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Marrying processes and data
s extremely challenging.. ..

... but Is a must
f we want to really understand
how complex dynamic systems operate.
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Two Questions

How to formally and conceptually
account for the process+data interplay”

How to verify such BPMs?

B.: modeling and verification go side-by-side
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Two Questions

How to formally and conceptually
account for the process+data interplay”

Business
Turing
Machines

BTMs
How to verify such BPMs"”

B.: modeling and verification go side-by-side
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Outline

Part 1
* Introduction and motivation: why processes + data

* A quick tour through the literature and integrated models

Part 2
* The framework of Data-Centric Dynamic Systems

e Verification results

Part 3
* Connection to concrete integrated models and systems

* Concluding remarks



INnformation Assets

e Data: the main information source about the
history of the domain of interest and the
relevant aspects of the current state of affairs

e Processes: how work Is orchestrated in the
domain of interest, so as to create value

* Resources: humans and devices responsible
for the execution of work units within a
Drocess




managers/
analysts

(knowledge)
workers

configure/
deploy



s this Synergy Reflected by BP
Methods and Models?

Survey by Forrester [Karel et al, 2009]: lack of interaction
between data and process experts.

 BPM professionals: data are subsidiary to processes

 Master data managers: data are the main driver for the
company's existence

e 83/100 companies: no interaction at all between these
fwO groups

* [his isolation propagates to models, languages and tools
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EXperience Dichotomy

Management Workers
lmodels] [reality]
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Management Dichotomy
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A Successful Organization

— ;\




Example: Order-To-Delivery
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2. order decomposition

Material PO

Line item

5D N1

S Customer PO
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Material PO

7 3. Selection and
iInteraction with suppliers

Line item

1. Customer PO
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2. order decomposition

Material PO

7 3. Selection and
iInteraction with suppliers

—

4. material assembdy



2. order decomposition

Material PO

7 3. Selection and
iInteraction with suppliers

Customer PO

Line item

1. Customer PO

5. Shlpment

4. material assembdy



Observations

A complex process, where the company acts as an
iIntermediate hub between customers and suppliers

 Happy path

1)
2) T
3) T

ne customer issues a purchase order
ne ordered material is obtained from suppliers
ne material is shipped, possibly using different packages

* One exceptional path (in general, there are many):
1) The customer cancels the order

2) A cancelation policy is applied to calculate a penalty
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Conventional Data Modeling

Focus: revelant entities, relations, static constraints

g g g g g S g g g g g g g g g g g g g g g g g g g g g g g g g g g g g
- -

Sales
UML class diagram Customer PO |€@p Line Item
SR AN
Material Material PO ——Q Work Order
Supplier :‘\Frocurement/Supplie(,/': Manufacturing

sssss
______________________________________________________________________________________________________________________

But... how do data evolve?
Where can we find the “state” of a purchase order?

21



Conventional Process Modeling

Focus: control-flow of activities in response to events

&rcustomerPO T
% c hhhhh 0
BPMN
collaborative
Process

But... how do activities update data”
What is the impact of canceling an order?
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A Deployed Process

Suche Ticket & Optionen Zahlung Prifen & Buchen Bestatigung

Hinfahrt  Zeuthen —> BERLIN
Di, 29.11.16, ab: 15:00 Haufige Fragen

> Wo finde ich Sparpreise?

Reisende 1 Erwachsener, 2. Klasse > Was bedeutet "Preisauskunft nicht

moglich"?

> Alle haufigen Fragen

Hinfahrt am 29.11.16 = Druckansicht
Bahnhof/Haltestelle Zeit v Dauer + Umst. + Produkte Flexpreis v
Preis fir alle Reisenden inkl. ErmaRigungskarten”
Zeuthen 15:00 045 ) o ab 3,30 EUR p.P.
Berlin Hbf (S-Bahn) 15:45 VBB-Tarif
Details einblenden Zur Preisauskunft
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Do you like Spaghetti”

Decompose
Customer PO

Manage
Material POs

Assemble

Manage
Cancelation

Activities Activities Activities Activities Activities

Data | Data

|
Process Process

Customers Customer POs Work Orders Material POs Suppliers&Catalogues

[T integration: difficult to manage, understand, maintain

24



loo Late!

e Where are the data”
e \WWhere shall we model relevant business rules?
* Consider an order cancelation policy that needs to check

which material has been already shipped towards
determining the customer penalty...

Process Data
Determine Sales
cancelation Notify penalty |

penalty . Business rules . | Customer PO ([@—— Line ltem :
\\\\\\\ / ‘\\ /,"I‘

For each work order W M/ — \ ) 0.1} SPawns
, For each material PO M in W S —
| i if M has been shipped | X . < |
| FIERES SR i add o to penalty i Material 5 Material PO ——‘ Work Order
\... Frocess Enginekf/ Supplier :‘\Procurement/SuppIiec/: Manufacturing

I ~ g ~ - < o
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27 N.B.: these are “sparse” dots!!!

.. I'here I1s Hope!

data-centric
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activity-centric
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[ BPM2010, Richardson]: BPM vs master data dichotomy

* Data+Process integration key to:
- assess value of processes and evaluate KPIs [Meyer et al, 2011]
- aggregate relevant info, elicit business rules [ABDIS11, Dumas]

*[Reichert, 2012]: “Process and data are just two sides of the
same coin”

data-centric -
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. . » ’
........

Before moving to
exotic models...

........



How do
contemporary

- activity-centric BPMSs

account for the

process-data interp\ay\?
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Case and Persistent Data

O Review Fill Reim- Review Reim _O
Request bursement bursement
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Case Data Engineering
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Decision Modeling
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A General Recipe

“REAL” PROCESS

* Explicit control-flow
e |ocal, case data

* Global, persistent data

* Queries/updates on the persistent data
e External inputs

* Internal generation of fresh IDs

36



Cooking with
Standard Process Languages

O Explicit control-flow
Local, case data

Global, persistent data

0 Queries/updates on the persistent data

0 External inputs

0 Internal generation of fresh IDs
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Business Process

A set of logically related tasks performed to achieve a defined
business outcome for a particular customer or market.

(Davenport, 1992)

A collection of activities that take one or more kinds of input and
create an output that is of value to the customer.

(Hammer & Champy, 1993)

A set of activities performed in coordination in an organizational
and technical environment. These activities jointly realize a
business goal.

(Weske, 2011)
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Business Process

A set of logically related tasks performed to achieve a defined
busines

ort, 1992)

A colle TaSk IogiC:
gad  tightly intertwined
with data updates!

nput and

py, 1993)

lzational
e a

A set of
and tec
business goal.

(Weske, 2011)
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[BPM10WS, Estanol et al]

[IBM J., First paper on BAUML |
Nigam and Caswell] Kick-off of the
Business Artifacts EU Project
[WSFM10, Hull et al.] ACSI

First paper on IBM GSM |}

First draft of

[OTMO8, Hull]
Survey on
business

artifacts

OMG CMMN

T

ata CGHTI’IC

o] 'S

[TMIS16, Sun et al]
Universal Artifacts

[BPMO9WS,
Kdnzle and Reichert]
First paper on
Philharmonic Flows

[BPI\/I16Forum [CAISE17,

De Giacomo et al]

Hewelt and Weske]
First paper on Chimera

7 8 9 0 1 2

OGO ODN
OO OoODN

1 2 2
9 0 0
9 0 O BPMN with data
8 3 4 ]



Business Entities/Artifacts

Data-centric paradigm for process modeling

e First: elicitation of relevant business entities that are
evolved within given organizational boundaries

* [hen: definition of the lifecycle of such entities, and
how tasks trigger the progression within the
ifecycle

e Active research area, with concrete languages
(e.qg., IBM GSM, OMG CMMN)

4
* Cf. EU project ACSI (completed) a/ 'l/
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Finite-State Machines
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Synchronization
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newQ

d raft ca nceIed accepted
reject
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44




GSM - CMMN
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Philnarmonic FIOWS
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— selected component ] '
hop — data structure

empty micro step
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St Backward Tranation - -,m_
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Chimera

Fragment F;: seminar setup

Topic

[selected] T Bopies
m_ | Tt

not enough

+Seminar Seminar Seminar | ¢opics Topic

Students [inital] [in planing] fin planing] [~ [proposed] Topic S s Seminar
' : . m__ ; [rejected] | samee
u specify evaluate start assign srade i K i L e p
initial  in planing topics started topics finished sf‘?s'fg‘ééli'é S-Z”rﬁfr'fay, ok ot )] seoc sormmar
Selected aSSi ned requirements proposals topic topics
8 B
Fragment F,: topic proposal
<<case class>> Seminar Enrollment
title : StrmgS ff " nameI SStrmg
organizer :StaffMember [1..2] 1 .15 |email :String
topcljcs :Topic [S"*] . 315 matrukTgl :String N
vt sy e B students seminar [(9PECTERG,
ECTS points {3, 6} seminar :Seminar (in planning] [filled out] [proposed]
2
| organizer ™ | topics <, | topic :
Fill out Propose
~N topic topic
) — | assignee form
A 4 Too
StaffMember 5--")I opic
Crr title :String . .
Eoall Sting supervisor :StaffMember (1..2] Fragment F5: student enrollment
osition 'Strgin 1.2 1 assignee :Enroliment [1..4)
P oring € — description :String
supervisor
N
Seminar +Enroliment Enrollment Enroliment Enrollment Enroliment
[started] [ranked] [assigned] [enrolled] [submitted] [graded]
= ~ i

47

Rank
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Enroll for
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Submit
paper

Receive
results



Cooking with Business Entities

ARTIFACT-/OBJECT-CENTRIC PROCESSES

Explicit control-flow

Local, case data

0 Global, persistent data

Q Queries/updates on the persistent data
External inputs

Internal generation of fresh IDs

48
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[PN15,

[PN16, Lasota] [ToPNoC17,_]

Survey on PNs DB-Nets
with data (CPNs + DBs)

Triebel and Surmeli]
Algebraic PNs

[CAISET10,

| [FAOC1e, _] |-
‘| Verification of | .
PNs with

[BPM2013,
De Leoni and van
der Aalst]

Sidorova et al.]
Conceptual nets

names

[ICATPNO?7,
Lazic et al.]
Data Nets

. 0 000
'O 'O

[TCS11, | eﬂtl’lC [AAAIT7, ]
Rosa-Velardo and de Frutos-Escrig] RAW-SYS
v-PNs (Workflow nets +

(nets managing names)

DBs)

0 O O =
©WOON
O=ON
- = ON
N=0ON
W=0ON

3 4 o5 6 7 8



Colored Petri Nets

1'(1,"COL")++
1'(2,"OUR")++
AllPackets 1°(3,"ED ")++ 1
1'(4,"PET")++
Packets L “n " Data
1 (6,"NET")
NOxDATA : DATA
1°(1,"COL")++ 1 (1,"COL")++
(n,d) 2 (2,"OUR")++ 3:(2,"OUR")++
1°(3,"ED ") if success 2" (3,"ED ")
then 17 (n,d)
else empty .e (n,d)
NOxDATA NOxDATA
if n=k
then data”~d
else data

Receive
Packet

if n=k
then k+1
else k if n=k
then k+1
else k
Receive Transmit C
Ack n if success Ack n ( )
NO then1l'n NO

else empty

No conceptual representation of persistent storage

51



Recipe?

COLORED PETRI NETS

Q Explicit control-flow
0 Local, case data

0 Global, persistent data

0 Queries/updates on the persistent data

implicit, or using
0 External inputs fresh variables

0 Internal generation of fresh IDs

52
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[ICDTO5, Vardi]
Model checking
for database
theoreticians

[PODS13, [1&C17, _]
Bojanczyk et al.] FO p-Calculus over

Verification via Generic Transition
amalgamation Systems

[ICDTO09, Vianu]
Verification of
artifact-centric
processes

[ECAI12, _]

Knowledge T

De Giacomo et al.] '

[PODS98,
Abiteboul et al.]

and action

bases Bounded SitCalc

Action Theories

Relational
Transducers

data: ‘centric

0
...0.° ... ...
......... 0.0 00 .- 9 20
... ° ) o o

[PODS13,

_] [PODS13,

_] [PODS16,

_]

E— Verification of Data-Centric Verification via [STTT16, ]
data-centric Dynamic under Case-centric
processes Systems approximation DCDS

0 O© O =
= O O
o1 O O
OO OoODN
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Formal Verification

L dag nosis/
adustment h / requirements

enactment/ X
re)design ?
monitoring data models L i) ] /

\,‘ verlicalion b
documentation T T
specifi fcato
configuration/
LE ' |
implemenlalion configuration

picture by Wil van der Aalst

s:gnt
i0 _periormarnce
‘an alys

an Imat on

Automated analysis
of a formal model of the system
against a property of interest,
considering all possible system behaviors
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Formal Verification

The Conventional, Propositional Case

Process control-flow O

(Un)desired property
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Formal Verification

The Conventional, Propositional Case

Process control-flow O

- 7
Finite-state é? (:D Propositional

transition
temporal formula

system $<:o<.;

(Un)desired property

S/



Formal Verification

The Conventional, Propositional Case

T O -

.. 9 |
Finite-state gqv) |: (I) Propositional

transition
temporal formula

system /@
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Formal Verification

The Data-Aware Case

Data-aware process

(Un)desired property
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Formal Verification

The Data-Aware Case

Data-aware process

First-order
temporal formula

Infinite-state, relational
transition system [Vardi 2005]

(Un)desired property



Formal Verification

The Data-Aware Case

Data-aware process

A First-order
temporal formula

Infinite-state, relational
transition system [Vardi 2005] ;

(Un)desired property



Why FO Temporal Logics

* To inspect data: FO queries

* Jo capture system dynamics: temporal
modalities

e To track the evolution of objects: FO
quantification across states

 Example: It Iis always
order is eventually e

and then delivered

e N.

3.t

and te

ne interplay be

mporal modaliti

Ween

62

the case that every
ther cancelled, or paid

-0 guantification

es Is quite subtle!
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Dimension 1
Static Information Model

How are data structured?
* Propositional symbols —> Finite state system

e Fixed number of values from an unbounded domain

* Full-fledged database:
e relational database

e tree-structured data, XML

e graph-structured data

64



Dimension 1
Static Information Model

Are constraints present? How are they interpreted?

Complete data

Data under incomplete information
* ontology (with intensional part typically fixed)

* full-fledged ontology-based data access system

Hard vs soft-constraints (inconsistency-tolerance)

65



Dimension 2
Dynamic Component

Implicit representation of time vs. implicit progression
mechanism vs. explicit process

When an explicit process is present:
 how is the process dynamics represented?

e procedural vs. declarative approaches (e.g., finite state
machines vs. rule-based)

Deterministic vs. non-deterministic behaviour
Linear time vs. branching time model

Finite vs. infinite traces
06



Dimension 3
Data-Process Interaction

How are data manipulated by the process?
* Data is only accessed, but not modified
 Data are updated, but no new values are inserted

* Full-fledged combination of the temporal and
structural dimensions

* Hybrid approaches (e.qg., read-only database + read-
write registers)

67



Dimension 4
INnteraction with the Environment

|s the system interacting with the external world?

* Closed systems vs. bounded input vs. unbounded
iINput

* Synchronous vs. asynchronous communication
* Message passing, possibly with queues

* One-way or two-way service calls

68



Dimension 4
INnteraction with the Environment

Which parts of the environment are fixed” Which
change?

e Stateless vs stateful environment

* Fixed database vs. varying database vs. varying
portion of data

* Multiple devices/agents interacting with each other

* Fixed vs changing topologies

69



Dimension 5
Formal Analysis

How are (un)desired properties formulated?

* Analysis of fundamental properties: reachability,
absence of deadlock, boundedness, (weak)
soundness

* Analysis of arbitrary formulae in some temporal
logic

* Analysis of properties with queries across the
temporal dimension (in the style of temporal DBSs)

70



Dimension 5
Formal Analysis

Which forms of analysis?

* Verification

* Dominance, simulation, equivalence
* Synthesis from a given specification

 Composition of available components

71



1) Go to the essential
2) Find boundaries of decidability
In a general setting
3) Understand the connection with
concrete languages
4) Implement
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