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Executable Domain-Specific Languages 
for Early Performance Evaluation

Executable DSLs (xDSLs) enable early performance 
evaluation by supporting:

• Modeling the system.

• Simulating the system behavior, thus providing data.

Real system

System model

Performance 
Evaluation

Abstraction

Simulation data

Early performance evaluation requires:

• Simulation data.

• Measuring Key Performance Indicators (KPIs).

Execution trace

Simulation
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Case Study:
Simple Manufacturing System (SMS) xDSL

Conforms to

Excerpt of the SMS 
xDSL metamodel

Example of an SMS xDSL Model: 
Hammer Production Line at runtime 
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Case study: SMS xDSL 
manufacturing KPIs

Key Performance Indicators (KPIs):
Set of metrics used to evaluate the 
system performance.

Measuring a domain-specific KPI requires:
1) Specifying the language.
2) Specifying the system.

Heads

Hammers

GenHead

Assembler

SMS xDSL concepts Hammer SMS 
Factory elements

… …
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Problematic & Research 
Questions
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Problem: KPI variability 
managment

KPIs are language and system specific, thus they vary across abstraction levels (i.e., 
language, system, data) & across domain specific languages.

➢ Managing the KPI variability is not an easy task.

Three KPI concerns are distinguished:

1. KPI definition

2. KPI configuration 

3. KPI computation
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KPI definition issues 
(1/2)

Defining a KPI for a particular language 
concept or system element :

• Leads to hard-coded, non-reusable 
implementation.

• Request strong software expertise.

KPI3 = number of products / duration 

KPI4 = number of tasks / duration 

Implementation:

Re-Implementation:

KPI5 = number of given concept / duration …

Language 
Level

KPI1 = number of heads / duration 

KPI2 = number of hammers / duration …

Implementation:

Re-Implementation: System
level

number of events or entities duration/A KPI  = 

Operand

Operator
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KPI definition issues 
(2/2)

Flexibility Requirement: Applying KPI to 
other concepts within the same xDSL 
or across xDSLs.

number of events or entities duration/A KPI  = 

Operand

Operator

KPI Task

endTime:EInt
state:TaskState

startTime:EInt

Product
id:EInt

name:EString

Given Concept

SMS xDSL

Given xDSL

User

appy to

appy to

appy to

defines

Language Level
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KPI configuration issues

Configurability Requirement: Configuring 
the KPI with the system elements.

number of products duration/A KPI  = 

Operand

Operator

Product
id:EInt

name:EString

SMS xDSL

User

apply to

configures

Language Level

KPI

System Level
Hammer SMS Factory

Head Handle Hammer

configure
with
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KPI computation issues

Computing the KPI requires 
implementing a software for data 
extraction:

• Cumbersome,

• Time-consuming and,

• Request strong software expertise.

number of heads duration/A KPI  = 

Operand

Operator

Product
id:EInt

name:EString

SMS xDSL

apply 
to

Language Level

KPI

System Level

Hammer SMS Factory

Head

configure
with

Execution 
trace

data 
extraction
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Research Questions ?

• RQ#1: It is feasible to create a performance evaluation language that can be applied to 
multiple xDSLs of different domains, without the need for xDSL extensions?

• Reconfigurable & Industrial Manufacturing Systems.

• Embedded & Cyber Physical Systems.

• Business Processes & Workflows.

• RQ#2: Does this language enable editing KPI formulas considering the domain 
concepts?

• RQ#3: Once a KPI has been defined, can it be configured for each system? 
• RQ#4: At which extend the KPI computation can be automated?
• RQ#5: Does this language cover all KPIs?
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Proposal: 
A Multi-Level Approach & 
Generic Performance 
Evaluation Language 
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Proposal(1/5): Multi-Level Approach & 
Generic Performance Evaluation Language

A multi-level approach for performance 
evaluation and a generic performance 
evaluation language (GPEL). Three roles are 
involved: 

• Language Engineer designs the given 
xDSL.

• Domain Expert edits KPI formula using 
the domain terminology through a 
mapping approach.

• End User configures defined KPIs using 
the system elements.

KPIs are computed through automatic 
generation/execution of TraceDQL queries to 
extract data. Slide 14 of 22



KPI Definition

Proposal(2/5): Example Product 
Throughput KPI for SMS xDSL

number of products duration/Throughput = 

Operand

Operator

Lang

Domain Expert

GPEL
Abstract
syntax

Concrete 
syntax

SMS 
xDSL

Conforms to

defines

Imports

defines

Language 
Engineer
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Proposal(3/5): Example Product 
Throughput KPI for SMS xDSL

number of heads duration/Throughput = 

Operand

Operator

End User

KPI Configuration

GPEL
Abstract
syntax

Concrete 
syntax

Conforms to

defines

Imports

defines Hammer SMS 
xDSL Factoy
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Proposal(4/5): Data Extraction using 
TraceDQL & KPIs

generates generates

results results
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The GPEL provides facilities 
to compute KPIs that follow 
one of the considered 
patterns.
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Proposal(5/5): KPI 
Patterns

KPI Pattern Definition KPI Examples

Rate 
Pattern

Event Rate Pattern Number of event 
during a period

• Failure Occurrence 
Frequency.

• Task Completion 
Frequency.

Entity 
Rate 

Pattern

Discrete 
Entity Rate 

Pattern

Number of 
discrete outputs 
during a period

• Throughput

Continuous 
Entity Rate 

Pattern

Number of 
Continuous 

outputs during a 
period

• Energy consumption
• Carbon emission

Interval Pattern Delay between 
two events

• Machine Utilization.
• Device Utilization.
• Latency.
• Lead Time.
• Average Lead Time.



Implementation

• Development environment: Gemoc Studio
• EMF to create the abstract syntax of the 

xDSL.
• K3 to code the executions rules of the xDSL.
• Xtext to create the concrete syntax of the 

xDSL.
• https://gitlab.univ-nantes.fr/rodic/evaluationKPI

xDSL/

• https://doi.org/10.5281/zenodo.17375250 
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Assessment
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Experimentation & 
Evaluation

1. GPEL is applicable to different languages across different 
domains.

2. GPEL enables reusable KPI definitions through 
configuration across various systems.

3. GPEL automatically generates TraceDQL queries to 
compute diverse KPIs from different patterns.
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Conclusion
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Conclusion & Future work 

Genericity of 
GPEL across 
domains

Genericity of 
GPEL across 
abstraction 
Levels

Automatic 
TraceDQL 
queries 
generation for 
KPI computation

Multi-Level 
Approach & 

GPEL
Each KPI uses  specific concepts for 
its formula edition.
However, if the concepts are missing 
in the given xDSL, the KPI cannot be 
computed.

Study how concepts can be 
incorporated into the given xDSL, 
without requiring strong 
programming skills.

Scalability aspect.

Future 
work
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A Multi-Level Approach to 
KPI Definition, Configuration 
and Computation for 
Executable Domain-Specific 
Languages

Thank you for your attention 
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Proposal(4/5): Data Extraction using 
TraceDQL & KPIs

generate
s

generate
s

results
results
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