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Structural significance 

 
 Number of starting points for iterations 

Task • Degree of a task to evaluate the generation of knowledge in the process and to 
initialize possible rework 

• Level of risk of a task to lead to rework in case of insufficient quality of the input and 
results of that task 

• Extent of knowledge necessary to process a task (that should be made available 
early in the process) 

• Level of risk associated to errors that are overlooked at a task 

Artifact • Level of involvement of an artifact to transport information that is at the heart of an 
iteration 

• Degree of informational value of a artifact to prepare the decision for rework 

• Level of risk of errors contained in an artifact to cause problems at a later stage 

Org. unit • Potential of an organizational unit to influence iterations before they take place 

Time • Extent of necessary planning to ensure robustness of a point in time against possible 
delays through rework 

• Extent of knowledge necessary at a point of time to assess the quality of the input 

• Extent of potential to install point in time as milestone 

Event • Extent of an event to serve as a decision point to control the flow of the process 

• Extent of necessity of quality control at an event 

• Extent of potential to install event as milestone 

Resource • Level of quality necessary for the results of a resource 
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10.5.46 Iterative oscillation 

Definition 

• Sum of length of all cycles that share at least one edge with a selected path 

 

Structural significance  

• Degree to which a path interacts with other nodes based on uncertainty within the 
process 

• Determination of pathways through  the network that are highly susceptable to 
changes long the way 

 

Representation 

• Pareto distribution of number of cycles per path 

 

Literature 

[LOCH et al. 2003] 
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Structural significance 

 
 Iterative oscillation 

Task • Extent of effort necessary outside the principal process flow to execute the process 

• Degree of linearity of the process 

Artifact • Degree of linear progress in the process 

• Extent of forecast reliability of a process to be represented as a simple Gantt chart 

• Extent to which a series of artifacts are dependent on supporting artifacts 

Org. unit • Level of risk of possible influences exercised on a communication path outside the 
intended or official communication path 

Time • Extent of forecast reliability of a process to be represented as a simple Gantt chart 

Event • Extent of forecast reliability of a process to be represented as a simple Gantt chart 

Resource • Extent of possible support to be accessed by main chain or resources 
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10.5.47 Bipartite density 

Definition 

• Percentage of existing implicit relations (within the same or via a different domain) in 
relation to the number of possible relations 

• Can be calculated across one or several level (i.e., across one or more nodes): an 
implicit path equals a shortest path to a reachable node that is not directly connected; 
the path length of that reachability serves as a parameter to the determination of 
implicit paths 

• Within a domain roughly similar to cluster coefficient (local)  

 

Structural significance  

• Comparison of alignment with other domains 

• Analysis of appropriateness of direct relations 

• Assessment of modeling accuracy (direct dependencies that should be modeled as 
indirect dependencies and vice versa) 

 

Representation 

• Metric for each domain related to another domain 

 

Literature 

[VANDERFEESTEN et al. 2007], [MAURER et al. 2006] 
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Structural significance 

Only applicable for a domain (left column) in relation to a reference domain (not specified). 

If a domain is assessed with a view to a second reference domain, each metric represents: 
• the degree to which a network of entities (e.g., tasks) depends on supporting entities 

(e.g., resources) in the domain of reference to be processed. 
• the degree to which a network of entities (e.g., tasks) is aligned with the needs 

imposed by the domain of reference (e.g., product attributes). 

   
 Bipartite density 

Task • Extent of implicit communication among task that are not explicitly in place in process 

• Extent of meetings and other means of synchronization necessary in the process 

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled) 

Artifact • Extent of implicit transitions among task that drive the process and advance the 
maturity of the artifacts in the process 

• Extent of synchronization necessary to achieve consistent documentation 

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled) 

Org. unit • Density of the social network via indirect relationships  

• Extent of  possible shortcuts to support quick distribution of information 

• Extent of meetings and other means of synchronization necessary in the process 

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled) 

Time • Extent of implicit transitions among points in time that drive the process  

• Degree of attention that has to be paid to other points in time when planning the 
schedule of the process  

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled) 

Event • Extent of implicit transitions among events that drive the process  

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled) 

Resource • Extent of possibly purposeful interfaces among resources that should be 
implemented to facilitate the process and to support consistency among the 
processed artifacts 

• Extent of correct modeling of the process (in terms of implicit relationships that 
possibly exist but were not modeled)  
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10.5.48 Number of organizational interfaces 

Definition 

• Number of edges within one domain that link two nodes which are not attributed  to 
the same node in a different domain (= reference domain) 

 

Structural significance  

• Analysis of the effort taken for a transition between two nodes because the node of 
reference is changed (e.g., different responsibility, different format, different media, 
different model) 

• Identification of those transitions that demand special interfaces 

• Comparable to attribution of two domains via a swimlane-model  

 

Representation 

• Metric for each domain related to another domain 

 

Literature  

[ANDERL & TRIPPNER 2000, p. 11], [BECKER et al. 2005, p. 123] 
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Structural significance 

 
 Number of organizational interfaces (with view to reference domain) 

Task • Extent of effort necessary at the interface between two tasks with view to the 
transfers necessary via a supporting domain of reference (e.g., how many resources 
are applied to support the interface)  

Artifact • Extent of effort necessary at the transition between two artifacts with view to the 
transfers necessary via a supporting domain of reference (e.g., through how many 
organizational units an artifact is transferred to make a transition to the next artifact)  

Org. unit • Extent of effort necessary at the interface between two organizational units with view 
to the transfers necessary via a supporting domain of reference (e.g., how many 
artifacts are necessary for one organizational unit to communicate with another 
organizational unit)  

Time • Extent of effort necessary at the transition between two points in time with view to the 
transfers necessary via a supporting domain of reference (e.g., how many resources 
support the process)  

Event • Extent of effort necessary at the transition between two events with view to the 
transfers necessary via a supporting domain of reference (e.g., through how many 
resources an event is transferred to the next event)  

Resource • Extent of effort necessary at the interface between two resources with view to the 
transfers necessary via a supporting domain of reference (e.g., how many documents 
are in between two resources)  
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10.5.49 Cognitive weight 

Definition 

• Based on the attribution of empirically founded characteristic values of typical 
constellations of edges and nodes 

• Summation of all cognitive weights 

 

Structural significance  

• Description of the human ability to grasp individual parts of the process as well as its 
global structure 

 

Representation 

• Metric per domain 

 

Literature 

[SHAO & WANG 2003], [MCQUAID 1997],  [WANG 2006] 
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10.5.50 Degree of non-planarity 

Definition 

• Minimum number of edges that have to be removed to obtain a planar graph  

• Computation is non-deterministic 

 

Structural significance  

• Possibility to measure the clarity and transparency of the process  

• Evaluation of the understandability of the process  

• Determination of the ascertainability of the network model 

• Description of the transparency of the process model 

 

Representation 

• Metric per domain 

 

Literature 

[KORTLER et al. 2009] 
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Structural significance 

 
 Cognitive weight / degree of non-planarity 

Task • Degree of comprehensibility of the arrangement of tasks to form the overall process 

• Level of chance to comprehend the role of a task in the context of the overall process 

• Level of the chance to identify a possibly erroneous task in the context of the overall 
process 

Artifact • Degree of comprehensibility of the arrangement of artifacts  

• Degree of clear arrangement of the landscape of artifacts 

•  Level of chance to comprehend the importance of an artifact for the overall process 

• Level of the chance to identify a possibly erroneous artifact in the context of the 
overall process 

Org. unit • Degree of comprehensibility of the social network 

• Level of chance to comprehend the importance of relevant organizational units for the 
overall process 

• Level of the chance to identify core personnel 

Time • Degree of comprehensibility of the interaction of points in time and their impact on 
planning 

• Level of the chance to locate a point in time with respect to all its dependencies 

• Level of risk of not integrating all dependencies into the planning of the schedule 
suitably 

Event • Degree of comprehensibility of the transition of events into each other 

• Level of risk of not integrating all transitions into the planning of the schedule 

Resource • Degree of comprehensibility of the cross-linking of resources among each other 

• Degree of clear arrangement of the landscape of resources 

• Level of the chance to identify a possibly useful resource and access it 
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10.5.51 McCabe Cyclomatic Number 

Definition 

• Difference of number of edges and number of nodes (excluding logical split 
connectors) plus two minus 

• Only applicable for processes with one initial node (i.e., root node of the process) 

• Only useful with Boolean operators to represent decision points 

• Adaptation for bipartite process graphs (e.g., EPC) necessary 

 

Structural significance  

• Number of possible paths in a control flow 

• Number of binary decisions in control flow 

 

Representation 

• Metric per domain 

 

Literature 

[MCCABE 1976], [CARDOSO 2006c] 
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10.5.52 Control-Flow Complexity 

Definition 

• Sum of all possible constellations of outgoing edges from logic operators (splits) 

 

Structural significance  

• Number of all possible decisions in a process  

• Impact of a single decision (similar to activity of a split) 

 

Representation 

• For individual nodes: Pareto-distribution of Control-flow Complexity for all nodes  

• For overall process: Metric per domain 

 

Literature 

[CARDOSO 2005a], [GRUHN & LAUE 2006a] 
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Structural significance 

 
 Cyclomatic number Control-flow complexity 

Task • Extent of moving targets in the 
process 

• Degree of flexibility built into the 
process 

• Degree of plurality of scenarios of 
process execution  

• Number of possible self-contained modules 
of tasks (pre-defined process flows through 
a part of the process)  that can be 
regrouped independently from decision 
points 

• Degree of adaptivity of the process 

Artifact • Extent of fluctuating artifacts 
within  the process 

• Degree of possible momentum of 
artifacts 

• Degree of flexibility of the process 
documentation 

• Degree of possible diversity of 
results of the process 

• Number of possible self-contained groups 
of artifacts that can be processed 
independently from decision points 

• Degree of adaptivity of the process 

Org. unit • (not applicable) • (not applicable) 

Time • Level of risk of different scenarios 
of a possible time to market 

• Number of possible paths through the 
process  

• Degree of adaptivity of the process 

Event • Extent of possible overall states 
the process can take up 

• Degree of insecurity processed  

• Degree of stability of a target-
oriented process flow 

• Degree of flexibility of the process to 
(possibly unexpected) events 

Resource • (not applicable) • (not applicable) 
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10.6 Computability of metrics  

Metrics Deterministic 
computation 

Heuristic 
computation Complexity of algorithm82 

Size and density  
Number of domains 1 O(n) 

Number of nodes 1 O(m) 

Number of edges 1 O(m), max. O(n²) 

Number of classes 1 O(n) 
Number of interfaces between 
domains 

1 O(m) , max. O(n1 · n2) 

Number of edges per node 1  O(m), max. O(n²) 

Relational density 1  O(m), max. O(n²) 

Number of unconnected nodes 1  O(m), max. O(n²) 
Adjacency 

Activity / Passivity 1   O(m), max. O(n²) 

Degree correlation (nodes) 1  O(m), max. O(n²) 

Degree correlation (edges) 1  O(m), max. O(n²) 

Degree distribution 1  O(m), max. O(n²) 

Fan criticality 1  O(m), max. O(n²) 
Synchronization points / 
distribution points 

1  O(m), max. O(n²) 

Number of independent sets 1  O(n + c · m), max. O(n + 2n · m) 
Attainability 

Number of reachable nodes 1  O(n · m), max. (n³) 

Reachability of a node 1  O(n · m), max. (n³) 
Closeness 

Proximity 1  O(n · m), max. (n³) 
Relative centrality (based on 
between-ness) 

1  O(n² · m), max. (n4) 

Connectivity 

Node connectivity 1  O(m) (breadth-first search) 

Edge connectivity 1  O(m) (breadth-first search) 
Paths 

Number of paths 1  O(m), max. O(n²) 

Path length 1  O(m), max. O(n²) 

Weight of an edge   O(m), max. O(n²) 
Centrality of path (based on 
centrality) 

1   O(n³ · m), max. (n5) 

Centrality of path (based on 
degree) 

1   O(n · m), max. O(n³) 

Degree of progressive 
oscillation 

1   O(n · m), max. O(n³) 
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Metrics Deterministic 

computation 
Heuristic 
computation Complexity of algorithm82 

Hierarchies 

Height of hierarchy 1  O(m) 

Width of hierarchy 1  O(m) 

Tree criticality 1  O(m) 

Snowball factor 1  O(n · m), max. O(n³) 

Forerun factor 1  O(n · m), max. O(n³) 

Tree-robustness 1  O(n² · m), max. O(n4) 

Maximum nesting depth 1  O(n) 
Clustering 

Number of cliques 1  O(2n) 

Cluster-coefficient (local) 1  O(m²) 

Cluster-coefficient (global) 1  O(m), max. O(n²) 

Module quality 1  1  O(m), max. O(n²) 

Module quality 2  1  O(m), max. O(n²) 
 Cycles 

Number of cycles 1  O(n + c · m), max. O(n + 2n · m) 

number of cycles per node  1  O(n + c · m), max. O(n + 2n · m) 

Number of cycles per edge 1  O(n + c · m), max. O(n + 2n · m) 

Number of feedbacks  1 O(n + c · m), max. O(n + 2n · m) 

Activation of cycle 1  O(n + c · m), max. O(n + 2n · m) 
Number of starting points for 
iterations 

1  O(n + c · m), max. O(n + 2n · m) 

Iterative oscillation 1  O(n + c · m), max. O(n + 2n · m) 
Several domains 

Bipartite density 1  O(m), max. O(n1 · n2) 
Number of organizational 
interfaces 

1  O(m), max. O(n1 · n2) 

  Cognition 

Cognitive weight 1  n.a. 

Degree of non-planarity  1 O(n! · n)  
Boolean Operators 

McCabe Cyclomatic Number 1  O(m), max. O(n²) 

Control-Flow Complexity 1  O(m), max. O(n²) 

                                                 
82 The complexity of the algorithm refers to the time complexity of computing the algorithm; 
n is the number of nodes, m the number of edges; if more than one domain is involved, the 
domains are indexed; c is the number of cycles in the domain; if a maximum complexity of 
the algorithm can be estimated, the estimation is given. For relevant algorithms, see [LÄUCHLI 
1991]. 
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10.7 Classification of metrics  
 

On the following four pages, the classification of structural metrics is listed as a table that 
spreads over four pages. For layout reasons, the table is split unevenly. 
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10.8 GQM-Framework for metrics 
 

ID Goal / Question Metrics 

G01 Planning 

Q01 To what extent is it possible to 
incorporate risks into the process 
planning? 

Metrics: M06, M07, M20, M21, M40   
For domains: Artifacts, tasks, points in time 

Q02 How can the focus be placed on 
important process steps? 

Metrics: M09, M12, M18, M19, M20, M30, M31, 
M41, M43, M44, M45  
For domain: Tasks 

Q03 What are bottlenecks in the 
schedule? 

Metrics: M10, M20, M21, M43   
For domains: Artifacts, tasks, points in time 

Q04 What parts of the process are 
substantially impacted by iterations? 
What level of uncertainty is handled 
by the process? 

Metrics: M35, M36, M37, M40, M41, M42, M43, 
M44, M45, M46   
For domains: Artifacts, tasks, points in time 

Q05 What is the stakeholder situation? Metrics: M01, M02, M03, M04, M05, M06, M07, M08  
For domains: Overall Network 

G02 Resource consumption 

Q06 Is the process laid out in a 
homogeneous manner? 

Metrics: M06, M07, M10, M11, M19, M25, M35, M36  
For domains: Artifacts, tasks 

Q07 Where is it possible to remove 
redundancies to reduce waste? 

Metrics: M05, M15, M18, M20, M21, M22, M47, M48  
For domains: Organizational units, resources, tasks 

Q08 Are the resources easily accessible? Metrics: M06, M08, M16, M17, M18, M19, M31, 
M32, M33  
For domain: Resources 

G03 Quality 

Q09 Does the process allow for the 
consistent transfer of information? 

Metric(s): M06, M08, M16, M17, M18, M19, M31, 
M32, M33, M47   
For domain: Artifacts 

Q10 Is the documentation in line with the 
process? 

Metric(s): M02, M03, M04, M05, M12, M47  
For domains: Artifacts, tasks 

Q11 What is the risk of error distribution 
across the process? 

Metric(s): M06, M14, M15, M16, M17, M18, M31, 
M32, M33, M47   
For domains: Artifacts, tasks 
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ID Goal / Question Metrics 

G04 Flexibility 

Q12 What buffers are available in the 
process to absorb delays and errors? 

Metrics: M14, M27, M31, M32  for domains: Artifacts, 
tasks, points in time 

Q13 How robust is the overall process 
against individual failures? 

Metrics: M06, M12, M20, M21, M36   
For domains: Overall Network 

G05 Organizational decomposition 

Q14 Is the organization of workgroups 
and teams adequate? 

Metrics: M05, M13, M35, M36, M37, M47, M48   
For domains: Organizational units, tasks 

Q15 How well is the organizational 
structure suited to provide efficient 
communication? 

Metrics: M06, M07, M08, M11, M12, M16, M17, 
M18, M19, M22, M23, M31, M32   
For domain: Organizational units 

Q16 What is the internal structure of an 
organizational unit? 

Metrics: M12, M14, M18, M19, M31, M32   
For domain: Organizational units 

G06 Interfaces 

Q17 Which entities of the process need to 
be synchronized? 

Metrics: M08, M10, M13, M14, M31, M32  
for domain: Organizational units, tasks 

Q18 How fast is communication in the 
process? 

Metrics: M16, M17, M18, M19, M31, M32   
For domain: Organizational units, tasks 

Q19 What are relevant communication 
channels?  

Metrics: M12, M22, M23, M24, M25, M26, M42, M43 
For domains: Artifacts, organizational units, tasks 

G07 Transparency 

Q20 Are the organizational units aware of 
their impact on the overall process? 

Metrics: M06, M16, M17, M50   
For domains: Organizational units, tasks 

Q21 How transparent is the overall 
process organization? 

Metrics: M01, M02, M04, M49, M50   
For domains: Overall Network 

G08 Decision making 

Q22 Which decision points have a high 
impact on the process? 

Metrics: M09, M43, M44, M51, M52  
For domains: Overall Network 
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10.9 Complete results of case study 7.2 

Table 10-3: Key outliers (upper bound) for aggregate view on tasks (via artifacts) 
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Max. value of scale per metric 17 32 131 120 3233 52.3 62.7 205,467 101,751 72 

Support dev. of body structure (AC 13)     806      

Simulate parts (AC 19)          67 

Coordinate setup of simulation model 
for mounted parts (AC 26) 17          

Release parts (AC 31)    120       

Release cockpit (AC 32)  32         

Release body structure (AC 34)    118       

Set up simulation model for passenger 
safety (AC 38)         41,111  

Set up sim. model for parts (AC 41)          67 

Set up sim. model for crash (AC 43)       62.7 145,754 101,751  

Set up simulation model for body-in-

white properties (AC 46) 
        68,668  

Set up simulation model for body 
structure properties (AC 49)          72 

Coordinate simulation of crash (AC 65) 16 30   3233 51.9 62.4 205,467   

Simulate crash (AC 66) 17     52.3   101,751  

Pre-dev. concept / package (AC 75)   128        

Simulate passenger safety (AC 90)         41,111  

Coord. sim. passenger safety (AC 91)     1190      

Coordinate body-in-white sim. (AC 92)        156,927   

Simulate body-in-white (AC 93)         68,668  

Develop body-in-white (AC 94) 17          

Develop vehicle strategy (AC 128)   131        

Develop strategy for variants and 
derivates (AC 129)   131        

Simulate body structure (AC 131)          72 

Coordinate development of body 
structure model (AC 135) 17     51.7     

Support modification of body structure 
model (AC 138)    119       

Develop inter. lining conc. (AC 154)  19     54    
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Table 10-4: Key outliers (upper bound) for aggregate view on artifacts (via tasks) 
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Max. value of scale per metric 21 21 96 84 976 44 43.3 331,386 176,546 51 

Sim. results aero-acoustics (AR 19)          51 

Sim. results aerodynamics (AR 20)     468      

Release approval cockpit (AR 35)    84       

Release approval seating (AR 36)    84       

Release approval int. lining (AR 39)    84       

Sim. model aero-acoustics (AR 45)          51 

Simulation model crash (AR 49)  13     32,7    

Simulation model for body-in-white 
properties (AR 52) 

        96,486  

Sim. model body structure (AR 55)          49 

Simulation results crash (AR 66) 21 14   976 44     

Data from crash tests (AR 67)         149,867  

Specifications for safety (AR 77)         176,546  

Sim. res. passenger safety (AR 86) 17     39,8     

Results from body-in-white properties 
simulation (AR 88) 

       331,386 149,867  

Vehicle concept (AR 89)        294,209 96,486  

Vehicle concept draft (AR 93)   86        

Specifications crash (AR 95) 15          

Package as CAD model (AR 99)   86        

Simulation results for components 
with deficits (AR 103) 

      33,5    

Strategic vehicle concept (incl. 
variants and derivates) (AR 115) 

  96        

Sim. results body structure (AR 117)          49 

Technology model (AR 123)  21   588,

3 

 43,3    

Technical specifications (AR 124)        295,849 176,546  

Model of interior lining (AR 130)   82 76       
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Table 10-5: Key outliers (upper bound) for aggregate view on organizational units (via tasks and artifacts) 

  Relative centrality Snowball-factor  Forerun-factor 

Max. value of scale per metric 26.6 11.5 12 

Design Department (OU 02) 12.9   

Body-in-white Design Department (OU 06) 13.3 10.5 12 

Interior Design Department (OU 07)  10.5 11.5 

Comp. Flow Analysis Department (OU 08)   11 

Safety Applications Department (OU 09) 26.6 11.5  

 

Table 10-6: Key outliers (upper bound) for aggregate view on IT systems (via tasks and artifacts) 

  Relative centrality Snowball-factor  Forerun-factor 

Max. value of scale per metric 58.7 21 24.5 

Ansa (RE 4) 57.1  24.5 

Catia (RE 6) 58.7 20.5  

Medina (RE 16)   23.5 

Nastran (RE 19)  20.5  

Pam Crash (RE 20)  21  

Text Editor (RE 27) 43.5  23.5 
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