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Early performance evaluation
is essential when designing

systems

* Early performance evaluation
requires:

* Modeling the behavior of
systems.

* Simulating them before real
implementation.

=>» Executable DSLs (xDSLs) are well
suited for this endeavor.
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Case study: early performance evaluation of
manufacturing systems

Manufacturing system
xDSL

JA\

' Conforms to

How many products are
manufactured during 8 hours?

&Y . 2 Do machines work all the
[ >& \e time?

Executio& How many defective products
were thrown away?

Envisioned system Model of the system
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Performance evaluation : KPl measurement

] Global KPIs: Apply to the
Key Performance Indicators (KPlIs) : complete manufacturing

) Throughput
Set of metrics used to evaluate the rate system.

performance of a system.

: Scrap rate
- Measured on a real system ratio
during execution _ _ |
- Measured early on a modeled
system during simulation
. pe . Machine Machine
KPls are specific to the considered utilization ‘ s
domain.
N~ Machine N~
Local KPIs: Apply to waiting
components of the time
manufacturing system. Slide 4 of 15



Problem: Cost of implementing KPIs

. . . . Model
Even if KPIs are defined for a given domain, Create . :
. manufacturing industrial
they must be (re-)implemented for each system xDSL — system
new modeled system v v
> \—
* Cumbersome, v
* Costly job, Evaluate Implement
* Error-prone task simulation KPlIs
= \ , : ,
! \—/ / \/
1 1 . - .
v v INM/achme Utilization (MU) ? A / \/
N Al
; Formula to implement Simulate
2 IMU = 3 TaskDuration(Robot) / ExecutionTime system
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Create

manufacturing
system xDSL

Proposal: Defining KPlIs directly at the level of a DSL

L/

Implement

KPIs |

Evaluate

simulation

Model
industrial
system

K

Choose and
configure KPls
for model

KPIs available on the model level, as if they were on a library shelf.

Simulate
system
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Case Study:
Simple Manufacturing System (SMS) xDSL

= ProductionLine ]

= name : EString

= simulationDuration : EInt

[1..1] system I
v[0..*] elements

("‘ ProductionLineElement GenHead

= name : EString &
= taskDuration : Elnt \ ‘
1 T 1

{ =] Machine ] { % Container ]
L = pendingDuration : EInt J L = capacity : EInt

1
[0.%] machine |[1.1] machine GenHandle
£l Conveyor [0.1] tray H Tray |

(1.7 output) | 0.1 nput {110 J Mﬁa
[0.*]in
( E] ProductTypeRef ]

| © cardinality : Elnt | Example of an SMS Model : Hammer Production Line
[0..*] types \ [1.1] machineProductType

Assembler

~—

| ProductType

= name : EString

- J Slide 7 of 15
_= isFinal : EBoolean = false SMS abstract syntax (metamodel)




| Operational semantics (simulator)

‘“ ProductionLineElement |

<
<

M[ | SimulationState ]

[ = currentTime : EInt J

3{0..*] elementsState
£ ProductionLineElementState

= name : EString
= taskDuration : EInt

[ ! ProductType

|
1
|
1
J [1..1] peductionlineelement
|
[}
|
1
|
1

L )]
[1.1] productionlineelementstateI
[0..*] tasks

[Q ContainerState] [ - Task

) = startTime : EInt
o state : TaskState

1[1..1] containerstate| = endTime : EInt
[0..*] parts

i

i 1 Product ]

= name : EString <[1--1i] type
= isFinal : EBoolean = false

Extract from the abstract
syntax

= name : EString
| = isMoving : EBoolean = false

“ TaskState

= IN_PROGRESS
- FROZEN
= FINISHED

RuntimeState package

—/

GenHead ¢&—F—% ¢——9

0 3
GenHandle &— —
2 4 A5
Conveyor A AL 9 B
3 [
Conveyor B S S
4
Assembler
Conveyor C

Time advancement based on discrete
event simulation of the Hammer
Production Line SMS Model
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Process: Defining KPIs at the language level

Language Workbench

Simple Manufacturing Trace SMM
System SMS xDSL
' creates oo S Metafl\/lodel MetaModel
Language Strac P _ | ; Imports Imports
L syntax semantics mports |
anguage ©cmf S SMS KPI Catalog
Engineer T I |
| | Throughput KPI |
Conforms to
IConforms fo Conforms tol Machine
| | utilization KPI |
| |
O | | Modeling Workbench | |
| Creates Trace Execution KPI results
Model ——» M — — —>
Domain model anager trace model

expert Executes model

Computes KPIs for the model
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Example of KPl implementation for the SMS xDSL

Algorithm Throughput KPI formula

begin

end

SMMmodel < initializeSMMmodel();
S < executionTrace.states.last.currentTime;
N < 0;
foreach
container € ExecutionTrace.finalState do
count < 0;
foreach part € container.getParts() do
if part.getType().equals(type) then
| count ++;
end
end
if count > 0 then
| N < N+ count;
end

end
storeComputedKPIValue(SMMmodel, N/S);

This formula can be used off-the-shelf on any SMS model

% ProductionLineElement 1

M [ &/ SimulationState ]

L = currentTime : Eint J

) i{o..*] elementsState
£ ProductionLineElementState

= name : EString
= taskDuration : EInt

[ ! ProductType

<[1..1] type

J [1..1] poductionlineelement

) [1.1] productionlineelementstateI
[0.X] tasks

[E} ContainerState] £ Task

J = startTime : EInt
o state : TaskState

1[1..1] containerstate| = endTime : EInt
[0.*] parts

i

i ! Product ]

= name : EString
= isFinal : EBoolean = false

Navigation in SMS meta-model
and trace

= name : EString
| = isMoving : EBoolean = false

£ TaskState

= IN_PROGRESS
- FROZEN
= FINISHED
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Example of KPI computation on SMS model
How many @‘Q

hammers are |
produced during >MS KPI Catalog
419uT ?

Throughput KPI

GenHead Choose and

configure KPIs
J for model
Assembler 1
GenH‘andIe1 & — Name ®&Throughput
) A m i ' Tra / — N . | Value =0.329355608
—

\ A bler 2 Throughout =~ 0.3 number
i Comp ute KPI de Hammer /simulation

GenHandle2 T - E duration
b 9 m v -

Reconfiguration of Hammer Production Line Model
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[ NN ] plspef - pls_Models/g gen/ ion/ ion-20240215_133437/smmModel.xmi - GEMOC Studio

.
|mp|ementatlon Me 8%t 0 Qritl G i® Fr Gv o MiE B Q s [Fw
[ Project Explor X & Model Explore = B 4 ModelHammerProductionWith2GenHandleAnd2Assembler_versionl.abstractsyntax X =8 5!
5% % & [5Resource Set e
v &> pls_Models [simpleplsds! version.Modelsw: « 4! platform:fresource/pls_Models/Model_H: /ModelHammerProd ith2GenHandleAnd2/
=), Project Dependencies v < Production Line

v [Z>gemoc-gen

v [=execution
(= execution-20240117_134824
(= execution-20240117_140648

> 4 Machine GenHead
<4 Machine GenHandle
<4 Conveyor A

<4 Conveyor B

v
v

& eclipse
Gem:

(= execution-20240117.141026 4 Conveyor C
S d = (= execution-20240117_141217 > 4 Machine Assembler
t U I 0 (= execution-20240117_142119 4 Tray tray

(= execution-20240117_142437
(= execution-20240122_150836
(= execution-20240122_151959
(= execution-20240122_152258

v

<4 Machine GenHandle2
<4 Conveyor D
<4 Machine Assembler2
<4 Conveyor E

v

* Development environment: Gemoc Studio

(= execution-20240122_152831
(= execution-20240122_165053
(= execution-20240208_152228

VVVVVVVVVYVYY

<4 Product Type Head
<4 Product Type Handle
<4 Product Type Hammer

v [ execution-20240215_133437
> [% execution.simpletrace
> [ ModelHammerProd
> I smmModel.xmi

With2Ge!

* EMF to create the abstract syntax of the
xDSL .

Selection | Parent | List| Tree TableiTree with Columnsf

2 _ModelHammerWith2ConveyorCapacity [/ Pr @/Er @ Ja Blco @s x = B | [ Properties X =

000 O

¥ ModelHammerProduction_versionl.abst | + = platform:fresource/pls_Models/gemoc-gen/e e 7
PY M Y ModelHammerProduction.abstractsynta v 4 Smm Model smmModel — o
K3 to code the executions rules of the xDSL. £ VodahammerPoductonWingssan < Gbsrvation#or Gobal K

* KPIs implemented using Java Project

e https://gitlab.univ-nantes.fr/rodic/simpleplsdsl

v [Z¥Model_Hammer
>
>
>
>
>

(Y ModelHammerProductionWith2GenHan:
> [)ModelHammerProductionWith2GenHan:
[} > > representations.aird

>
>
>

<4 Observation Scope Global KPI
4 Observed Measure
4 Observed Measure
4 Observed Measure
< Observed Measure

# Direct Measurement Throughput

v <4 Observation #For Local KPI

>
>
>
>

Base Measurement1 Fron (=
Base Measurement2 Fron
Base Measurement From
Break Value

Description

Equivalent From
Equivalent To

< Observation Scope Local KPI Error
4 Observed Measure Measurand Production Line
< Observed Measure Name Throughput

4 Observed Measure
4 Observed Measure

Ranking From
Recursive From

Recursive To
Refinement From
Refinement To
Requested Observations
Rescale To

Short Description

Value

> < Measure Library smmModel
> & platform:/resource/pls_Models/Model_Hamn

=0.3293556085918

Selected Object: Direct Measurement Throughput
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o1 Future work roadmap
SMS 04

SMS xDSL : case 02 03 Performance
study KPIs XDSL Language
KPIs definition on annotation Performance
@ language-level and Facilities for annotating facil.ities for any
Computation any given xDSL with given xDSL

performance concepts

05

Performance

ramework
grated framework
or performance

avaluation for xDSLs



Defining KPls for executable
DSLs: a manufacturing system

case study

Thank you for your attention




Question : reusable KPl implementations across different xDSLs ?

Problem: Redundancy in KPI definition ® One-time KPI definition ©
Create Impl : Create
specific mplemen ifi
(r\g_u? KPls — I:E;CJIaIgCe
\/‘ b v S v
N

Evaluate Implement A & —
simulations 7~ KPls 7~
\_/ v Evaluate Model
simulations systems
oo N~ v : v
> 4

‘/
Simulate Model Simulate
models \ — systems models

N N
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