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Customizable predictions

CCCC says that, by YYYY, over XX billion connected things will be in use in DDDD
producing ZZ zetabytes of data every FFFF

« CCCC = [Gartner, Cisco, colleague, granma, Web, ...]
* YYYYin[2020, 2050]

« XXin[20, 100]

« DDDD in [Industry, Smart cities, Healthcare]

« ZZ (think about a huge number then double it)
 FFFF in [year, week, minute, second]
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Regardless of predictions

« |oT is now real, pervasive, and relevant
« Initially was only a matter of connectivity
* Now things need to be:

— Smarter

— More precise

— Context-aware

« These are all requirements of applications which use these data provided by smart
devices
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loT and applications
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From application to PAIS

* Provide data which drive 53
e . Compasscyroscopeg gg
decisions e N
ot mOACCelerometer
* Inform about the status iaw SA.;rempeeat'rveture
22 “:CAmbient "o
of the process ‘U
(Vo)

e Execute tasks
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PAIS and SOA

“In a Service Oriented Architecture (SOA) the information system is
seen as a set of connected services. A PAIS can be realized using
such an architecture and in fact it is very natural to see processes as
the “glue” connecting services. The fit between SOA and PAIS is
illustrated by emerging standards such as BPEL and BPMN”

van der Aalst W.M.P. (2009)

Process-Aware Information Systems: Lessons to Be Learned from Process Mining.
In: Jensen K., van der Aalst W.M.P. (eds) Transactions on Petri Nets and Other
Models of Concurrency Il.

Lecture Notes in Computer Science, vol 5460. Springer, Berlin, Heidelberg
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Sensors and SOA

Execution Service
Context description

C. M. MacKenzie et al., Reference Model for Service Oriented Architecture 1.0.,
OASIS Open, 2006

https://www.oasis-open.org/committees/download.php/19679/soa-rm-cs.pdf
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Inter-organizational scenario
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The manifesto

The Internet-of-Things Meets Business Process
Management: Mutual Benefits and Challenges

Christian Janiesch', Agnes Koschmider?, Massimo Mecella®*, Barbara Weber*, Andrea
Burattin®, Claudio Di Ciccio®, Avigdor Gal®, Udo Kannengiesser’, Felix Mannhardt®, Jan
Mendling®, Andreas Oberweis2, Manfred Reichert?, Stefanie Rinderle-Ma'%, WenZhan Song'",
Jianwen Su'?, Victoria Torres'3, Matthias Weidlich'#, Liang Zhang'®

Abstract

The Internet of Things (loT) refers to a network of connected devices collecting and exchanging data over the
Internet. These things can be artificial or natural, and interact as autonomous agents forming a complex system
of interactions. Business Process Management (BPM) was established to identify, discover, analyze, design,
implement, and monitor collaborative business processes within a single and across multiple organizations.
Whereas the loT and BPM have been so far regarded as separate topics in research and practice, we argue that
there are multiple links to be explored. In this paper, we pose the question to what extent these two paradigms
can be combined and we detail the challenges of the mutual combination. As a conclusion, this paper suggests
areas for future research.
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loT (Internet-of-Things) — BPM (Business Process Management) — Challenges — Manifesto
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BPM and loT: interaction

Predict and
Di
iscover > Adapt
A v
Pre-defined | Enactr
model nact Response

0

higher level knowledge “'

Event Processing+ Learning

A raw event data A
Sensing (physical Actuation (physical
objects, systems, objects, systems,

humans) humans)

Source: B. Weber, “BPM Meets loT: a Dream Team?”, 1° Int’| Workshop BPM Meets loT, BPM 2017
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BPM and loT: challenges

C 9 Specifying the
autonomy level of things

- Discover — Predict and Adapt B

C 8 Detecting new processes
from data
] C 10 Specifying the “social”

C 7 Breaking down end-to-
role of agents

end processes L
C 6 Managing the Iink_ ; g T ¢ C 11 Concretizing abstract
between micro processes | A -~ | process models

nEREREEE Pre-defined Model —®> Enact Response

C 5 Dealing with “+--.... | C12 Dealing with new
unstructured environments | .. | situations
C 4 Integrating loT into the | ) - C 13 Bridging the gap
correctness checkof |.. higher level knowledge .| beteeen event-based and
processes | - o process-based systems

. . Event Processing + Learning B
C 3 Connection of analytical | ... C 14 Improving online

processes with loT

| conformance checking
- T raw event data ¢ CC
C 2 Monitoring of manual | :
. . : C 16 Improving resource
activities | . Sensing Actuation monitozng ani quality of
- (physical objects, (physical objects, task execution
C1Placingsensorsina | .-~ | systems, humans) systems, humans) | S

process-aware way

.| cas Improving resource
utilization optimization

C. Janiesch et al, “The Internet-of-Things Meets Business Process Management: Mutual Benefits and Challenges, 2017
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Critical issues: from the BPM perspective

Data deluge
— Do | really need all the produced data?
Data movement
— Where should | store data?
Availability
— What if the device stops working?
Reliability
— Are the sensed data correct?
Visibility
— Data are sensed but not (immediately) visible
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Critical issues: from the smart device perspective

* Process segmentation
— Smart devices knows only a portion of the process
* Process obligation
— Modeling processes with imperative language force the smart device behavior

& > POLITECNICO MILANO 1863 ESOCC2017 14




Case Management

structured ad hoc process
process

structured process process flow can partly process flow cannot be
flow be structured structured — new tasks

- . - . on the fly
activites known in activites partly known in

advance advance activites partly known in
advance

many repetitive some repetitive

elements elements few repetitive elements

no degree of freedom some degree of very high degree of
for people wrt freedom for people wrt freedom for people wrt
process flow process flow process flow

cannot be

€———— can be modelled —m ———— &——
modelled

Source: K. Hinkelmann “Case Management Modeling and Decision-aware BP”, NEMO 2015
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BPM vs (A)CM

.+ BPM . (A)CM
— Focus on activities — Focuses on events and
— All possible paths are defined outcomes
— As an activity occurs the state of — Activities to reach completion
the process changes cannot be predetermined
completely

— At the start, when an event
occurs, a case file is opened

— Evens, content and context
determine activities

— The state depepnds on the
content of the case file

Source: K. Hinkelmann “Case Management Modeling and Decision-aware BP”, NEMO 2015
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BPM vs (A)CM

« BPM « (A)CM
— Deterministic — Non-deterministic
— Task-centric — Content-centric
— State-driven — User-driven
— Structured — Unstructured
« The function of BPM is to provide — Collaborative
transactional thread across multiple ¢ In ACM the case folder and the
systems of record case itself is a system of record
* Based on “standard procedures,  Based on “what needs to be done
practices, and policies” to resolve this case”

Source: K. Hinkelmann “Case Management Modeling and Decision-aware BP”, NEMO 2015
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Imperative vs Declarative process modeling

Imperative process models
explicitly specify all possible
sequences of activities
in a process.

forbidden
behavior

IMPERATIVE

S

deviations from
the prescribed
model

more flexibility: everything that

Declarative process models offer
is not specified is allowed.

Courtesy of M. Mecella and A. Marrella from Universita di Roma ”La Sapienza”
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From BPMN to CMMN

structured
process

€—— can be modelled

POLITECNICO MILANO 1863

ad hoc process

process flow cannot be
structured — new tasks
on the fly

few repetitive elements

very high degrees of
freedom for people

«—— Cannotbe ___5
modelled
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Why moving to a declarative approach

SmartPM
Artifact-centric * Adent2
Business Processes YAW# @1

@ Workflow BPMN | ? CBRFlow
I
I
|
I
I
|

Nets o T

Declare

Repr. Capabilities (Data vs. Control Flow)

Marrella, A., Mecella, M., Sardina, S.: Intelligent Process Adaptation in the SmartPM System. ACM TIST 8(2), (2017)
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BPM and loT: interaction

-~

Analyse,
Learn

Act,
optimize

QT
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Challenges re-classification

'Enable communication between loT platform
and PAIS
\(C1+C2+C11+C13) )
(Exploiting loT to monitor business processes A
(C3+C4+C14+C16)
& | How to model/improve a loT-driven process
W i | (C5+C6+C7+C10+C15)
loT-driven process adaptation (C9+C12)
\ y,
( )
loT-driven process mining (C8)
\ J
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Challenges re-classification
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Enabling the information logistics

D I TAS http://www.ditas-project.eu

Data-intensive applications
Improvement by moving daTA
and computation in mixed
cloud/fog environmentS

DITAS receives funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement RIA 687584

| A5 POLITECNICO 1 2
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ATOS (SPAIN) 1K4-IDEKO (SPAIN)

POLIMI (ITALY) TECHNISCHE UNIVERSITAET

BERLIN (GERMANY)

CloudSigma_

CLOUDSIGMA (SWITZERLAND) ICCS (GREECE)

BN oseroate
W SN RAFFRELE

IBM (ISRAEL) OSPEDALE SAN RAFFAELE (ITALY)
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Cloud Computing

 No need to explain ...

POLITECNICO MILANO 1863 ESOCC 2017 26




Edge Computing

“[...] technologies allowing the computation to be performed at the edge of the network,
on downstream data on behalf of cloud services and upstream data on behalf of loT
services”

Shi, W., Cao, J., Zhang, Q., Li, Y., Xu, L.: Edge computing: Vision and challenges.
IEEE Internet of Things Journal 3(5), 637—646 (Oct 2016)

POLITECNICO MILANO 1863 ESOCC2017 27



Fog Computing (from the telco)

“to provide compute, storage, and networking services between Cloud data centers and
devices at the edge of the network”

Bonomi, F., Milito, R., Zhu, J., Addepalli, S.:

Fog computing and its role in the internet of things.

In: Proceedings of the First Edition of the MCC Workshop
on Mobile Cloud Computing. pp. 13-16. MCC 12 (2012)

POLITECNICO MILANO 1863 ESOCC2017 28



Fog Computing (for us)

Edge resources

== )
)

Fog Computing

Openfog)

OpenFog Consortium Architecture Working Group: OpenFog Architecture
Overview (February 2016), http://www.openfogconsortium.org/ra

> POLITECNICO MILANO 1863 SSOCC20LAR S




DITAS architecture

DITAS Cloud Platform

Application designer tool

Data profiler Application profiler

Application deployer

Q Execution engine

c
2 o2
0 )
Cloud resources . _ 3 &
Data Computation Qe
movement enactor movement enactor " _g
<
E S
- @4 @)
—— Distributed monitoring

Edge resources

F. D’Andria et al, Data Movement in the Internet of Things domain, ESOCC WiP Track 2015.
P. Plebani et al, Information Logistics and Fog Computing: the DITAS approach, CAiSE Forum 2017
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Challenges re-classification

Act
Optimize

Analyse,
Learn

'Enable communication between loT platform
and PAIS
\(C1+C2+C11+C13)

[Exploiting loT to monitor business processes
(C3+C4+C14+C16)

How to model/improve a loT-driven process
(C5+C6+C7+C10+C15)

loT-driven process adaptation (C9+C12)
.

VAN

(

loT-driven process mining (C8)

\.
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Process monitoring

Act PR
. . On-board Sensor Sr fac
Optimize Sensors || data Dett;t:or

Process
L Monitoring T3]
« Domain: ]

Container SN9876

— multi-modal logistics fieri

* Monitoring:
— Each party monitor its portion b D D D
(distributed vs centralized) Ot e, o e g 2 O

— The artifact owner could not see D D » M R D
the entire process L A el

« Compliance checking:

— The model used to define the
process is the same used to
configure the monitoring system

TRASPORTI ITALIA 2020
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From sensors to smart devices

« Usually transportation units or vehicles (artifacts) are equipped with sensors
— Sensors are configured to send data that are managed by the PAIS ()
* Moving to smart devices:

— Artifacts can autonomously infer their own state and forward it to the monitoring
platform

« Challenge: How to configure the smart devices?
— Get inspired by artifact-centric modeling language
— Use an imperative language to model the process and a declarative to monitor

(*) A. BaumgraR, N. Herzberg, A. Meyer, M. Weske, BPMN extension for business process monitoring, EMISA 2014,

POLITECNICO MILANO 1863 ESOCC 2017 33




Extending GSM (E-GSM)

GSM (Guard Stage Milestone) E- GSM
T Stage ? > ProcessG :23; Stage ih It Logger
* Guard (G) determines the start of * Guard distinguished in Data Flow Guard
each task based on events and Process Flow Guard:
* Milestone (M) determines the end of * Data Flow Guard (DFG) task activation
each task based on events * Process Flow Guard (PFG) expected
* Events can be internal or external, process flow
involving conditions on sensor data, e Fault Logger (FL) annotation introduced:
explicit messages, etc. * When task constraints are violated

L. Baresi, G. Meroni, P. Plebani “Using the Guard-Stage-Milestone Notation for Monitoring BPMN-based Processes”,
Proceedings of BPMDS’2016 Working Conference, 2016.
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E-GSM Stage lifecycle

« E-GSM allows to monitor processes with respect to three orthogonal
dimensions:

* Execution state: T
«  unopened L
s

i

(S".DF

 oOpened __J/Ajwamme@mew~ -

 closed — ~ r Regula ™
« Execution status: - S (o),

« regular (S oRaersM)

« faulty C“d}dm{”e“}<wmwmwmwwm ot )~ (“owened

{

(

L

« Execution compliance: N

« ontime -
 outof order (o) (o) d

. skipped \Q s s

) K (5.DFG; or -5.M;) and S.PFGy
S.FL
Faulty I \ /

S.DFG; or -S.M—

Faulty
(S.DFG; or -5.M)) and S.PFGy

o
°
]
]
]
o

m
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Approach 1/3

From a multi-party business process
modeled with BPMN where artifacts
are exchanged

ShipmentDocs

To sets of tasks associated to artifacts

Producer

e 4 ............. . :ShipmentDocs

fcomplete]

Produce
documents

[carrier,moving]

Aug 15 7 Ready o ship
~ |

! “Unauthorized i Lt | documents | ncomplete |

} Do Accessldenied ! } !

] T T T

(S |

| |

| I |

.................................... ! e L !

| } ShipmentDocs }

: . = | fincomplete] |
Truck Truck « Truck . o Container 1 |
]

[full,shipping hooked}

[mtostill)  [producerstill “[emipty,shipping hookpd]
N . .. |

|
|
|
|
|
| Container
|
;
|
|
|

Container

Goods Fertbacs Shipmentooes™ ~ = T T
[complete]

mtomovin] D

o Truck
o [mtogstill]

Provide Pick up Go to
container container producer
Start
: : L . Cnauthorized |11l
D . N B I T -
Container -+ - - --* Container i S
fempty,loading_area,unhooked fempty,shipping hooked] ;

Container Container i Container
fempty,wareh hooked] fempty, loadi hooked] ; [Full shipping hooked]

Truck Truck

 [broducer, moving]
o S

Truck

i
i
i
i
i
i
i
Authorizatlan !
[Inland_terminal,moving]
i

* [producer,stil] 1 © [approved] |

Pick up
= .
2 container
=
=
©
o
! PickUp Failure .
] T
| N
o e o e e Tl e T e
I D . .
} Truck B Container Truck Truck
| [mto,moving] © [empty,warehouse,unhooked] [producer,moving] [Inland_terminal,moving]
T s
) .
Provide
o .
=4 container
s ~
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Container N " Authorization ~ Container
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C Lo sea2 y N i
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: Container
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shipment

Truck
[mto,still]
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Approach 2/3

« Each artifact is associated to a smart device which is in charge of monitoring
— The process state (does the process evolving correctly?)
— The artifact state (is the artifact managed properly?)
« We need to analyse the co-evolution of both life-cycles
* E.g., cold-chain in transportation
— Process monitoring check if the goods move from Ato B
— Artifact monitoring check if the temperature is below T during the tranportation
— Co-evolution ensure that the goods arrives at destination in good conditions

ESOCC 2017 37




Approach 3/3

Life-cycles are defined with E-GSM automatically generated from

the extracted BPMN

Container

Seql
DFG1: if true and

not startm1 <0>

PFGL: ot Startm1 P>

DFGL: iftrue and not
SeqlM1

DFG2: on (container_e
and truck_e) if
container(e,w,u] and

Start

DFG1: on (container_e and truck_e) if
containerfe,w,u] and truck[m,m]

truck[m,m] PFGL1: Start.M1 and not <P>Container
DFG3: on (container_e or ProvideContainer.M1
truck_e) if DFGL: on (container_e o truck_e) if N ML: on container_| if
containerleu] and containerle,, ] and truckim,s] PickUP O contimerien) ~
truck[m,s] PFG1: ProvideContainer.M1 <P>Container
DFGA: on (container_e or and not PickUpContainer.M1
truck_e) if DFG1: on (container_e or truck_e) if
. : & - M1: on (container_l o truck ) if
containerfe,.,h] and containerle,l,h] and truck{m,m] ! ne vl

truck{m,m] containerle,s,h] and truck(p,s]

DFGS: on (container_e
ortruck_e) if
container(e,s,h] and
truck(p,s]

DFGE: 0n
(authorization_e or
goods_e or container_e)
ifauthorization[a] and
goods[p,u] and
container(e,s,g]

PFGL: PickUpContainer.M1 (o> Producer

and not GoToProducer.M1

DFGL: on (container_e or truck_e)
if containerfe,s,h] and truck[p,s]

ML: on authorization_| if

<

PFG1: GoToProducer.M1 and
& not (Verifyld.M1 or
Verifyld.Me)

FLL: on exception if
exeption.id=unauthorized

DFGL: on (authorization_e or

goods_e or container_e)
if authorization(a] and
goods[p,u] and containerle,s,g]

DFG1: on ization_e orgoods_e  EEXC
or container_e) f authorization(a] and
goods[p,u] and container[e,s,g]
0FG2: n contaner._e ordocs o) I
if container(f,s,h] and docs(r]
DFG3: on (container_e or docs_e if
containerlfs ] and doss{] <

M1: if GoToWH.M1 and

(O tosdGoods.m1 and ML if

Loop.M1 and ((Seq2.M1 and

Startshipment.M1 ot Verifyld.Me)|
or (Empty.M1

DFG7: on (container_e
ordocs_e) if
container(f,s,h] and

docslr] |DFG2: on (container_e or docs_e)

if container{fs,h] and docs[r]
DFG3: on (container_e or docs_e
if container(f,s,h] and docs[i)

DFGS: on (container_e
ordocs_eif

<

and
Verifyld.Me))
a

comaimerltsniand 2T e ©) DFG4: on (container_e or truck _e)
docsfi] |PF4: 0n (container_e or truck_e) if container(f,s,h] and truck(p,m] (Active(seq2) or
DFGs:on (container ¢ | | o nertfl and trucklp.m] ht1: nor vertidMe and ot Seqz M1 &>
" ortruck_e) if DFGS: Verifyld.M1 and not and not Active(PickUpFailure) Empty))
container[f,s,h] and EExc.M1

trucklp,m]

DFG1: if Verifyld.Me and not Empty.M1 ML1: if Verifyld.Me
and not Active(seq2) <2 O andnot Empty.m1
PRGL: Verifyid Me and not Empty. M1 (5, Empty | andnotActive(seq2)
and not Active(Seq2)

DFGL: if EExc.M1 and not End.M1 (> M1 if EExc.M1 and not End.M1
End
PFG1: EExc.M1 and not End. M1

Seq2

DFGL1: on (authorization_e or goods_ or container_e) &> Olzzon container_lif
if and goods[p,u] fes.g) LoadGoods container(f,s,h]
PEGL: not (5
LoadGoods. M1

Loop

DFG: on (container_e or
docs_e) i container(fs,h] _Acontainer_eor (" DFG1: on (container_e or

Ite
and docs[r] I pyiocs-e f containerlfshl o, M1: on docs_l
1 <> and docs(r] checkDoc“"“’lc] old:nsf[i])
PFG1: not CheckDoc. M1 <P>
DFGL: on (container_e or

DFG2: on
docs_e if container(f,s,h]

M1:on
Hiter.M1

ML if CheckDoc.M1
and docs[c] and not
Active(UpdateDoc)

DFG2: on (container_e or
docs_e if container,s,h]
and docsli]

PFG1: LoadGoods.M1 s_eif M1: on docs_L if M2: if
and docsfi) 2>
and not “Container(f,s,n] PFG1: CheckDoc.M1 and L UpdateDo . docsr] CheckDoc.M1 and
Loop.M1 and docs]i] docs{i] and not <> UpdateDoc.M1.M1
UpdateDoc.M1 and docs[i]

DFG: on (container_e or truck_e)
if container(f,s,h] and truck(p,m]

PFG1: Loop.M1 and not s\ Shipment
StartShipment.M1 <ship

M1: on truck_l if
truckfim]

ML: f StartM1 and.
ProvideContainer.M1
and

PickUpContaner.M1
and GoToProducer.M1|
and Verifyld.M1 and
EExc.M1 and End.M1

Container
[empty,warehouse,unhooked] DFG1: on container_| if EWU Mi:on DFG1: on container_| if M1:on
O container[e,w,u] h container_e if not container[e,s,h] o ESH container_e if not
PFG1: not (Active(ELU) or warehonse, ] containerle,w,ul fempty, shipping, | containerle,s,h]
Active(ELH) or Active (ESH) or anhooked] PEGL: Active(ELH) P> hooked]

Mi:on DFG1: on container_| if M1:on
container_e if not container[f,s,h] 0 FSH container_e if not
container[e,l,u] [full, shipping, container(f,s,h]

PFGL: Active(ESH) P> hooked]

ELU

[empty,
loading_area,
unhooked]

ELH

[empty,
loading_area,
hooked]

loadi hooked] Active(FSH) or active(Error))

containerl[e,l,u]

PFG1: Active(EWU) 0

<

PFG1: Active(ELU) 0

[empty,loading_area, hooked]

MiLion DEGy: if Active(ESH) or M1: if not

con:a!nerl_e Il];‘;vot Active(FSH) Final X\gwe(gs;;; or

container[e, |, ivel

M1: on container_e if

iner[e,w,u] or

. container[e,l,u] or
container[e,l,h] or
container[e,s,h] or
container[f,s,h])

DFG1: on container_| if
containerl[e,l,h]

[empty,shipping,hooked]

DFG1:0n iner_| if not
(container[e,w,u] or container[e,l,u] or
containerfe,|,h] or container[e,s,h] or

O container][f,s,h]) Error

[full,shipping,hooked]

PFG1: false
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e Process monitorability

Optimize

« How many activities in a process can be monitored by smart objects?
« Smart objects may lack sensors to determine one state
« Smart objects may lack rules to derive one state from sensor data

 If one state cannot be determined, activities that require or produce that state
cannot be monitored

TRASPORTI ITALIA 2020
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Contribution

« Ontology-based approach to:
« Formalize the capabilities of smart objects
« Estimate the monitorability
* Provide suggestions to improve the monitorability

G. Meroni, P. Plebani “Artifact-Driven Monitoring for Human-Centric Business Processes with Smart Devices:
Assessment and Improvement”, Proceedings of BPM Forum 2017, Barcelona, Spain, September 10-15, 2017
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Extending FIESTA-loT

SensingDevice

speedometerl

“onPlatform | speedInstantaneous kilometerhour

is-a

AN

SmartObject

truckAB123XY

e -
7/ _ -~ - \ s \
(realizesArtifact “realizesArtifact ~ < _hasOwner \ hasOwner, “realizesArtifact /hasOwner

~ ~ —
—

truckCD456WZ truckEF789AB

e

container truck & —— -~ 7 acme

R. Agarwal et al., Unified loT ontology to enable interoperability and federation of testbeds.
In: WF-loT 2016, pp. 70—75. IEEE Computer Society
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Extending Physic Domain Ontology

Formula

hasOutput \hasInput usesParameter producesState /assumesState
: !
timecoords2speed Parameter speed2state State truck
T P T N T
/N P \ N /
/ \ Ve N /
I N \
/ Ve N
y | N - \ N /
/hasInput hasInp < hasOutput asConcept expressedInUnit - “usesParameter \ producesState PproducesState /assumesState
/ ! S e \ N ,
/ ~ - A N s
- \ N
/ I =~ ~ AN a
~ 7
* ' > o 'Y o~ - \(
timeh | | posdeg QuantityKind speedinstkmh Unit still moving
/
, I
, I
/ \
/hasConcept \expressedInUnit
/ \
/
/ N
[ 4 RN
speedInstantaneous kilometerhour

DetectionRule

Artifact

container

lassumesState

Hachem, S., Teixeira, T., Issarny, V.: Ontologies for the internet of things. In: MDS ’11, pp. 3:1-3:6. ACM (2011)
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At Process modeling: resilience

Optimize

« Data-centric approach
— Lack (or low quality) of data is the main source of failures

« Resilience maturity model
— Paves the road to increase the awareness w.r.t. the resilience issues
— Set of levels of resilience

« CMMN extension supporting the resilience by-design

— To propose a tool able to model a resilient multi-party business compliant with our
maturity model

P. Plebani, A. Marrella, M. Mecella, B. Pernici, Multi-Party Business Process Resilience By-Design:
A Data-Centric Perspective, CAISE 2017 (Best paper)
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Multi-party business process resilience

 Parties

— The have their own
iIndependence

« Tasks

— We are interested only on
tasks that
produces/consumes data
produced/consumed by ShopAnalyser Shop

Other partles _~4\ Data ®Physical Marketing
° Data ﬂﬂ[lﬂl] analysis maintenance strategies

— Used to define the state or
to drive the system
evolution

— )

e
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Levels of resilience

|
@

Level 3 - Defining alternative actions

Level 2 - Identifying alternatives for data
and goals

Level 1 - Failure awareness

Level O - None
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Level 0 - None

. O
Level 3 - Defining alternative actions / improveﬁqem \

Level 2 - Identifying alternatives for data and goals Sensor data acquisition

Data analysis

oL acsoal ™)

Monday Data mining report

D sensors

Level 1 - Failure awareness L Installing Reading

values

¢

sensors

sensors data
o I
/Marketing analysis D N
Ny \~ [occur]
marketing e -
ccoopete -4
actions rate

report shop

data
HHp>#
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Level 1 — Failure awareness

Level 3 - Defining alternative actions

Level 2 - Identifying alternatives for data and goals

/ Shop \
improvement

‘ Level O - None

Improving the data semantics

* Relationship between data and tasks

* Relationship between data and
events

» Specification of the operations made
on data

POLITECNICO MILANO 1863

Sensor data acquisition

B _
Installing | [complete]
sensors

HH!

0\ Reading
values
N

sensors
data

L"E‘E@g

Data analysis

l[jquhild]D

report

sensors
data

HEH#

/I\/Iarketing analysis

s

{create} _- |_____
2 - \~ [occur]
& marketing o
marketing report acceptable ~ ’
; conversion
actions
{read} v rate

~
~
~

{read} )

HH>#

1

shop
data
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Level 2 — Defining alternatives for data and goals

/ Shop \
improvement

Sensor data acquisition Data analysis
[occur] [addChild]
. — | o= el
Installing | [complete] () Reading on Data minin {oreate}  T__-----
sensors values Monday 9l report
=
... |\ | T/ [N
S T==-= ] ]
Level O - None {create} \,D {read} D i E

sensors public

Level 3 - Defining alternative actions

Level 1 - Failure awareness

data data

sensors
FH:| 1 data FH:l #
* Introduce discretionary data to Marketing analysis N

{create} _ _ {predicate on}

specify alternative data . = ®—_focoun
. . marketing ~
* Goal alternatives can be specified report e Y
ady . ’

rate /

using the standard CMMN

~

{read} - D

shop failure
data

market report
analysis

D> #
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Level 3 — Defining alternative actions

Level 2 - Identifying alternatives for data and goals

Level 1 - Failure awareness

Level O - None

\\{
NS

Add new tasks (i.e., case plan

fragments) to achieve the planned goal

* No additional CMMN elements are
required

* Usually operates on alternative data

POLITECNICO MILANO 1863

/ Resilient data analysis \
Data fixing Har Data analysis S
] ] ]
©_" 7 {Cl’ea,t:a]; _ J= : [O_C_(E r] {read} j ;:
- [T [ SR
sensor - ; - :
data not Data fixing - revised on Data mining revised
available data Monday data
Seal 0y LT
{read} "~ ~i E {read} ~~~ D
lem=d
public
data sensors
FEH FERs

ESOCC 2017

’LaddChild]

49

report




Act Process modeling: commitments

Optimize

* Enriching the choreography Business Processes modled with Commltment
model with commitments e —

« Commitments will drive the el it
smart devices which can
monitor the execution e B e

processes is limited to the set of operations required to respect such a protocol.
Especially in scenarios where physical resources are exchanged, knowing how a
resource owned by a party is managed in the premises of another party is not pos-
sible. Thus, possible misalignments can be detected too late. At the same time,
IoT is increasingly adopted to enact business processes in many domains: e.g.,
logistics, manufacturing, healthcare. As, with IoT, smart devices can physically
flow through the different parties involved in a process, their sensing capabilities
can be exploited to improve the process compliance checking. With this work
we propose an approach for compliance checking that mixes commitments and
smart devices. Commitments, declaratively defining mutual contractual relation-
ships between parties, drive the configuration of smart devices that, flowing along
with the process flow, check their satisfaction and, in case of misalignment, timely
inform the involved parties.

Keywords: Multi-party process compliance, Timed Commitments, BPMN
Choreography Model, IoT

POLITECNICO MILANO 1863 ESOCC 2017 50



Concluding remarks

tation
meter

Wlfi

Compass,

yroscope S
ApertureL © TouchC
Synthetic Magnetometer

Bt OAEE é'g lerometer

rie

n
ar

fgg;g%m ssTemperature
22 SC Ambient ™ omee
U
)
Focus on data Focus on activities data
* Able to cope with different » Activity-based approaches could
scenarios of usage have a lot of limitations

» Artifact-centric approaches give
you more freedom

We need to make both of them more usable for developers/process managers/users
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Concluding remarks

Business Processes and Smart Devices:
a marriage of convenience?

* |In some sense yes:
— They evolve independently
— Both take inspiration from the other to evolve
* In some sense no:
— They will need each other more and more
— Both could start from the assumption that the other is always there
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Concluding remarks

~ e Marriage

Nad }

e Engagement

N
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