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Business Process Management (BPM) 

Key Terms 
• BPM helps monitoring organizational activities 

to provide quality products and services, and to 

find ways to improve these activities, 

• which, together with Events and Decisions, 

form Business Processes, 

• which are described using Process Models that 

are used to: 

▫ design and analyze of information systems 

▫ communicate with stakeholders 
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Business Process Model and Notation 

(BPMN) 
• Object Management Group (OMG) standard 

• Business-IT alignment and collaboration between 

stakeholders 

• XML-based exchange file format (BPMN 2.0) 

4 



Business Process Quality and Maturity 

 

Quality in BPM 
Domain 

Total Quality 
Management 

(TQM) 

Business Process 
Re-engineering 

(BPR) 

Plan-Do-Check-
Act (PDCA) 

Method 

ISO 9001:2015 
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(5) BPMN models accessible over a 
repository or cloud-based solution 

(4) BPMN models with defined process 
monitoring activities 

(3) BPMN models at the descriptive level 

(2) Non-standardized process diagrams 

(1) Top-level Process Landscape 

(0) None 

Maturity vs. Process Modeling 



Business Process Model Quality 

 
High-quality Process 

Models 

Accepted by 
stakeholders 

Prevent problems of 
Business Process 

Implementation 

Deployment 

Execution 

Continuous 
Improvement 
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Process Model Quality Categories 

Syntactic  
(conformance to the notation) 

Semantic  
(conformance to a captured process) 

Pragmatic  
(understandability by users) 

Size 

Gateway Mismatch 

Connectivity Coefficient 

Control Flow Complexity 



Business Process Model Measures 

 • Total number of nodes: TNN = |N| 

• Number of invalid elements (t ϵ T – set of tasks,  

e ϵ E – set of events, g ϵ G – set of gateways,  

in – incoming flows, out – outgoing flows): 
 

NIE = Σt ϵ T (|tin| ≠ 1 ∨ |tout| ≠ 1) + Σe ϵ E (|ein| > 1 ∨ |eout| > 1) + 
+ Σg ϵ G ¬[(|gin| = 1 ∧ |gout| > 1) ∨ (|gin| > 1 ∧ |gout| = 1)] 

 

• Number of start events: NSE = |Es ⊆ E| 

• Number of end events: NEE = |Ee ⊆ E| 

• Number of mismatched gateways: 
 

NMG = |Σg ϵ G (|gin| = 1 ∧ |gout| > 1) – Σg ϵ G (|gin| > 1 ∧ |gout| = 1)| 
 

• Total number of gateways: TNG = |G| 

• Total number of inclusive (OR) gateways: TNI = |Gor ⊆ G| 
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Business Process Model Quality Criteria 
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if   TNN ≤ 31:   r1 = 1 
else:   r1 = 31 / TNN 

(R1) Use proper number of 
nodes 

(G1) Use as few 
nodes in the model 

as possible 

(G7) Decompose a 
model with more 

than 31 nodes 

r2 = 1 – (NIE / TNN) 
(R2) Avoid nodes with invalid 

degree 

(G2) Minimize the 
routing paths per 

node 

r3 = min{1 / (1 + (NSE – 1)2),  
1 / (1 + (NEE – 1)2)} 

(R3) Avoid multiple start/end 
events or missing ones 

(G3) Use one start 
and one end event 

if   TNG = 0:   r4 = 1 

else:   r4 = 1 – (NMG / TNG) 
(R4) Avoid gateways mismatch 

(G4) Model as 
structured as 

possible 

if   TNG = 0:   r5 = 1 

else:   r5 = 1 – (TNI / TNG) 

(R5) Avoid inclusive (OR) 
gateways 

(G5) Avoid OR 
routing nodes 



Generalized Quality Criterion for 

Business Process Model 
PMQ = Σi = 1..5 wi  ri 

Weights wi are derived from ranks of modeling 

guidelines: 

 

 

 

Crisp quality values are then translated into linguistic: 
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Variables w1 w2 w3 w4 w5 

Ranks 80.5 86.5 101 58.5 104 

Weights 0.21 0.19 0.16 0.28 0.16 

Quality level Thresholds Quality level Thresholds 

Very high 0.8 ≤ PMQ ≤ 1 High 0.64 ≤ PMQ ≤ 0.8 

Medium 0.37 ≤ PMQ ≤ 0.64 Low 0.2 ≤ PMQ ≤ 0.37 

Very low 0 ≤ PMQ ≤ 0.2 Indefinable |N| = 0 ∨ |T| = 0 



Data Model for BPMN Models  

Storage and Querying 
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Software Prototype Architecture 
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Software Usage Example 
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Aggregated data about 

analyzed process models 

Querying form and 

retrieved results 



Obtained Results 

 3390 BPMN models analyzed, among them: 

• 2606 models are of very high quality (PMQ ≥ 0.8) 

• 470 models are of high quality (PMQ ≥ 0.64) 

• 314 models are of medium quality (PMQ ≥ 0.37) 
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Detected Process Modeling Rules 

Violations 

 

14 



Conclusion and Future Work 

 
• The set of business process measures and quality criteria are 

introduced 

• Generalized quality criterion based on the WSM model is proposed, 
as well as the procedure of translation its values into linguistic ones 
using Harrington scale is described 

• The data model based on Zachman Framework dimensions used to 
store and simplify querying data about business process models is 
demonstrated 

• Results of quality evaluation of BPMN process models are outlined 
and discussed, most common process modeling errors are shown 

• Future work includes research in the field of BPMN ontology design, 
versions traceability, and advanced querying, as well as new results 
analysis and demonstration 
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