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Why?

What is the problem?




Modelling complex systems

" Systems are growing in:
" Size
* Complexity
* Context diversity is increasing
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Framework

" Uniform and efficient

access/interaction
Does not exist

" Reimplementation of domain-specific

storage and algorithms

Inefficient storage
" Hitin performance

Impossible if proprietary

* Communication with external services
not transparent



What?

What do we need to solve the problem?




FRAMEWORK
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%)

Scalability

* Harmonise heterogeneous
models
" Management
* Interaction

* Easy extension with new model
types
" Efficient development

" Transparent to users
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* Harmonise heterogeneous
models
" Management
* Interaction

* Easy extension with new model
types
" Efficient development

" Transparent to users
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FRAMEWORK

Reuse

* Allow for integration of existing
implementations/services
" Efficient storage
* Optimised performance
* Proprietary implementations
* Decreased development time
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FRAMEWORK

Scalability Reuse Explicit development process
* Harmonise heterogeneous * Allow for integration of existing " Explicitly documented

models implementations/services development process

* Management " Efficient storage * Less time spent reverse engineering

* Interaction * Optimised performance * Interested readers are up to speed
" Easy extension with new model " Proprietary implementations quickly

types " Decreased development time " Starting point for future

" Efficient development contributions

" Transparent to users
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How?

How did we solve the problem?




Running Example: Coordinate Systems
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Running Example: Coordinate Systems

Cartesian coordinate system y

= 2-dimensional
* -coordinate: distance from -axis
* -coordinate: distance from -axis

" Efficient computation of translation
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Running Example: Coordinate Systems

Cartesian coordinate system

= 2-dimensional
* -coordinate: distance from -axis
* -coordinate: distance from -axis

" Efficient computation of translation

Polar coordinate system

= 2-dimensional
* -coordinate: distance from pole/origin

* -coordinate: angle between ray and
polar axis

* Efficient computation of rotation

16



Running Example: Coordinate Systems

r=vxZ+y?

O —arctan (%)

Cartesian coordinate system y Polar coordinate system

= 2-dimensional = 2-dimensional
* -coordinate: distance from -axis * -coordinate: distance from pole/origin
* -coordinate: distance from -axis = -coordinate: angle between ray and

polar axis
* Efficient computation of rotation

" Efficient computation of translation
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M eta' M Od el I i ng (Language Engineering)

* Define linguistic type model (LTM)

" Concepts
" Concept structures
" Interrelationships

LTMCartesz'an

PointCartesian : Class

LTM Polar

PointPolar : Class

x: Float r: Float
y: Float theta: Float
M MyCartesian My yPolar

my_cart : PointCartesian

x=1.0

y=0.0

my_polar : PointPolar

r=1.0

theta=3.14
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M eta' M Od el I i ng (Language Engineering)

* Define linguistic type model (LTM)
" Concepts
" Concept structures
" Interrelationships

" Described using a meta-language
" Simplified form of UML class diagrams
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>

Inheritance

v v ]

AttributeLink

name: String
optional: Boolean

Element
N -1
| ) ] ~
constraint: ActionCode
Class GlobalConstraint Attribute
abstract. Boolean
lower_cardinality: Integer
upper_cardinality: Integer
Association
source_lower_cardinality: Integer
source_upper_cardinality: Integer
target_lower_cardinality: Integer
target_upper_cardinality: Integer
LTMCartesz'an LTMPolar

PointCartesian : Class

X: Float

PointPolar : Class

my_cart : PointCartesian

x=1.0

y=0.0

r: Float
y: Float theta: Float
M MyCartesian My yPolar

my_polar : PointPolar

r=1.0

theta=3.14
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M eta' M Od el I i ng (Language Engineering)

* Define linguistic type model (LTM)
" Concepts
" Concept structures
" Interrelationships
" Described using a meta-language
" Simplified form of UML class diagrams

" Type/instance relationship
" By construction (instantiation)
" A posteriori (conformance check)

Inheritance

v v ]

AttributeLink

> name: String
~ Element P optional: Boolean
| ) ] ~
constraint: ActionCode
Class GlobalConstraint Attribute
abstract. Boo 2an
lower_cardinality: Integer
upper_cardinality: Integer
Associition
source_lower_cardinality: Integer
source_uj per_cardinality: Integer
target_lower_cardinality: Integer
target_upper_cardinality: Integer
LTMCartesz'an LTMPolar

PointCartesian : Class
i Float

| y: Fleat

M MyCartesian

{
my_cart : PointCartesian

x=1.0

y=0.0

PointPolar : Class

r. Float

1 thete: Float

M MyPolar

my_polar : PointPolar

r=10

theta=3.14
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Modular Meta-Modelling

Contribution 1




Modular Meta-Modelling

" Modelverse’s meta-language (

" Redefinition of (primitive) types in
each LTM
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Inheritance

v v ]

>

<4 Element

constraint: ActionCode

i

A

AttributeLink
name: String
optional: Boolean

Class GlobalConstraint

Attribute

abstract. Boolean

lower_cardinality: Integer

upper_cardinality: Integer

Association

source_lower_cardinality: Integer
source_upper_cardinality: Integer
target_lower_cardinality: Integer
target_upper_cardinality: Integer
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Modular Meta-Modelling

" Modelverse’s meta-language (

" Redefinition of (primitive) types in
each LTM

" Proposed meta-language

" Allow references to other models

" Enables modular composition
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nheritance

v v ]

>

N
1%

Element

constraint: ActionCode

A

i

AttributeLink
name: String
optional: Boolean

Class GlobalConstraint Attribute
abstract. Boolean
lower_cardinality: Integer
upper_cardinality: Integer
Association
source_lower_cardinality: Integer
source_upper_cardinality: Integer
target_lower_cardinality: Integer
target_upper_cardinality: Integer
Inheritance
| i \J; AttributeLink
> name: String
~ Element P optional: Boolean
| ) ] ~
constraint. ActionCode
Class GlobalConstraint Attribute
abstract: Boolean S 1
lower_cardinality: Integer | ? |
upper_cardinality: Integer I I
Association | Mode|Rer I
source_lower_cardinality: Integer I I
source_upper_cardinality: Integer
target_lower_cardinality: Integer I e S ———
target_upper_cardinality: Integer
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Modular Meta-Modell
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ing: Example

Inheritance

v v ]

LTMCartesian

MM yCartesign

x = float01

y = float02

my_cdrt : PointCarteg'E/

lower_cardinality = 1

upper_cardinality = 1

AttributeLink
> name: String
~ Element P optional: Boolean
L i ) ~
constraint. ActionCode
Class GlobalConstraint Attribute
abstract: Boolean
lower_cardinality: Integer ?
upper_cardinality: Integer
Association MacsIRef
source_lower_cardinality: Integer
source_upper._cardinality: Integer
target_lower_cardinality: Integer
target_upper_cardinality: Integer
uT MFluat
PointCartesian : Class
Float : Class

Constraints:

- values contained by Float nodes
are of physical float type

float : Float

float

28



Multi-Conformance
Meta-Modelling Framework

Contribution 2




Framework: Workflow

Model

Switch?

Type

Get
Get Models Get Types HSelect Type Services

Invoke
Service(s)

:LTM | - LTM,
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: LTMpycr

: LTMyor,

: LTMggprc

30



Framework: Workflow Example
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Model

Switch?
Type
A 4
Select Get Invoke
Get Models Model Get Types Select Type Services Service(s)
: LTM, :LTM : LTMpcr, : LTMycr, : LTMgsprc
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Framework: Workflow Example

podel Switch?
Type
Y
Select Get Invoke (_ )
Get Models Model Get Types Select Type Services Service(s) 1 ’0
:LTM | :LTM, : LTMpcr : LTMycr : LTMssprc
(1,0)
M MyCartesian LTM, Cartesian LT Mpoiar
my_cart : PointCartesian PointCartesian : Class PointPolar : Class
< X = float01 > < x: Float r: Float >
oee 9 y = float02 9 eooo eee y: Float ) theta: Float 9 oo
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Framework: Workflow Example
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[ XX ] ’

) S\\itch view/context to

Model

(1,)

LTM Polar

PointPolar : Class

r: Float

theta: Float

Switch?
Type
y
Select Get Invoke
Get Models Model Get Types Select Type Services Service(s)
e : LTM, : LTMpycr : LTMucr : LTMgsprc
(1,0)
2 e
My, yCartesian LT Mgartesian
my_cart : PointCartesian PointCartesian : Class
x = float01 > < x: Float
y = float02 9 oeoo XTI ) y: Float
< -

’ [ XX J

('1’0)
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Framework: Workflow Example

mm——) S\vitch view/context to (1,)

Model Switch?
w Perform rotation: (1,)
Type os*
A 4 oo*
.
®
Select Get Invoke -
Get Models Model Get Types Select Type Services Service(s) ( 1,0)
: LTMJ— : LTMJ_ : LTMMCL LTMMCL 5 LTMSSPEC
e,
Y. o, ta,
: "*% services for pol di
(1,0) *ay, Services for polar coordinates,
. 3
"'~.,. e.g. perform rotation
L
r 2 . “eay -
M MyCartesian LTM, Cartesian LT Mpoiar
my_cart : PointCartesian PointCartesian : Class PointPolar : Class
x = floato1 > < x: Float r: Float >
'YX ) ’ y = float02 ’ PY X ) P YY) ’ y: Float theta: Float ’ Y Y
o . 7
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Framework: Workflow Example

Switch view/context back to (0"1)

m——) S\vitch view/context to (1,)

Model Switch?
w Perform rotation: (1,)
Type os*
A 4 oo*
o**
Select Get Invoke -
Get Models Model Get Types Select Type Services Service(s) ( 1,0)
: LTMJ— : LTMJ_ : LTMMCL . LTMMCL 5 LTMSSPEC
<
.,.. .,
N a 4, . o
e, & Services for polar coordinates,
9 e,
L °
T, e.g. perform rotation
a ~N r oy Ya ~
M MyCartesian LTM, Cartesian LT Mpoiar
my_cart : PointCartesian PointCartesian : Class PointPolar : Class
< X = float01 > < x: Float r: Float >
'YX ) ’ y = float02 ’ PY X ) P YY) ’ y: Float ’ theta: Float ’ Y Y
8 7 . 7
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Framework: Multi-Conformance, Scalability and Reuse




Framework: Multi-Conformance, Scalability and Reuse

Model

Switch?
Type
A 4
Select Get Invoke
.—)[Get ModesH Vodol HGet Types Hselect Type H Services H Service(s) ]
[ ——— ] | e |
: LTM :LTM, : LTMcr : LTMpcr, : LTMgsprc
| ) —

Every model can be viewed
as a graph
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Linguistic Type Model

" Explicit representation of the physical
type model
" Directed graph
" Nodes and edges connected via edges
" Nodes are empty or contain primitive values

" Axiom: every model conforms to
" Canonical representation
" Bootstrapping starting point

* Decouple implementation/algorithms from
internal data structure

" Support for mega-modelling
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Node

A

Type

Boolean

Integer

Float

String
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Framework: Multi-Conformance, Scalability and Reuse

Model

Switch?
Type
A 4
Select Get Invoke
.—)[Get ModesH Vodol HGet Types Hselect Type H Services H Service(s) ]
[ ——— ] | e |
: LTM :LTM, : LTMcr : LTMpcr, : LTMgsprc
| ) —

Every model can be viewed
as a graph
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Framework: Multi-Conformance, Scalability and Reuse

Model Switch?
Type
Y
: : LTM, : :ﬂ: : LTMmcr :LTMper,  : LTMsgsprc
Every model can be viewed
as a graph = s always part of the

conformance set
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Framework: Multi-Conformance, Scalability and Reuse

Model Switch?
Type
\ 4
: : LTM, : : : LTM : : LTMycr : LTMcr : LTMssprc
Every model can be viewed
as a graph = s always part of the

conformance set
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Framework: Multi-Conformance, Scalability and Reuse

Model Switch?
Type
A\ 4
Select Get Invoke
.—)[Get ModelsH Model HGet Types HSelect TypeH Services Service(s) ]
| |
: LTM : LTM : LTMumcr : LTMucr, : LTMgsprc
| ) —

Every model can be viewed ~ \
as a graph = is always part of the At least CRUD operations
conformance set
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Framework: Multi-Conformance, Scalability and Reuse

Model

Switch?

Type

Y
Get Models Select Get Types Select Type
Model P yp

Get
Services

Invoke

Service(s) ]

| |
: LTM | :LTM : LTMpcr,

Every model can be viewed

H LTMMCL

: LTMssprc

as a graph = is always part of the

conformance set

% At least CRUD operations

Optionally, specialised
operations, e.g. simulation...
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Framework: Multi-Conformance, Scalability and Reuse

Model

Switch?

Type

Y
Get Models Select Get Types Select Type
Model P yp

Get
Services

Invoke

Service(s) ]

| |
: LTM | :LTM : LTMpcr,

Every model can be viewed

H LTMMCL

: LTMssprc

__——» Implementation free to use
any data structures/algorithms

as a graph = is always part of the

conformance set

% At least CRUD operations
Optionally, specialised

operations, e.g. simulation...
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Framework: Multi-Conformance, Scalability and Reuse

Model

Switch?

Type

Y
Get Models Select Get Types Select Type
Model P yp

Get
Services

Invoke

| |
: LTM | :LTM : LTMpcr,

Every model can be viewed

H LTMMCL

Seme(s)]/v Transformation to/from

: LTMssprc

__——» Implementation free to use
any data structures/algorithms

as a graph = is always part of the

conformance set

% At least CRUD operations
Optionally, specialised

operations, e.g. simulation...
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Framework: Multi-Conformance, Scalability and Reuse

Model

,

A\ 4
.—)[Get ModelsH

Tuno
A 4
Select
Model H Get Types HSelect TypeH

Get
Services

Invoke
Service(s)

[ mr——— |
: LTM,

: LTM,

Every model can be viewed
= is always part of the

as a graph

: LTMMCL

conformance set

H LTMMCL

]/1 Transformation to/from

: LTMssprc

__——» Implementation free to use
any data structures/algorithms

% At least CRUD operations
Optionally, specialised

operations, e.g. simulation...
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Explicit Development Process

Contribution 3




Implementation/Bootstrapping Workflow

p
Implement

PTM

~

[ Implement )

LMY

\_services )

{ N
Implement
LTMs of
primitive
types

f N
Implement

LTMuycr,

\, 7

[ Implement
nominal and
structural
conformance

7

o

Implement
services

. check

Implement

services

y N
Explicitly
model

rrm®

’

. v

Implement
services

~




Summary of Contributions

" Meta-language / with support for modular composition

" Meta-modelling framework

" Heterogeneous model storage and service implementation

" Canonical graph representation
* Multi-conformance
* Context switching

" Explicitly described implementation workflow
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Future Work

* Addition of model transformations (reimplementation of RP2)
" Allows definition of translational and operational semantics
" Full fledged language engineering environment

" Continue the implementation/bootstrapping cycle
" Start bootstrapping the framework within itself

" Efficient computation of conformance set
" For each model
" Incrementally
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Thank you for you attention

Questions?
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