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Fundamental Modeling Concepts for Quantitative Analysis F M
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= Technique to model and evaluate quantitative behavior of systems

= Complexity Reduction through:

o Hierarchical Modeling
0 Multidimensional System view based on FMC

o Distinction of operational- and control states

= Hierarchical interpretable structure for performance prediction
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FMC-QE multidimensional system perspectives
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FMC-QE Calculus FOM
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FMC-QE Calculus based on:
- Little’s Law

N/[bb] = Albb] * RI[bb]
- Forced Traffic Flow Law

AP = v OPF A 1001

Experimental Parameters:
Nges 30
Agort 2,0000
f 0,8000
A 1,6000
Service Request Section Server Section Dynamic Evaluation Section
[bb] SRQi[bb] Piob-11,i Vi,ex‘[bb_ll Viint i Vi[bb] )\i[bb] Server; Xi,measured[bb] mi,ext[bb-l] mi,int[bb] mi[bb] Xi,mpxed[bb] Fi[bb] Pi[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] 0,8000f 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
Multiplexer Section
Multiplexer; m; X pt ] m,
App. Server 1 0,5000] 2,0000f 2,0000
Webserver ) 1,0000
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FMC-QE and (Self-)Adaptive Cloud-Based Systems FOM
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Servers cloud be represented as multiplexers

admission departure
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Case-Study — Example SAP-Workflow
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Case-Study — Example SAP-Workflow Fo M
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
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Experimental Parameters
N 80
Apor” 0,5556
f 0,9500
Al 0,5278
Service Request Section Server Section Dynamic Evaluation Section
[bb] i Squ[bb] pp(l)i vp(i)[bbrl] Vllnl[bb V|[bb] A‘[bD] Serveri[bb] mp(l)[bbrl] m; in([bD] ml[bD] Mpx‘ Xi[bb] mlmpx[bb] pl[bb] pi[bb] ni q[Db] Wl[bb] nIS[DD] Yi[Db] nl[bb] Rl[bb]
Get Employee Detall ] .
2 [o] Bt EMPloyee DEtalS 1y ool 1 oo 1,00(1,00] 0,528]  Details Retriever 1 1 1| 1| o750 1,000 1,333 0,306| o0,250| 0,491| 0,306| 0,750 0,655 1241
from SuccessFactors
4 || GetBuddyListiom ) ool 100 1,00|1,00| 0,528 €t Buddy List 1 1 1 | 2| os00[ 30,000 60,000 0,000| 0,000 0,000 0,000 0,017 0000 0,017
SFSF Handler
P Buddy Li
4 |3| Process Buddy List | 1,00] 1,00| 1,00]1,00] 0,528 'Ocezzn:lg‘rjy ist 1 1 1| 2| o800 30,000 37,500 0,014 0,000 0,000 0,014] 0,027] 0,014] 0,027
Get and Process Get and Process
3|4 Buddy List voof 100 1000200 0,528 g 1 1 1 37,500 0,000 0,001 0,023 0,043 0,023 0,044
. } Determine Equipment
3 | 5| Determine Equipment | 1,000  1,00| 1,00/1,00] 0,528 eerm"_r:aen dl‘l‘;'pmen 1 1 1| 2| oeso| 30000 31,579| 0,017] 0,000 0,001| 0,007] 0,032] 0017] 0,032
Get Buddy List and List and Equipment
2 [g| GEtEuCYEStand 1y gof 1 00| 1,00[1,00] 0,508 'St =AutPmen 1 1 1 31,579 0,001| 0,001 0,040] 0,075 0,040] 0,076
Equipment Handler
Ch Confi C. or C. Equipment
3 |7 ©hangeortomim -y oo g 20| 1,00{1,20] 0,633] <% =autPmen 1 1 1| 4| 2100 4000 1905 0333 0166 0,262| 0,333 0,525| 0,498 0787
Equipment Handler
A Equi
3 |8| Approve Equipment | 1,00| 1,20| 1,00{1,20] 0,633 ppm‘sﬁﬂ;‘;"mem 1 1 1| 3| 1500 1000 0,667 0,950 18,050|28,500| 0,950| 1,500| 19,000 30,000
) - Equipment
2 | 5|Equipment Negotiation| 1,00| 1,000 1,20|1,20] 0,633 au! 1 1 1 0,800 18,216 28,762| 1,283 2,025| 19,498| 30,787
Negotiation Handler
2 | 6| Accert workplacefor | ) o) 3 5ol 1.00|1,00| 0,508| AcCEPt Workplace 1 1 1| 4| vooo| 4000 4000 0132] 0020 0,038 0,132] 0,250 0,152 0,288
new hire Handler
Order Notebook f
1 || ©reerNotebookion 1y gol 100l 1,00]1,00] 0,528] Request Handler 1 1 1 0,667 18,496] 35,044 1,850 3,505| 20,345| 38,549
new Employe
T | 8] Request Generation | 1,00] _ 1,00] _£,00]%,00] 0,528 Client T 1 1 113,030 0,009 0,000]_0,000]'59,655] 113,080] 59,655 113,030
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Conclusion FOM
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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
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