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■ Technique to model and evaluate quantitative behavior of systems

■ Complexity Reduction through:

□ Hierarchical Modeling

□ Multidimensional System view based on FMC

□ Distinction of operational- and control states

■ Hierarchical interpretable structure for performance prediction

Fundamental Modeling Concepts for Quantitative Analysis
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Service Request Structures

FMC-QE multidimensional system perspectives
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FMC-QE Calculus based on:

• Little‘s Law

N[bb] = λ[bb] * R[bb]

• Forced Traffic Flow Law

λint
[bb] = vint

[bb]* λext
[bb-1] 

FMC-QE Calculus

nges 30

λbott 2,0000

f 0,8000

λ 1,6000

[bb] SRqi
[bb]

p[bb-1],i vi,ext
[bb-1]

vi,int 
[bb]

vi
[bb]

λi
[bb]

Serveri Xi,measured
[bb]

mi,ext
[bb-1]

mi,int
[bb]

mi
[bb]

Xi,mpxed
[bb]

μi
[bb]

ρi
[bb]

ni,q
[bb]

ni,s
[bb]

ni
[bb]

Ri
[bb]

2 Webservice 1 1 3 3 4,8000 Webserver 1,0000 1 1 1 1,0000 1,0000 0,0000 4,8000 4,8000 1,0000

2 Initialization 1 1 1 1 1,6000 App. Server 0,2000 1 1 1 0,5000 2,0000 0,8000 3,2000 0,8000 4,0000 2,5000

1 Request 1 1 1 1 1,6000 1 1 1 2,0000 3,2000 5,6000 8,8000 5,5000

1 Request Generation 1 1 1 1 1,6000 1 1 1 13,2500 0,0755 0,0000 21,2000 21,2000 13,2500

Multiplexerj mj Xj
[1]

µj
[1]

µj
[1]

*mj

App. Server 1 0,5000 2,0000 2,0000

Webserver ∞ 1,0000

Dynamic Evaluation Section

Multiplexer Section

Experimental Parameters:

Service Request Section Server Section



Stephan Kluth | ADAPTIVE 2020

Servers cloud be represented as multiplexers

FMC-QE and (Self-)Adaptive Cloud-Based Systems
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Case-Study – Example SAP-Workflow

Dynamic Behavior

From: T. Steckenborn, “A joint exploration of SAP Cloud Platform Workflow,” SAP, Tech. Rep., 2019.
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Case-Study – Example SAP-Workflow

Service Request Structures
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Case-Study – Example SAP-Workflow

Server Structures
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Case-Study – Example SAP-Workflow

Performance Predictions

[bb] i pp(i),i vp(i)
[bb-1] vi,int

[bb] vi
[bb] λ i

[bb] mp(i)
[bb-1] mi,int

[bb] mi
[bb] Mpx i Xi

[bb] mi,mpx
[bb] μi

[bb] ρi
[bb] ni,q

[bb] Wi
[bb] ni,s

[bb] Yi
[bb] ni

[bb] Ri
[bb]

2 1 1,00 1,00 1,00 1,00 0,528 1 1 1 1 0,750 1,000 1,333 0,396 0,259 0,491 0,396 0,750 0,655 1,241

4 2 1,00 1,00 1,00 1,00 0,528 1 1 1 2 0,500 30,000 60,000 0,009 0,000 0,000 0,009 0,017 0,009 0,017

4 3 1,00 1,00 1,00 1,00 0,528 1 1 1 2 0,800 30,000 37,500 0,014 0,000 0,000 0,014 0,027 0,014 0,027

3 4 1,00 1,00 1,00 1,00 0,528 1 1 1 37,500 0,000 0,001 0,023 0,043 0,023 0,044

3 5 1,00 1,00 1,00 1,00 0,528 1 1 1 2 0,950 30,000 31,579 0,017 0,000 0,001 0,017 0,032 0,017 0,032

2 6 1,00 1,00 1,00 1,00 0,528 1 1 1 31,579 0,001 0,001 0,040 0,075 0,040 0,076

3 7 1,00 1,20 1,00 1,20 0,633 1 1 1 4 2,100 4,000 1,905 0,333 0,166 0,262 0,333 0,525 0,498 0,787

3 8 1,00 1,20 1,00 1,20 0,633 1 1 1 3 1,500 1,000 0,667 0,950 18,050 28,500 0,950 1,500 19,000 30,000

2 5 1,00 1,00 1,20 1,20 0,633 1 1 1 0,800 18,216 28,762 1,283 2,025 19,498 30,787

2 6 1,00 1,00 1,00 1,00 0,528 1 1 1 4 1,000 4,000 4,000 0,132 0,020 0,038 0,132 0,250 0,152 0,288

1 7 1,00 1,00 1,00 1,00 0,528 1 1 1 0,667 18,496 35,044 1,850 3,505 20,345 38,549

1 8 1,00 1,00 1,00 1,00 0,528 1 1 1 113,030 0,009 0,000 0,000 59,655 113,030 59,655 113,030

j mj Xj
[1]

1 1 0,750

2 30 1,300

3 1 1,800

4 4 2,250
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• hierarchical modeling and hierarchical performance calculations could derive 

performance values (response times or queue lengths) for distributed cloud-based 

systems

• performance predictions could be used to adapt Service-Level-Agreements (SLAs) 

• predictions could be integrated into the algorithms of self-adaptive systems, while the 

hierarchical approach reduces the complexity dramatically

• performance predictions are integrated into a spreadsheet but are not limited to this

• In the future:

• Further integrate calculations of the FMC-QE Tableau to BPMN 

• More patterns for the hierarchical modeling to transform BPMN Diagrams

Conclusion
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Stephan Kluth:

Performance Predictions for Adaptive Cloud-Based Systems using FMC-QE
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and Applications (ADAPTIVE 2020 – Nice, France, October 2020)

available through ThinkMind digital library
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