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Semantic Business Process Engineering

Starting Point: Standard Business Software

Part 1



Standard business software

Documents the procedures of a company

 Example: Order-to-cash process

 Receiving orders, Managing production or procurement, Shipment to customer, Billing

“Standard” means „general-purpose‟

 Industry best practices can be implemented, but software must be customized to match 

specific business procedures of clients

No monolithic block, but modularized as components,

for example based on department boundaries:

 Enterprise resource planning (ERP)

 Supply chain management (SCM)

 Customer relationship management (CRM)

 Human resources (HR)
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Procedures of the company are the procedures of the departments

 Components are no black boxes, but stateful

 Possible future behavior depends on previous actions

Example:

(Graphical language: Business process model and notation, BPMN) [OMG, 2009]



Usage supported by

business process management (BPM) tools

Business process management tools, such as SAP NetWeaver BPM:

 Modelling a business process, graphical language:

business process model and notation (BPMN) [OMG, 2009]

 “Grounding”: Connecting business process to Web service endpoints

 Web service interfaces

exposed by SAP or 3rd

party software components

 Execution and monitoring

 1st Challenge: Is the

grounding feasible?

Purpose of BPM

 Unite business and IT roles

 2nd Challenge:

How to combine their

differently abstract views

of a process?
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Semantic Business Process Engineering

Terms and Related Research Areas

Part 1



Addressing the challenges by semantic 

business process engineering

Semantic business process engineering

Formal 
methods

Business process engineering

Software engineering
Business process 

management
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Business process management

builds the basis 

“A business process is a collection of related, structured activities that produce a 

specific service or product for a particular customer or customers.”

“A business process model is an explicit formulation of the behaviors of a business 

process.”

Phases:

Involved roles

 Business expert (more business-oriented)

 Business analyst

 Process architect (more IT-oriented)

 Mapping process on existing IT components

 Business and IT-related roles

 Process-centric (one layer of abstraction)
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Requirement 
specification

Design Construction Integration
Testing and 
debugging

Installation Maintenance

Software engineering

adds interconnected models

“Software engineering is a profession dedicated to designing, implementing, and 

modifying software so that it is of higher quality, more affordable, maintainable, and faster 

to build.”

Software development processes

 Strictly sequential, e.g., “waterfall” [Royce, 1987]:

 Iterative, e.g.:

 Spiral model [Boehm, 1988]

 Extreme programming [Beck, 1999]

 Scrum method [Deemer et al., 2010]

 Commonalities

 Principle steps are the same

 Artifacts created refer to artifacts from previous steps

 Structured development approach

 From higher-level to lower-level artifacts (requirements  architecture  code)
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Refinement of business processes
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Formal methods

ensure validation of consistency

“Formal methods are a particular kind of mathematically-based techniques for 

the specification, development and verification of software and hardware systems”

Classes of techniques

 Logic calculi

 Formal languages

 Automata theory

 Program semantics

 Type systems

 Algebraic data types

Examples

 Model checking

 Petri nets

 OWL-DL

 Rigorous consistency between artifacts
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How challenges are addressed
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 1st Challenge “Grounding validation”:

Is the grounding feasible?

 2nd Challenge “Refinement validation”:

How to combine the differently abstract views of a process?



Grounding and Refinement

Grounding

The challenges are cumbersome and error-prone when performed manually.

 That can be experienced by the audience in part 3.

Prerequisite: We now explain in part 2 how consistency is defined theoretically.

Part 2



Process and component

Syntax of process and component model

 Described using BPMN

 Graph-based

 Elements: Start and end events, activities (set A), parallel, exclusive, and implicit gateways

 For component models, activities are called operations (set O)

Semantics of process models given as (possibly infinite) execution set

 Process p, execution set denoted ESp, (sequential) execution expressed by [a1, …, an]

 Examples:

 ESp1 = {[a,b],[b,a]}

 ESp2 = {[a,b]}

 ESp3 = {[a],[b]}
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Grounding

Grounding function

 grnd: A  O

Grounding completeness

 A process is completely grounded iff every activity is grounded on some operation

 Purely syntactic check (no semantics involved)

Grounding correctness (of a process)

 A process is correctly grounded iff it grounds correctly on each component
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Preliminary for grounding correctness of 

specific pairs of process and component

Maximal execution set semantics [Wyner and Lee, 2003]

 A process p subsumes another process q under maximal execution set semantics

iff ESq is a subset of ESp

Question:

Which process subsumes another under maximal execution set semantics?

 Recap of execution sets:

 ESp1 = {[a,b],[b,a]}

 ESp2 = {[a,b]}

 ESp3 = {[a],[b]}
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Preliminaries and grounding correctness for 

specific pairs of process and component

Extend signature of grnd to executions

 grnd([a1, a2, …, an]) = [o1, o2, …, on] iff for all ai grnd(ai) = oi

Projection of execution

 Let c be a component, then [o1, o2, …]/c

= [ only oi contained in c ]

Projection of execution sets

 ES/c = {e/c: e in ES}

Grounding correctness (of a process and a

specific component)

 A process p correctly grounds on component c

iff grnd(ESp)/c is a subset of ESc.
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Grounding and Refinement

Refinement

Part 2



Refinement syntax and completeness

Refinement function

 orig: A  A

Refinement completeness

 Two processes: abs and spec,

 each activity of spec refines some activity of abs and

 each activity of abs is refined by at least one activity of spec

 Purely syntactic check (no semantics involved)
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Challenge for refinement correctness

An abstract activity can be refined by multiple specific activities.

In other words:

An abstract activity can be active while multiple specific activities are active
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Preliminary: Decomposable process

Let p be a process, then the decomposable process, denoted by pD, is constructed 

from p by constructing a loop around every activity of p (see figure)

 Decomposable process allows abstract activities to happen repeatedly for multiple refined 

activities; Example:
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Example for refinement correctness

Preliminary: Extend signature of orig to executions as for grnd

Refinement correctness

 Process spec correctly refines process abs iff orig(ESspec) is a subset of ESabsD

Example:

Question: Which refinement errors exist between the processes?
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Practical Experience

Introduction

The audience may experience the difficulties of refinement validation in a 

short, practical experiment

At the same time, we would like to store the performance data for our future 

evaluation

Performance of a previous experiment will be shared afterwards

Part 3



Instructions for survey

Structure

 2 main surveys:

 Survey 1 with no support to modeller

 Survey 2 with all erors highlighted in the BPMN diagrams

 Each survey consists of 2 sub-surveys with 3 questions each

 Each question

 3 processes in a refinement hierarchy

 Model real-life business processes from Curran et al. (1999):
“SAP R/3 Business Blueprint: Understanding Enterprise Supply Chain Management”

 Multiple-choice: 2-4 answer options, multiple or no correct options

 Some models have multiple errors

Infrastructure

 Use your own laptop to perform the survey  URL: http://www.most-survey.tiricompas.de

 Copy token to clipboard and paste it in every sub-survey

 For paper-based test only: Please note the start time of each group and very end time

Available time: 15 minutes

http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/


Example for survey question without support



Example for survey question with support
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One question contains 2 errors
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Practical Experience

Hands-on

URL: http://www.most-survey.tiricompas.de
 Copy token to clipboard and paste it in every sub-survey

 For paper-based test only: Please note the start time of each group and very end time

Available time: 15 minutes.

If you want to see your (anonymized) performance on our Web site,
 Take your token to your notes if you do the laptop-based test.

 Write some characters on your paper if you take the paper-based test.

Part 3

http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/


Practical Experience

Performance in Previous Experiment

Part 3



Result of previous survey:

Refinement validation is beneficial

Setup

 Paper-based multiple choice test

 13 experts from ontology & model-driven software development

 Longer version: 2 sets (S – support, N – no support) of 20 questions

 1.5 hours

Data gathered

 CS, CN – correct answers with / without support

 WS, WN – wrong answers with / without support

 tS, tN – time taken for all questions with / without support

Measure: Quality improvement per person

 Q = average improvement over all persons: avg(Q) = 70%

Measure: Productivity improvement per person

 P = average improvement over all persons: avg(P) = 378%
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Petri Net Solution

Overview & Grounding Validation

Part 4



Overview
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Two steps for transformation:
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From a process or component model

to a Petri net

Transformation for every basic BPMN construct supported:

Example:
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Constructing the grounding net

Idea:

 Compare execution sets by simulating synchronized execution of component and process

 Create Petri net that deadlocks if grounding is incorrect

 Desired properties of Petri net:

 Every step performed by the transformed component (process) model must correspond to 

BPMN‟s token flow semantics.

 The next step performed by the transformed component net must be the respective operation 

o if activity a grounds on o and the previous step performed by the transformed process net 

was a.

 No deadlock must exist in the transformed component (process) net.

 The transformed component net must never perform a step on its own.

 The transformed process net must be able to perform all allowed executions.

 Transformed component and process net must never have an active transition at the same 

time.
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Exemplary grounding net

Main features

 Notion of requests: request places and no-request place

 Final loop

 Substituted transitions in abstract part

© SAP 2010 / Page 36

7a b6

1 A 2

3 B 4

8

5 fin

fin

A!

B!

fin!

nr

loop!

+

Grounding:

Component:

Process:



Petri Net Solution

Constructing the refinement net

Part 4



Constructing the refinement net

Slightly changed properties reflect additional loops in decomposable process

 The next step performed by the transformed abstract process net must be the abstract 

activity abs if the specific activity spec refines abs and the previous step performed by the 

transformed specific process net was spec.

 If the transformed abstract process already performs abs, the transformed abstract 

process may also stay in that activity.

Different example (containing refinement):
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Exemplary refinement net

Main new feature:

 Still-in transitions
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Petri Net Solution

Evaluation

Part 4



Conclusion

Properties of deadlock detection in safe Petri nets

 Theoretical complexity is exponential (PSPACE-complete)

 State space explosion in presence of parallelism

Specific advantage

 Naturally handles structured, unstructured, and arbitrarily nested blocks

Specific challenge

 Detects only first error
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OWL-DL Solution

Explanation

Part 5



Ontology can only be created for normal 

processes
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Normalization

A normal process contains no parallel gateways.

Two ways to normalize a process:



 Challenges: Loop handling and factorial complexity: O(n!)
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Via block detection

 Only structured blocks

 No nested non-simple blocks in parallel 

blocks

Via direct gateway substitutions

 No nested loops in parallel flow



Constructing the ontology TBox

Guiding principles

 Operations (activities) are represented as concepts.

 Ordering and composition relations are represented as properties from and to.

 The component (abstract process) is represented by universal restriction.

 The (specific) process is represented by existential restriction.

 Uniqueness is represented by disjointness.

Four steps

1. Description of the abstract process

2. Description of the specific process

3. Expressing the refinement relation

4. Asserting uniqueness
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Summary of all steps

Description of the

abstract process:

Description of the

specific process:

Expressing the refinement relation





 . . .
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OWL-DL Solution

Evaluation

Part 5



Conclusion

Properties of normalization

 Factorial explosion of normal process in presence of parallelism

Properties of OWL-DL reasoning (see http://www.cs.man.ac.uk/˜ezolin/dl/)

 Complexity depends on complexity of logic fragment

 Particular fragment: ALC; theoretical complexity is exponential (PSPACE-complete)

Specific advantage

 Detects all errors immediately

Specific challenge

 No solution for normalizing parallel flow with nested loops

 Factorial complexity of transformation
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Comparison

Part 6



Functional comparison

OWL-DL was developed for static semantics

 Expensive transformation of parallel flow necessary

 Finding a suitable translation of grounding and refinement validation to OWL-DL reasoning is 

not straight-forward (multiple normalization approaches exist, each having pros & cons)

 Restriction of model complexity (with current approaches)

 However, all violations are found immediately

Petri net formalism was developed for dynamic semantics

 Native constructs for alternatives, parallelism, and loops

 Natural translation of grounding and refinement validation to Petri net analysis

 No restrictions of model complexity

 However, only first violation can be reported
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Performance comparison, theoretically

Both approaches need two rough steps:

 Creating the formal model: the Petri net vs. the OWL-DL TBox

 The reasoning: Deadlock detection in Petri nets vs. classification reasoning in OWL-DL

Petri net approach

 Creating the formal model: Quadratic, O(n2)

 The reasoning: PSpace-complete (exponential), O(en)

 Overall complexity: PSpace-complete

OWL-DL approach

 Creating the formal model: Factorial, O(n!)

 The reasoning: PSpace-complete (exponential), O(en)

 Overall complexity: Factorial

 However, in practice, reasoning consumes more resources than normalization (see next slide)
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Practical performance of OWL-DL approach

and potential for improvement

Experiment with 1239 generated abstract and specific processes:

 Although transformation has a worse computational complexity, reasoning takes a 

substantial portion (> 99%) of the overall time.

 Factorial theoretical complexity irrelevant in practice

 Reasoner effiency has largest potential for improvement
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Performance comparison, practically

We analyzed 300 refinement scenarios

 Concerning practical reasoning time, both approaches are close together
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Suggestions for future work

Petri net approach

 Creating the Petri net

 Optimization of irrelevant patterns in Petri net shortens time of analysis

 Reasoning

 Explore ways to report not only first error, for example, by fixing the error like in compiler 

construction

OWL-DL approach

 Normalization

 Concentrate on broader coverage of all kinds of nested flows

 Reasoning

 Concentrate on more efficient reasoning

 For example, by approximation techniques as implemented in REL (Univ. Aberdeen)
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Summary

Manual grounding and refinement validation are tedious and error-prone.

Automatic grounding and refinement validation…

 Benefit the business process engineer.

 Can be handled naturally by Petri net analysis.

 Can be mapped on OWL-DL reasoning.

Both mappings have advantages and limitations due to the complexity of the 

problem.

Further research may improve the particular challenges of either approach.

Both approaches can benefit from understanding challenges and limitations of the 

other.
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Thank you!

Additional information: jens.lemcke@sap.com
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