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UNRELIABLE COMMUNICATION ENVIRONMENTS

Dynamically changing connectivity

• Intermittent

• Delayed

• Failing

• Non-Existing
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Internet of Things (IoT)

Cyber Physical Systems (CPS)
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AN ENVIRONMENTAL-FRIENDLY SLURRY APPLICATION IN BPMN

Start End
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01 MODELING UNRELIABLE COMMUNICATION ENVIRONMENTS IN BPMN



5 FRANK NORDEMANN

MODELING USING GATEWAYS / ERROR EVENTS

High modeling /

coding effort

No scenario dyna-

mics considered

Process may fail

Consideration of

additional criteria
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rBPMN MODELING ELEMENTS

02 RESILIENT BPMN
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rBPMN META MODEL (EXCERPT)
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RESILIENCE CALCULATIONS

Foundations for resilience calculation

• Connectivity statistics

• Connectivity estimations

𝑁𝑓 =
𝑀𝑠

𝐹𝑝𝑙

𝑇𝑤𝑐 =
𝑁𝑓 ∗ 𝐹ℎ +𝑀𝑠

𝐵𝑊𝑚𝑖𝑛

𝑅 ቊ
resilient ∀ 𝑅 ≥ 1

non−resilient ∀ 𝑅 < 1

𝑇𝑑 Allowed time delivery delay
𝑅 Resilience of message flow

𝑅 =
𝑇𝑑
𝑇𝑤𝑐

𝑁𝑓 Number of frames

𝑀𝑠 Message size
𝐹𝑝𝑙 Frame payload size

𝑇𝑤𝑐 Worst case time
𝐹ℎ Frame header size
𝐵𝑊𝑚𝑖𝑛 Minimum bandwidth
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RESILIENCE ANALYSIS PROCEDURE

Graph translation rules

Translate
graph

Simplify
graph

Analyze
graph
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PROCESS-TO-GRAPH TRANSLATION

02 RESILIENT BPMN
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RESILIENCE VERIFICATION
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RESILIENCE OPTIMIZATION

Resilience graph
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PROCESS MODEL GENERALIZATION
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PROCESS IMPLEMENTATION
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PERFORMANCE EVALUATION (1)

Line chart of computation times Close-up of V-Layers 1-4
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PERFORMANCE EVALUATION (2)

Computation times at 7 V-Layers Computation times at 4 V-Layers
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PERFORMANCE EVALUATION (3)

CDF at 7 V-Layers CDF at 4 V-Layers
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CONCLUSION

rBPMN: a resilient BPMN extension

Problem statement

• Limited suitability of BPMN for unreliable 

communication environments.

• Consequences are interrupted and failing process 

executions.

rBPMN integrates modeling elements for 

• alternatives for failing message flows,

• moving functionality across participants, and

• dynamically choosing the best-suited alternative.

Resilience analysis

• Identify and optimize non-resilient process segments 

before runtime.

• Dynamically adapt process operation at runtime.

Performance analysis

• Solid performance of graph-based decision-making 

for most scenarios.

• Possibilities for speeding-up graph path calculations.

04 CONCLUSION
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