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Introduction 

• The analysis phase is a difficult assignment in the overall 
information systems development cycle 
- output quality heavily depends on skills, experience and domain knowledge of 

the analyst 
 

• Analysis patterns / reference models were proposed in the past with 
the aim of guiding analysts during their modeling efforts and improve 
the quality of their work 
- evaluation remains a challenging issue 

 

• Evolvability or flexibility seems to be one valid evaluation criterion 
- cf. the agile organization 
- Normalized Systems theory (NS) offers a solid theoretical framework on 

evolvable modularity 
 

• Question: can we use NS theory to evaluate these reference models? 
- do these reference models implicitly incorporate the NS guidelines? 
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Reference Models, Analysis Patterns and their 
evaluation (1) 

 
• “Culture of patterns” (Coplien, 2004) 

- generally occurring problems 
- standard or best-practice solutions 
- incorporating domain knowledge and expertise 
- exhibiting high-quality, robustness 
- increasing development pace / modeling process 

• Examples 
- Hay (1995), Fowler (1996), Scheer (1998), Silverston 

(2001) 

• Distinction: 
- reference models as a specific kind of analysis patterns 

having a low abstraction and high degree of granularity 
(Kodaganallur and Shim, 2006) 
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Reference Models, Analysis Patterns and their 
evaluation (2) 

 

• Before adopting a specific reference model, it 
might be useful for an organization to evaluate: 
- whether the framework exhibits a sufficient quality 

and 
- incorporates (other) required features 

• Examples 
- Fettke and Loos (2007) 

• e.g., feature-based, ontology-based and psychology-based 

- Frank (2007) 
• economic perspective, deployment perspective, engineering 

perspective and epistemological perspective 

• Evolvability? 
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Normalized Systems: 
theoretical background (1) 

• Need for agile organizations implies the need for 
evolvable modularity 
 

• Base = transformation of functional requirements 
𝑹 into a set of constructional (software) primitives 
𝑺: 

- 𝑆 = 𝕿 𝑅  

 

• Constraint = systems theoretic stability 
- bounded input → bounded output, even if time 𝑇 →  ∞ 

- if not: combinatorial effect(s) 

- operationalization of evolvability 
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Normalized Systems: 
theoretical background (2) 

• Stability implies adherence to 4 principles: 
- Separation of Concerns 
- Data Version Transparency 
- Action Version Transparency 
- Separation of States 

 
• Results in very fine-grained modular structures 

- attained in reality through systematic instantiation of a set of five 
elements (action, data, workflow, trigger and connector elements) 
 

• Recent efforts based on entropy reasoning confirm and extend 
NS theory 
 

• Next to software, many other systems can be regarded as 
modular structures as well! 
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Normalized Systems: 
application at the organizational level 

• Indications are present that organizations can 
be regarded as modular structures as well 
and hence NS theory is applicable 

- Van Nuffel (2011): business processes 

• business process as a constrained sequence of tasks on one 
life cycle information object 

• life cycle information object is a concrete and identifiable 
entity of information with a clear business meaning and 
having a distinct life cycle (i.e., its business process) 

• combinatorial effects exist and can be avoided: 27 guidelines 

- Huysmans (2011): high-level design of organizations 
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Normalized Systems: 
evaluating reference models (1) 

• MIT Process Handbook 
- Malone et al. (1999), 

Malone et al. (2003), 
Pentland et al. (1999) 

- identified need for enabling 
more easy business process 
redesign & knowledge 
management of business 
processes 

- 5900 entries in 2002 
- identified issues 

• underspecification 
• lack of adherence to 

prescriptive design principles 
• top-down modeling 
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Normalized Systems: 
evaluating reference models (2) 

• REA 
- McCarthy (1982), 

Geerts & McCarthy 
(1997), Hruby (2006) 

- Resources, Events, 
Agents 

- direct translation to NS 
not possible 

- no avoidance of 
combinatorial effects, 
certain operational 
aspects not modeled 
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Analyzing excerpts from the SAP 
R/3 Reference Model: motivation 

• Motivation of selection: 

- One of the few (partly) publicly available enterprise 
models of ERP vendors 

• described in Curran et al. (1997), Keller & Teufel (1998) 

- Point of investigation in many other academic 
publications 

• e.g., Rosemann & van der Aalst (2007), Mendling et al. 
(2008), Ekanayake et al. (2011), Uba et al. (2011) 

- Exceptional example of how a published catalogue of 
best-practice (business process) artifacts can spur both 
academic research and prove practical relevance  
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Analyzing excerpts from the SAP 
R/3 Reference Model: notation 
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Analyzing excerpts from the SAP R/3 
Reference Model: example 
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Analyzing excerpts from the SAP R/3 
Reference Model: preceding observations 

• The analysis of the chosen framework is not a 
trivial extension of the earlier framework 
investigations 
- chance for so-called “underspecification” reduced due 

to its several real-life implementations 
- we could expect that hidden (tacit) knowledge of best-

practice design is incorporated in this framework due 
to many years of experience by the industry experts 

- earlier studies might suggest already some possible 
violations 

• e.g., Ekanayake et al. (2011) identified “nearly 14% of 
redundant content in the SAP R/3 reference model” (p. 21) 
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Analyzing excerpts from the SAP R/3 Reference 
Model: indications towards NS conformance (1) 

• Processes are formulated as information 
objects going through their respective lifecycles 
- e.g., for each individual payment for which an invoice 

is posted and deadline reached: an instance of the 
object and its process is instantiated 
 

• Some initial resemblance to finite state 
machines 
- events (SAP) vs. states (NS) 
- functions (SAP) vs. tasks (NS) 
- business processes as flows reacting on states by 

executing functions / tasks 
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Analyzing excerpts from the SAP R/3 Reference 
Model: indications towards NS conformance (2) 

• Tasks and actions are defined in a more specified way 
than the earlier studied frameworks in relation to NS 
- REA: mere focus on business partners and resource 

exchanges 
- MIT Process Handbook: “Obtain order” already the most 

detailed level >< 10 separate function in SAP R/3 reference 
model 
 

• Some guidelines as expressed by Van Nuffel (2011) 
seem to find their reflection in the framework, e.g.: 
- definition of a business process 
- value chain phase guideline 
- stakeholder types and access channels as cross-functional 

concerns 
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Analyzing excerpts from the SAP R/3 Reference 
Model: indications towards NS violations (1) 

• Concerning individual 
tasks/functions, 
several separate 
change drivers are 
sometimes 
combined into one 
function 
- not allowed by NS as 

this results in 
combinatorial effects 

- e.g., “analyze report 
online” function 
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Analyzing excerpts from the SAP R/3 Reference 
Model: indications towards NS violations (2) 

• Concerning business processes, several 
concerns are sometimes combined into a 
single business process 

- not allowed by NS as this results in combinatorial 
effects 

- e.g., processes “delivery processing” and “goods 
delivery processing” both containing “carry out 
credit control” function 
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Analyzing excerpts from the SAP R/3 Reference 
Model: indications towards NS violations (3) 

• As a consequence of the previous issue, some of the 
identified concerns might spread out and become 
replicated in multiple processes 
- e.g., “Automatic vendor payment” process having a sequence of 

12 functions and 27 events replicated in “Automatic customer 
payment” 

- illustration of redundant nature of functionality if a separate 
concern is not isolated in its dedicated business process 

- resulting in (1) combinatorial effects and (2) impact uncertainty 
- manifestation of the findings of Ekanayake et al. (2011) & Uba et 

al. (2011) 
- main analysis point of the framework rather functional 

decomposition than constructional decomposition (i.e., the NS 
rationale) 
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Analyzing excerpts from the SAP R/3 
Reference Model: example 
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Conclusions (1) 

• We investigated the feasibility of applying 
NS theory implications to enterprise 
process reference models (through 
excerpts of the SAP R/3 Reference Model) 

- indications towards conformance 

• ~ business processes as finite state machines 

• partial reflection of guidelines by Van Nuffel (2011) 

- indications towards possible violations 

• both on task and process level 
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Conclusions (2) 

• Contributions 
- NS as possible guidance for evaluating reference frameworks in terms of 

evolvability 
- further validation of findings by Van Nuffel (2011) 

• notation independent 

- impetus for finding organziational constructional business processes as a 
next step in the NS research stream 

• Limitations 
- claims regarding concerns or change drivers depend on context, time and 

subjective interpretation 
- analysis only partial and tentative 
- used reference model had the original purpose of documenting the usage 

of ERP modules 
• no information available on the mapping towards the actual software design! 

- other perspectives than evolvability might suggest other 
recommendations 
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