr

(e) stool_config

GenSeat
gseat

10



Horizontal flexibility \, iyl ™.

(b) hammer plant (c) stool_plgqt

/ Machine —\ / Machine —\

GenHandle GenSeat

Machine cTr Part
creates creates Ml > Pl creates | creates
Part creates @i
Handle ~ Seat
\ / META \_ )
, FROM TO ,
(d) hammer_config (e) stool_config
M1 M1 C P1
"Gerrrﬁ-lair;dle‘ ml ml cr p 1 GenSeat —————————
ghandle gseat

g

10



Vertical flexibility

Machine

GenHead

creates@1-1-*

K4

Part

Head

Western Norway
University of
Applied Sciences

Machine cTr Part
M1 > 1261
creates
META
FROM TO
M1 M1 C P1 1
ml ml 7 P

creates

11



Vertical flexibility

Machine

GenHead

creates@1-1-*

K4

Part

Head

Western Norway
University of
Applied Sciences

Machine cTr Part
M1 > P1
creates
META
FROM TO
M1 M1 C P1 1
ml ml T e P

creates

11



Applied Sciences

Vertical flexibility N , Western Norway

M(ich;inrev —_— , Part> -
GenHead creates@1-1-* B
creates
Machine cTY Pz
M1 - P1
creates
META
FROM TO
M1 M1 C P1
ml mli —— pl
cTr

11



Vertical flexibility N , Western Norway

Applied Sciences

M(;cf;ine — ] Partv ]
GenHead creates@1-1-* " Head
creates
Machine cTr Part
M1 > P1
creates
META
{ GenHead ‘— GenHead — 4 Head :
M1 M1 C P1 ghead ghead c@1-1-1 head
ml ml 7’ pl o

11



Vertical flexibility \, iyl ™.

Machine Part
" GenHead creates@1-1-* S
creates
Machine cTr Part
M1 > P1
creates
META G s
SpecialGenHead creates@1-1-* GreenHead
creates

FROM

M1
ml

TO

M1 C P1
ml - pl
er

11



Vertical flexibility N , Western Norway

Applied Sciences

Machiné — Part'
~ GenHead creates@1-1-* T i

creates
Machine cTY Pz

M1 > P1
creates

META T ")'./genHea‘d\.““—‘ Head

SpecialGenHead creates@1-1-* GreenHead

creates

FROM TO

M1 M1 C P1

5 1
ml L cr P

11



Vertical flexibility \, iyl ™.

Machine

Part ]
GenHead creates@1-1-* ~ Head
creates
Machine cTr Part
M1 > 1251
creates
META (Genreai > T
SpecialGenHead creates@1-1-* GreenHead
creates
Head r e “"’G‘r;enHe:aJ\\
M1 M1 C P1 specialghead specialghead c@1-1-* greenhead
mi mli —— pl
cr er

11



The infrastructure - MCMTs \, Unversityof "

Applied Sciences

SendPartOut

, out , contains
Machine—— Container > Part
I A
creates
Machine CcTr Part
M1 > P1
creates
META fu
FROM TO
P1 C M1 Out Container P1 M1 Out Container
pl — ml — cl pl ml — cl
cr out A coO out |
contains

12



Applied Sciences

The infrastructure - MCMTs \, Unversityof "

TransferPart
, contains
Container > Part
Conveyor cout Tray
META
FROM TO
Part Conveyor C Tray Part Conveyor C Tray
pt 1 1 —— 1 pl c1 ———  t1
Coriliiins cout A co?2 cout |
contains

13



The infrastructure - MCMTs

Western Norway
University of
Applied Sciences

K4

= , Assemble
. ) contalins
Machine____, Container >0 Part
out
Part hi[M] h2[N] Part
121 < > P2
EReference EReference
META
r _F_R_QM _________ [M] Machine TO Machine
= | mi ml
| p | & .
S B P PR Y Py
:CO 1 Conta:ins : Contain’gp Contain(glut Contain%xn Containgly't P3
F:::::::::.:::::l cl c2 cl c?2 co3 p3
:c%?‘contazns | contains
| i [N]

14



The infrastructure - MCMTs

Western Norway
University of
Applied Sciences

K4

- Part 4 V;Parrt: ‘
Leg Seat ASSGm ble
hasLeg ERefereijce hasSeat | EReference
 Part
3.3 Stool 1.1 =
: ﬁ, . contains
Machine___, Container — > Part
out
Part h1 [M] Part h2 [N] Part
P1 P2
EReference EReference
META
P ERfQM 777777777 [M] Machine TO Machine
P1
1 1 | mi ml
| p | e s
' e da r ' q t - r q t
: GO 1 con t aitns : Containllép Containgx"u Contain%ln Containgtl‘u P3
::::::::::.:::::‘ C1 C2 C1 C2 C03 p3
:C%Q contains | P
P2 [N] 15



The infrastructure - MCMTs

4 _Part

Leg

hasLeg | EReference
 Part

3.3

Stool

Western Norway
University of
Applied Sciences

K4

4 Part ‘
Seat Assemble
hasSeat | EReference
1.1 :
: ﬁ, . contains
Machine___, Container — > Part
\ out
Part h1 [M] h2 [N] Part
P1 P2
EReference EReference
META
r ,FR,Q M, S o s L 1 ”\t[M] Machine TO Machine
: o P1 : . r mil 1 - r ml ?
I O T I 0 2l = o
:CO 1 Conta'ins : Containllép Containgx"ut Contain%ln Containgtut P3
‘::::::::::.:::::‘ C1 C2 C1 C2 C03 p3
:C%Q contains i contains
. p2 N] 15



The infrastructure - MCMTs

4 _Part

Leg

hasLeg | EReference
 Part

3.3

. Part

Seat

hasSeat

Stool

EReference

in

Western Norway
University of
Applied Sciences

K4

Assemble

contains

Machine___, Container — > Part
out
hi[M] h2[N] Part
P1 P2
EReference EReference
META N

r ,FR,Q M, BT S ”\t[M] Machine TO Machine
| P1p1 ‘ mi mi
' Lo Lo | ol
:CO 1 Conta'ins : Containllép Containgx"ut Contain%ln Containgtut P3
:cg? contains \ contains
. p2 IN] 15



Applied Sciences

The infrastructure - MCMTs \, Universityor

in .
L contailns
Machine — . Container Part Assemble
out
Unfolded
Part h]_ [M] Part h2 [N] Part
P1 P3 P2
EReference EReference for
META il
FROM TO Stools
Piﬁ 1 gol 1
- Conta'l;ns Machine Machine
{ 2 ml mil
P1 COl. . . .
pl.2 — . En O—j_ out L r?,n q out
CcCOon t al1ns Container Container Conta'iner Container P3
el c2 el c2 co3 p3
P1 ca2 3 | —
pl3 <« . contains
contains
Pi)z 1 co2.1
B contains

16



The infrastructure - MultEcore

MCMTSs rules

SendPartOut

TransferPart

Assemble

Multilevel hierarchy

Transformer
MultEcore

Maude

Western Norway
University of
Applied Sciences

17



The infrastructure - Maude \, e

Applied Sciences

akis Maude supports both equational and rewriting
logic computation.
Transformer > Multilevel
MultEcore hierarchy P s
Maude
JV Y

Maude rewriting engine

v
—
Q
—
®
o
(2}
—
Q
-
(]
-
wn
—
Q
=
0]
3

18



The infrastructure - Maude

Transformer
MultEcore

Maude

Maude

» Multilevel

hierarchy

o

MCMTs

Y

Y

Maude rewriting engine

\ Western Norway
University of
Applied Sciences

Maude supports both equational and rewriting
logic computation.

Rewriting logic is a logic of concurrent change
that can naturally deal with state and with
concurrent computations.
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Maude supports both equational and rewriting
logic computation.

Rewriting logic is a logic of concurrent change
that can naturally deal with state and with
concurrent computations.

In a nutshell:

e Formal specification
e Execution of the specification
e Formal environment

It allow us to execute and verify our multilevel
settings.
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But... why Maude?

It is mature and quite efficient.

Totally customizable syntax.
Agnostic from the models.

Model checking.
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We performed a controlled step-wise execution with srewrite command (srew).

1 srew PLS using CreatePart ;

2 CreatePart ;

3 SendPartOut ;
4 SendPartQut ;
9 TransferPart ;
6 TransferPart ;
i Assemble ;

8 TransferPart

20



Applied Sciences

Execution and results A , Western Norway

We performed a controlled step-wise execution with srewrite command (srew).

1 srew PLS using CreatePart ;
2 CreatePart ; " GenHead > o
3 SendPartOut ; ghead
4 SendPartQut ;
54 TransferPart ; out@1-1-*| out@2
6 TransferPart ; Conveyor —¥— 1 o
i Assemble ; L cout |
8 TransferPart . Tray > -1 ey ——Jei
1 t2
L
c2 4 [
cout@1-1-*
7'y cout in@1-1-*in@2 cout@1-1-*| cout
out@1-1-*| out@2
i el W Gl BB
ghandle assembler out@1-14* c3

out@2 2 O




Execution and results A , Western Norway

Applied Sciences

We performed a controlled step-wise execution with srewrite command (srew).

1 srew PLS using CreatePart ;
2 CreatePart ; GenHead ——1-1-7— o
5 SendPartOut ; ghead /H""”"e;:mmer 114
4 SendPartQut ;
54 TransferPart ; out@1-1-*| out@2 ‘
6 TransferPart ; Conveyor —¥—l1 o _ .
7 e ; cl ﬁcout contains@1-1-1 contains@2
8 TransferPart . Tray > -1 ey L
t1 t2
g —
c2 2 [
cout@1-1-*
7'y cout in@1-1-*in@2 cout@1-1-*| cout
out@1-1-*| out@2
rarie— - Tl T B
ghandle assembler out@1-14* c3
out@2 20




The infrastructure

MCMTs rules

Multilevel hierarchy

MutEcore @

CreatePart

SendPartOut

TransferPart

Assemble

Transformer
MultEcore

Maude

Maude

A4

Multilevel MCMTs

Behavioural
properties/

constraints

_ Configuration

Interface

hierarchy >

Interative

1

]

execution :
!

Stateg State State,, :

]

'

!

1

checking
Batch
execution

Western Norway
University of
Applied Sciences

21



Western Norway

FUtU re WO rk \' University of

Applied Sciences

Implementation of the pending elements on the infrastructure.
Specification of static semantics (constraints for structural/semantical correctness).
Explore strategies in Maude for customizable executions.

Strengthen the MultEcore <-> Maude transformer.
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Questions?

Alejandro Rodriguez

arte@hvl.no

www.linkedin.com/in/alertena
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