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Standard business software

SADd

Documents the procedures of a company
Example: Order-to-cash process
m 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)

SAP



Components are stateful

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:
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SAP (Graphical language: Business process model and notation, BPMN) [OMG, 2009]
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Usage supported by
business process management (BPM) tools SADd

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 i
Iti-Be |gf |a& |d8E Q- |+ |0 |5 | -0
exposed by SAP or 31 [0 ] luaelnds)snaam dom

o =

party software components & "= s e
Execution and monitoring = y
= 1st Challenge: Is the _
grounding feasible?
5|E
Purpose of BPM
Unite business and IT roles : :
=» 2nd Challenge: |
How to combine their
differently abstract views 5 =
of a process? ; P ot |
| pr
| [ERETE

SAP RESEARCH
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Addressing the challenges by semantic
business process engineering SAD

Semantic business process engineering

Business process engineering

Formal
methods

Software engineering

SAP RESEARCH



Business process management
builds the basis SAR4

“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

. - . Spedific Send
Business expert (more business-oriented) T 3
. § Contract Contract
Business analyst o é R.S:Q:.’on ; : 5

Process architect (more IT-oriented) T Q9

IT

=» Mapping process on existing IT components
=» Business and IT-related roles
= Process-centric (one layer of abstraction)

I
Request
Store Result ® contract O”@W@O
of Interview
creation 1 J

HR component Communication component

SAP
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Software engineering
adds interconnected models SADd

“‘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]:

lterative, e.qg.:
m Spiral model [Boehm, 1988]
m Extreme programming [Beck, 1999]
m Scrum method [Deemer et al., 2010]
Commonalities
m Principle steps are the same
m Artifacts created refer to artifacts from previous steps

,—

HR component Communication component

=>» Structured development approach
= From higher-level to lower-level artifacts (requirements = architecture = code)

SAP
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Refinement of business processes

A

of Interview

¢

contract
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HR component
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SAP
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Formal methods
ensure validation of consistency SAR4

“Formal methods are a particular kind of mathematically-based techniques for
the specification, development and verification of software and hardware systems”

Classes of techniques

. . Ab
LOQIC calculi #ractrocess licant J5{ Hire Applicant ]—)O
Formal languages
Automata theory g Sueeile ™ sem )
. Z hiring process ~ Acceptance
Program semantics “ \ L_’_J Send <_|>
' i Contract I
Type systems Send ] é
Algebraic data types ! . ;
1
Exam pIeS Send document ]1
; Request
Model checking | O et b & convact HO|O-&-Tammzeman——O)
Petri nets | \creaton t |
OWL-DL HR component Communication component

=» Rigorous consistency between artifacts

SAP
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How challenges are addressed

SAP
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Business

IT

= 2nd Challenge “Refinement validation”:
How to combine the differently abstract views of a process?

Abstract A
hiring process

Specific
hiring process

Send

| Acceptance J
; Send <|_>
Contract |

@}

Store Result
of Interview

Request
contract
creation

HR compone‘Qt C(!mmunication component

\ /
= 1st Challenge “Grounding validation”:
Is the grounding feasible?

SADd



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.
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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 ES,,, (sequential) execution expressed by [a,, ..., a,]
Examples:
= ES,; ={[a,b],[b,a]}
= ES;, = {[a,b]}
= ES; = {[a].[b]}

pl |—> a j p2 p3 |—> a j

O®_ 90 OO O _&O

SAP
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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

Specific
hiring process Send
| Acceptance
<|_> Prepare Send <_|>
r Contract Contract

Interview ® Send :

Applicant Rejection !
o o’ Ie) cp

Send document
Store Result Request lie—l
: ® contract O—>® Notify via e-mail ®,( )
of Interview T l

Business

IT

creation

HR component Communication component

SAP
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Preliminary for grounding correctness of
specific pairs of process and component SAD4

Maximal execution set semantics [Wyner and Lee, 2003]

A process p subsumes another process g under maximal execution set semantics
Iff ES, Is a subset of ES,

Question:
Which process subsumes another under maximal execution set semantics?

Recap of execution sets:
m ES;, ={[a,b],[b,a]}
m ES,, = {[a,b]}
= ESy; = {[al.[b]}

pl |—> a j p2 p3 l—) a j

O®_ 90 OO O _&O

SAP RESEARCH
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Preliminaries and grounding correctness for
specific pairs of process and component SAD4

Extend signature of grnd to executions
grnd([a,, &,, ..., a,]) = [0, O,, ..., O] iff for all a; grnd(a;) = o
Component

Projection of execution

2
Let ¢ be a component, then [0,, 0,, ...]/C v

A
: : ) S
= [ only o, contained in c ] | Q—>—)O
|
o . ! |
Projection of execution sets |
—_ . H |

ES/c ={e/c: e in ES} : 5 ; 3 :

Grounding correctness (of a process and a
” Process

specific component)

A process p correctly grounds on component ¢

Specific Sond
. . en
iff grnd(ES,)/c is a subset of ES... hiring process { Acceptance l—J
Prepare @@
Contract Contract
&-»@—% } O
Applicant Rejectlon J

T¢-"m

/

(N

D

Request
Store Result contract O-><>>->| Notify via e-mail |—>®’O
of Interview { |

creation

SAP i HR component
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Refinement syntax and completeness

Refinement function
orig:A > A

Refinement completeness
Two processes: abs and spec,

m each activity of spec refines some activity of abs and

m each activity of abs is refined

by at least one activity of spec

=>» Purely syntactic check (no semantics involved)

Abstract hiring process

O—)[ Select Applicant J{ Hire Applicant ]—)O
Pl N - vp\

(RN
- \

< ~
~ PR \

InterV|eW
Appllcant

\

’\ Send

\ Acceptance

I Send |<_*>
Contract é

-
-

Send

<_*> Prepare
r Contract
| Rejection |

Specific hiring process

SAP
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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

Abstract hiring process

O—{ Select Applicant B{ Hire Appllcant ]—)O

// \ ~
-
e ~ -
- \ ~ - \

rd \
e

- ~
o

- f Send
L

2” AcceptanceJ
<|_>| Prepare I i Send |<‘|>
r Contract Contract
Interwew Send
Appllcant l Rejection l

Specific hiring process

SAP
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Preliminary: Decomposable process

Let p be a process, then the decomposable process, denoted by pP, 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:

_‘1'2

¥
1 A 2 1 >
Abstract: 51-___\\ <.T>§)O <5®
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/
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SAP
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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(ES,) is a subset of ES,,

Example: Abstract hiring process

O—>[ Select Applicant J5{ Hire Applicant ]—>O
wl\ — b

-7 VoS e P \
.7 \ ~ e \

\

~

Sgnd ] Y

P = | Acceptance | — !
I |_)<_|> Prepare | Send <_|>
i Contract : 'i Contract I
‘ Interview ® >| Send | é
Applicant | Rejection l

Specific hiring process

'

\
/\/
i PR
A)

-

I

A
\

Question: Which refinement errors exist between the processes?

SAP
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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

SAP RESEARCH THE BEST-RUN BUSINESSES RUN SAP



Instructions for survey

Structure
2 main surveys:
m Survey 1 with no support to modeller
m Survey 2 with all erors highlighted in the BPMN diagrams
Each survey consists of 2 sub-surveys with 3 questions each
Each question
m 3 processes in a refinement hierarchy

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

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

SAP


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

Example for survey question without support

Please choose all that apply:

] some refi errors exist the expert and analyst view.
] Some refinement errors exist between the analyst and developer view.
D No errors exist.

SAP RESEARCH



Example for survey question with support

Refinement Flaws:
(Analyst's View € Developer’s View):

O The ordering of thr abstract activities [Onboardin:
(HR), Onboarding (Departement)] does not
correspond to [Assign supervisor, First-Day

4 = Welcome] and [New Hires Training, Initialize

KeyCard] as requested by the specific execution .

Please choose all that apply:

[J some refinement errors exist between the expert and analyst view.

] some refinement errors exist between the analyst and developer view.
] No errors exist.

SAP RESEARCH
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Flaws:
(Expert's view € Analyst's view):

QThe: abstract activity [Prepare Defivery] sanne! be
reached from [Start Event] as requested by the
specific execution [S1art Event, Process Customer
RFQ].

D Tre fact that the sctivity Prepare Delvery cannol be neached girectly after e Stan Evant In the svperts view causes no refinement srears.
[ Tre fact that the actisty Process Customer RFQ can be exscuted clrecty afier fe Start Swert I e analyst's vew cavses 3 refinement erar
with resoect fo The developers visw.

L] T fact that the sctivky End Event zan be snsculed drecHy s%er e sctslty Reject inguiry Ib2ms n the deveioner's dew causss 3 refinsmant
Eror wi respect 0 the aralysss vew,

] e croering of the actfies Frapars 54 and Frocess Standard Ceder In e cevelopers visw causes 3 refnament sror wih respect o the
ansyst's vEw.

] maone of e above answers folds true.

Second refinement emor:

{Analyst's view € Developer's view):

O The abetract activity [Prepare Delvery|
canndct be reached from [Start Event] as
requestad by the spacific execution [Start
Ewvent. Process Customar RFQ].

SAP RESEARCH
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Part 3

Practical Experience

Hands-on

URL: http://www.maost-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. w
SAP



http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/
http://www.most-survey.tiricompas.de/
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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, C\ — correct answers with / without support
Wg, Wy — wrong answers with / without support
ts, ty — time taken for all questions with / without support

Measure: Quality improvement per person

Cs/(Cs+W, _ _ _
Q= ij//((ciJrW‘fv)) —1 average improvement over all persons: avg(Q) = 70%

Measure: Productivity improvement per person

_ Cs/ts
P= O Tin 1

average improvement over all persons: avg(P) = 378%

SAP
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Overview

Two steps for transformation:

Constructing the
grounding or refinement net

Grounding net

From a process or component
model to a Petri net

—> Transformed component net

~

> |
1

Component > QOriginal component net

Grounding function

> Qriginal process net > Transformed process net

Process

Refinement net

Decomposable —> OQOriginal abstract process net —> Transformed abs. component net
|

abstract process
L

Refinement function > |
Specific process —> Original specific process net —

—> Transformed spec. process net

SAP
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From a process or component model
to a Petri net SAR4

Transformation for every basic BPMN construct supported:

1 3 1 3 1 3 1 1
>H< >R < O<Z >0
2 4 2 4 2 4 2 2

oo O

Example:

1 A 2Com|oonent
X ;1.0 (2
T 5
(5 | >0 nenalOtele
| - >
3 ; 1 B _1‘4 p I
, T rocess | |
6 (o 8 _
O =1 -0 O @

SAP
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Constructing the grounding net

SADd

ldea:
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.

SAP
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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

Component:

Grounding:

Process:

SAP
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Constructing the refinement net

SADd

Slightly changed properties reflect additional loops in decomposable process

m 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.

m If the transformed abstract process already performs abs, the transformed abstract
process may also stay in that activity.

Different example (containing refinement):

Abstract

O>

SAP
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Exemplary refinement net

Main new feature:
Still-in transitions

Abstract:

Refinement:

If a deadlock would occur, the causing /
abstract & specific activities can be determined

SAP
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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

SAP
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Ontology can only be created for normal

processes

Block detection
(optional)

Normalization

Component as

—
Component block structure

Constructing the grounding

or refinement ontology

Normal component —

Grounding function

. Process as
Process >
block structure

Abstract process

—
Abstract process as block structure

> Grounding relation

Normal process —

—> Normal abstract process

Refinement function
Specific process

5
Specific process as block structure

SAP RESEARCH
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—> Normal specific process

\ 2

Grounding ontology

Refinement ontology




Normalization

A normal process contains no parallel gateways.

Freeze
Position
(a2)

Choose
Applicant
(al)

Create
Contract
Request
(b1)

Determine
Manager
(b2)

Two ways to normalize a process:

Via block detection Via direct gateway substitutions
Only structured blocks No nested loops in parallel flow
No nested non-simple blocks in parallel
blocks

=» Challenges: Loop handling and factorial complexity: O(n!)

SAP
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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

SAP
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Summary of all steps

SADd

Description of the Start C Vto. A A C Vfrom. (Start LI A)
abstract process: A C Vto.(AUB) B C Vfrom. (AL B)
B C Vto. (B LIEnd) End C Vfrom. B
Description of the Start C dto.all all C dfrom.Start
specific process: all C (Jto.a2l) 11 (dto.b12) a2l C dfrom.all
a2l C Jto.bll b12 C Hdfrom.all
bl2 C (dto.a22) 1 (dto.b23) bll = Hdfrom.a2l
Expressing the refinement relation Asserting uniqueness
all T A, a21 C A, disjoint (Start, A, B, End)
a22 CA,b11CEB,b12CB disjoint (all, a21,a22)

disjoint (b11,b12, b23,...)

Abstract: Q{ @) ){ () }Q Specific: () <

Inconsistent knowledge base

SAP
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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

SAP
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Functional comparison

SADd

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

SAP
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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(n?)

The reasoning: PSpace-complete (exponential), O(e")
= Overall complexity: PSpace-complete

OWL-DL approach
Creating the formal model: Factorial, O(n!)
The reasoning: PSpace-complete (exponential), O(e")
=» Overall complexity: Factorial
However, in practice, reasoning consumes more resources than normalization (see next slide)

SAP
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Practical performance of OWL-DL approach

and potential for improvement SAD4

Experiment with 1239 generated abstract and specific processes:

Total activities Transformation time Reasoning time
4 ms 2.8s
Average 23 (0.1%) (99.9%)
: 0.4s 3.4 min
Maximum 69 (0.2%) (99.8%)

= 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

SAP BRESEARCH

© SAP 2010 / Page 52



We analyzed 300 refinement scenarios

=» Concerning practical reasoning time, both approaches are close together

10

(7, ]
=
o 1
E
)
Q
a0 kM OWL-DL
o 0,1 )
> Ll Petri net
<

0,01

10 15 20 25 30 35 40

Number of tasks
SAP RESEARCH
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Suggestions for future work

Petri net approach
Creating the Petri net
m Optimization of irrelevant patterns in Petri net shortens time of analysis
Reasoning

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

OWL-DL approach
Normalization
m Concentrate on broader coverage of all kinds of nested flows
Reasoning
m Concentrate on more efficient reasoning
m For example, by approximation techniques as implemented in REL (Univ. Aberdeen)

SAP
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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.

SAP
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Vereinbarung mit SAP. Dieses Dokument enthélt nur vorgesehene Strategien, Entwicklungen und Funktionen des SAP®-Produkts und ist fur SAP nicht bindend, einen bestimmten
Geschaftsw?, eine Produktstrategie bzw. -entwicklung einzuschla%]_en. SAP ubernimmt keine Verantwortung fur Fehler oder Auslassungen in diesen Materialien. SAP garantiert nicht die
Richtigkeit oder Vollstandigkeit der Informationen, Texte, Grafiken, Links oder anderer in diesen Materialien enthaltenen Elemente. Diese Publikation wird ohne jegliche Gewahr, weder
ausdrucklich noch stillschweigend, bereitgestellt. Dies gilt u. a., aber nicht ausschlieRlich, hinsichtlich der Gewahrleistung der Marktgéngigkeit und der Eignung fur einen bestimmten Zweck
sowie fur die Gewahrleistung der Nichtverletzung geltenden Rechts.

SAP Ubernimmt keine Haftung fir Schaden jeglicher Art, einschlieBlich und ohne Einschrénkung fir direkte, spezielle, indirekte oder Folgeschaden im Zusammenhang mit der Verwendung
dieser Unterlagen. Diese Einschrankung gilt nicht bei Vorsatz oder grober Fahrlassigkeit.

Die gesetzliche Haftung bei Personenschéaden oder die Produkthaftung bleibt unberiihrt. Die Informationen, auf die Sie mdglicherweise Uber die in diesem Material enthaltenen Hotlinks
zugreifen, unterliegen tr)ncht dem Einfluss von SAP, und SAP unterstitzt nicht die Nutzung von Internetseiten Dritter durch Sie und gibt keinerlei Gewahrleistungen oder Zusagen uber
Internetseiten Dritter ab.

Alle Rechte vorbehalten.

SAP
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