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Motivational Example

[...]

QCaaS
(Qiskit Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

[...]

QCaaS
(PyQuil Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

Model Transformation
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Motivational Example

[...]

QCaaS
(Qiskit Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

Model Transformation

[...]

QCaaS
(PyQuil Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

DADA

from qiskit import QuantumCircuit, 
     QuantumRegister, 
ClassicalRegister
from qiskit import execute

q = QuantumRegister(3, ‘q’)
c = ClassicalRegister(3, ‘c’)
circ = QuantumCircuit(q, c)
circ.h(q)
...
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[...]

QCaaS
(PyQuil Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

DADA

from pyquil import Program, get_qc
from pyquil.gates import H, CNOT

p = Program()
p += H(0)
...

from qiskit import QuantumCircuit, 
     QuantumRegister, 
ClassicalRegister
from qiskit import execute

q = QuantumRegister(3, ‘q’)
c = ClassicalRegister(3, ‘c’)
circ = QuantumCircuit(q, c)
circ.h(q)
...

Translate
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[...]
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Web App
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[...]

QCaaS
(PyQuil Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn connectsTo

DADA

from pyquil import Program, get_qc
from pyquil.gates import H, CNOT

p = Program()
p += H(0)
...

from qiskit import QuantumCircuit, 
     QuantumRegister, 
ClassicalRegister
from qiskit import execute

q = QuantumRegister(3, ‘q’)
c = ClassicalRegister(3, ‘c’)
circ = QuantumCircuit(q, c)
circ.h(q)
...

Translate

How can existing approaches for translating 
individual artifacts be integrated into model 
transformation processes?
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3. APPLY TR

Translate & 
Replace Artifacts

Apply
Edge MappingsRemove Detector Add Replace-

ment Structure

2. SELECT 
ONE TR

1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

for each TR

A B

D C

C

B A

Input
.json

Output

Transformation 
Rules (TRs)

TRTR TRTR
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Metamodel

𝑚 = (𝑁!, 𝐸!, 𝑁𝑇!, 𝐸𝑇!, 𝑡𝑦𝑝𝑒!, 𝑠𝑢𝑝𝑒𝑟𝑡𝑦𝑝𝑒!)

𝑁!  nodes

𝐸!  edges

𝑁𝑇!  node types

𝐸𝑇!  edge types

𝑡𝑦𝑝𝑒!  map assigning types

𝑠𝑢𝑝𝑒𝑟𝑡𝑦𝑝𝑒! map assigning supertypes

Input
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Transformation Rules

𝑡𝑟 = (𝑑"#, 𝑟𝑠"#, 𝑇𝑀"#, 𝐸𝑀"#)

DETECTOR REPLACEMENT STRUCTUREMAPPINGS

Translation

SourceType: ["JSON", "YAML"]
TargetType: "XML"
Translator: <ref>
Properties: {"wrapper-name": 

"root"}

Edge

Edge
EdgeType        : *
EdgeDirection   : out
ExternalNodeType: *

EdgeType         : *
EdgeDirection    : in
ExternalNodeType : *

𝑡𝑚	 = (𝑠𝑎"!, 𝑡𝑎"!, 𝑆𝐴𝑇"!, 𝑡𝑎𝑡"!, 𝑟𝑒𝑓"!, 𝑃"!)
e𝑚	 = (𝑠𝑛$!, 𝑡𝑛$!, 𝐸𝑇$!, 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛$!, 𝐸𝑁𝑇$!)
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Transformation Rules – Example

.json
Input Output

.xml

DETECTOR MAPPINGS REPLACEMENT STRUCTURE

EdgeType         : *
EdgeDirection    : in
ExternalNodeType : *

Edge

SourceType: ["JSON", "YAML"]
TargetType: "XML"
Translator: <ref>
Properties: {"wrapper-name": 

"root"}

Translation

EdgeType        : *
EdgeDirection   : out
ExternalNodeType: *

Edge
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3. APPLY TR

Translate & 
Replace Artifacts

Apply
Edge MappingsRemove Detector Add Replace-

ment Structure

2. SELECT 
ONE TR

1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

for each TR

A B

D C

C

B A

Input

Transformation 
Rules (TRs)

TRTR TR.json TR

Output
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1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

for each TR

A B C

DETECTOR MAPPINGS REPLACEMENT 
STRUCTURE

Edge

Translation

Edge

Input

.json

Transformation Rule Validation – Detector
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1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

Artifact 
Translators

for each TR

A B C

JSON XMLYAML

t1

t2

t3

SourceType: ["JSON", "YAML"]
TargetType: "XML"
Translator: <ref>
Properties: {"wrapper-name": 

"root"}

Translation

Transformation Rule Validation – Translation Mappings
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1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

for each TR

A B C

Transformation Rule Validation – Edge Mappings

Input

DETECTOR MAPPINGS REPLACEMENT 
STRUCTURE

EdgeType         : *
EdgeDirection    : in
ExternalNodeType : *

Edge

Translation

EdgeType        : *
EdgeDirection   : out
ExternalNodeType: *

Edge
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2. SELECT 
ONE TR

1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

TR

TR TR
Artifact 

Translators

for each TR

A B C

3. APPLY TR

Remove Detector
D

Apply
Edge Mappings

C
Translate & 

Replace Artifacts

B
Add Replace-

ment Structure

A

Transformation 
Rules (TRs)

TRTR TR
Input

.json TR

Output
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Translation
Path

TR

3. APPLY TR

Remove Detector
D

Apply
Edge Mappings

C
Translate & 

Replace Artifacts

B
Add Replace-

ment Structure

A

Replacement
Structure

DETECTOR MAPPINGS REPLACEMENT 
STRUCTURE

Edge

Translation

Edge

Output

Transformation Rule Application
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Transformation Rule Application
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2. SELECT 
ONE TR

Output

1. VALIDATE TR

Validate Detector
Validate 

Translation
Mappings

Validate 
Edge Mappings

Translation
Path

TR

TR TR
Artifact 

Translators

for each TR

A B C

3. APPLY TR

Remove Detector
D

Apply
Edge Mappings

C
Translate & 

Replace Artifacts

B
Add Replace-

ment Structure

A

Replacement
Structure

Input

Transformation 
Rules (TRs)

TRTR TR.json TR
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Exemplary Use Cases
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Exemplary Deployment Model

[...]

QCaaS
(Qiskit Simulator)

port: 80

Web App
(Docker Container)

[...]

Docker Engine
(Docker Engine)

port: 8080

Grover App
(Quantum App)

hostedOn
connectsTo

grover.py
(Python (Qiskit))
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Deployment Model Transformation Rule Example

DETECTOR MAPPINGS REPLACEMENT STRUCTURE

SourceType: *
TargetType: Python (PyQuil) 

Translation

Edge

(Quantum App)

(Qiskit Simulator)

(Quantum App)

(PyQuil Simulator)

DA DA

EdgeType        : *
EdgeDirection   : any
ExternalNodeType: *
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Script Splitter Use Case

Vietz, Daniel; Barzen, Johanna; Leymann, Frank; Weder, Benjamin: Splitting Quantum-Classical Scripts for the Generation of 
Quantum Workflows. In: Proceedings of the 26th Conference on Enterprise Design, Operations, and Computing (EDOC 2022), 
Springer International Publishing, 2022

from qiskit import QuantumCircuit, 
     QuantumRegister, 
ClassicalRegister
from qiskit import execute

q = QuantumRegister(3, ‘q’)
c = ClassicalRegister(3, ‘c’)
circ = QuantumCircuit(q, c)
circ.h(q)
...
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BPM Transformation Rule Example

DETECTOR MAPPINGS REPLACEMENT STRUCTURE

Invoke 
Script

Invoke
Workflow

SourceType: Python (Qiskit)
TargetType: Workflow (BPMN) 
Translator: <scriptsplitter>
Properties: {threshold: 5}

Translation

Impl Impl
Edge

EdgeType        : *
EdgeDirection   : any
ExternalNodeType: *

INPUT
MODEL

Print
Result

Invoke
Script

shor.py
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BPM Input & Output Model

INPUT
MODEL

OUTPUT
MODEL

Print
Result Script 

Splitter
DETECTOR

Invoke
Script

Print
Result

Invoke
Workflow

shor.py

REPLACEMENT 
STRUCTURE

shor.bpmn
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Discussion
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Discussion

§ Approach works on different abstraction levels

§ Translators act as black boxes

§ Recursive model transformations

§ Hide confidential parts

§ Sequence of transformation rules is not commutative

§ Translators must exist
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Summary and Future Work

§ Integration of artifact translators into model transformation

§ Validate & apply transformation rules

§ Practical use cases

Future Work

§ Automatically migrate running instances of the transformed models

Thank you J


