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Abstract

Process Performance Indicators (PPIs) are quantifiable metrics to evaluate the
business process performance providing essential information for decision-makers.
Today, Customizable Process Models and PPIs are usually modeled separately,
especially PPI variables. Likewise, modeling PPI variants with no explicit link with
the related Customizable Processes generates redundant models, making adjustment
and maintenance difficult. The use of appropriate methods and tools is needed to
enable the integration and support of PPI Variability in Customizable Process Models.
In this thesis, we propose the Process Performance Indicator Calculation (PPIC)
method, which allows the modeling of PPl Variability linked to Customizable
Processes modeled on the Business Process Feature Model (BPFM) approach. The
Process PPIC method supports PPI Variability modeling through five design stages,
which concern the PPICT design, the integration of PPICT-BMFM and the
configuration of required PPIs aligned with process activities. The PPIC method is
supported by a metamodel and a graphical notation. This method has been
implemented in a prototype using the ADOxx platform. A complete user-centered
evaluation of the use of the PPICT method as carried out in a real utility distribution

case to model PPI Variability linked to a Customizable Process Model.

i Abstract
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Chapter 1: Introduction

1.1 GENERAL CONTEXT OF THE STUDY:
CUSTOMIZABLE PROCESSES AND PROCESS
PERFORMANCE INDICATORS

Faced with the rapid growth of software publishers, business leaders have
increasingly felt the need for adaptable decision- making. The effectiveness of
decision-making depends on the provision of relevant information and appropriate
tools. The problem for software publishers is to effectively adapt reports and indicators
to specific clients depending on their criteria and the business processes deployed in

their companies.

A business process can be defined as a set of tasks to deliver a service or product
(OMG, 2016). A business process can also be defined as a set of activities to fulfill
one of the business goals (OMG, 2016). Process Performance Indicators (PPIs) are
used to measure business process performance. PPIs evaluate the process goals that
business leaders want to achieve. Traditional decision-making systems using PPI
provide single decision support without considering the possibility to customize the
process model. A customizable process refers to a business process (so-called business
process reference) that can be personalized into variants for a specific context
depending on business criteria. A set of business process references and business
process variants are also called Business Process Family and concern the domain of
Business Process Variability (Schnieders & Puhlmann, 2006). Decision-making
systems do not integrate the potential Process Variability in the calculation of PPIs.
The so-called PPI Variability is a domain that seeks to formalize the diverse ways to

design and calculate indicators to analyze Business Process Models.

Our research work has been performed at the LIG laboratory (Grenoble
Computer Science Research Institute) within the team SIGMA (Information Systems
- Adaptable Engineering and Modeling). The team has obtained experience in design,
modeling, and development of complex systems. Our work is partially financed by the

ANRT (National Association of Research and Technology) in the context of a CIFRE
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PhD! society. INCOM is a software publisher in the field of utility distribution with
more than 250 clients. The application framework of our work is in the field of utility
distribution supported by INCOM's suite. INCOM exploits large volumes of
operational information from their clients. An adaptation of INCOM’s information
system is needed, for new clients’ requirements and new policies of evaluations of
audit entities. The INCOM suite is constituted of its solutions: Anemone, for customer
relationship management, Activ’tech for meter reading and Portail for online user
services. The business processes supported by these solutions are customized
according to the client’s needs. Each client potentially has different indicators to
analyze the deployed processes. Current commercial packages of software publishers
include analysis tools to monitor common processes. These tools do not offer an
integrated solution for the design and development of decision-making systems for

Business Process Variability and PPIs Variability.

In the context of heterogeneous deployed Process Models, the design and
development of decision-making systems has proved to be essential. By nature, public
sector’ software solutions require complex data structures. For instance, each public
entity brings a set of varied business processes and tools such as administrative
processes, intervention processes and decision-making reports. The complexity of
these structures makes it difficult to consider PPIs Variability with current
Customizable Process Models due to their low level of abstraction in the performance
evaluation. The research problem is illustrated in the next sub-chapter through a case
study of Customizable Process Models in the field of utility distribution.

1.2 RESEARCH PROBLEM: THE DIFFICULT
ALIGNMENT BETWEEN CUSTOMIZABLE
PROCESS MODELS AND PROCESS
PERFORMANCE INDICATOR VARIABILITY

Customized Process Models in the context of utility distribution require
aggregation mechanisms and individual decision support systems to synthesize the
information. These mechanisms are becoming crucial since they are instrumental for

the analysis of all process variants from a single decision-making system.

L https://www.incom-sa.fr/
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INCOM needs to evaluate Customizable Process Models and model PPI
Variability, to calculate or recalculate the PPIs that vary from one utility distributor to
another. We explain the PPIs Variability through one of the client processes most used
by INCOM’s clients, called Create Contract (cf. Figure 1). INCOM customizes and
deploys this process for every utility distributor, e.g., utility distributor A and utility
distributor B in Figure 1. The variants A and B correspond to a customization of the
Create Contract process (the reference) due to the distributor’s internal organization
and certain general rules adapted to their specific know-how. The Create Contract
Process is composed of 4 main activities: design contract, send contract, sign contract
and active contract. Those activities can be defined as subprocesses depending on the
client’s criteria to deploy the process variant. Figure 2 shows a simplified version of
the Create Contract reference process using the standard Business Process Model and
Notation (BPMN) (OMG, 2016), which provides a graphical representation of the

business process.

Number of Active
Contracts

Process variant £
oo

. . evaluates Requlation
Software Publisher i tributor A ! D '| ehtitie |
i ~ = o Y cc
INCoM ! ™ - = [
i Chief Chief Chief  Technicians
............ : Executive Commercial Operating
deploys ; Officier Officer Officer
cc ! Variant 2 of CC Process variant P
Create contract (CC) H &
Process reference i . B . evaluates rn
o > Utility distributor B E ¢ Regulation
i ) cc
P ‘We want the option t0™": Chief Chief :

sign the contracts by Executive Commercial

Officier Officer

Number of Active
Signed Contracts

Final Customer

Number of Active
Contracts Signed by
Portal

Figure 1 Research Context: example of two different deployed processes showing that Business
Process Variability and PPI Variability are directly connected.

] ~ ~

& 8 fa 8

Design Contract Send Contract Sign Contract Activate
Contract

Legend

— . (o]
O gt;::eas E':Ddgess Activity R UserTask g Scrip Task

Figure 2 Process Reference: Create Contract modelled in BPMN.
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A simple process variant of the utility distributor A is illustrated in Figure 3.
Since the client has decided not to include the activity to sign the contract, the process

variant only has three activities: design contract, send contract and activate contract.

2 S

Design Contract Send Contract Activate

Contract

Legend

() Start End i gl .
O P e P s Adtivty < UserTask g Scrip Task

Figure 3 Process variant deployed for the utility distributor A: this process is a variant of the reference
process of Figure 2

A possible process variant of the utility distributor B is illustrated in Figure 4.
Since the client has decided to include the activities to sign the contract by email and
by portal, INCOM must also deploy the options to send the contract by email and by
portal. The activities send contract and sign contract are in this case subprocesses,

since it is necessary to detail the tool used to send and sign the contract.

Legend

' ~
J E}dess Epgcess Activity <y User Task g Scrip Task ® Exclusive Gateway
L J T

Figure 4 Process variant deployed for the utility distributor B: this process is a variant of the reference
process of Figure 2

INCOM must also provide their clients with the relevant indicators regarding the
stakeholders’ requirements, i.e., regulation entities and employees’ requirements (cf.
Figure 1). For instance, the CEO of utility distributor A wants to know the Number of
Active Contracts. Additionally, since client A does not want the option to sign the
contracts, all indicators related with this activity cannot be calculated for this process
variant (cf. Figure 1). Distributor B wants the option to sign the contract by email and
via the portal and it’s regulation entity wants to know the Number of Active Signed
Contracts. Therefore, INCOM must deploy the activity to sign contracts. Moreover,

the CEO of distributor B wants to know the Number of Active Contracts Signed by
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Portal. This implies that INCOM must deploy the activity to manage the signature of
contracts by the portal. Thus, the different definitions of a PPl and the deployed
process, the calculation of this indicator will vary, e.g., for the PPI Number of Active

Contracts, the representation could be as presented in Figure 5.

Number of Active Contracts

42879

Number of Active Contracts by City

MONT SAINT AIGNAN BOIS GUILLAUME DEVILLE LES ROUEN City
6983 5984 4616 B BIHOREL

B BOIS GUILLAUME
Il CANTELEU

B DEVILLE LES ROUEN
B LEHOULME

B LETRAIT

NOTRE DAME DE BONDEVILLE B MALAUNAY
3188
B MAROMME
CANTELEU YT
6187 886 MONT SAINT
AIGNAN

M NOTRE DAME DE
BONDEVILLE

MALAUNAY LEHOULME
2799 2083

Figure 5 Example of representation for the Number of Active Contracts

Regarding the PP1 Number of Active Contracts Signed, the representation could
be as presented in Figure 6.

Number of Active Signed Contracts

37145

Number of Active Signed Contracts by City

City . Q Number of Active Contracts
Totaux 37145
BIHOREL 3656
BOIS GUILLAUME 5693
CANTELEU 6160
DEVILLE LES ROUEN 4446
LE HOULME 57
LE TRAIT 2311
MALAUNAY 64
MAROMME 4832
MONT SAINT AIGNAN 6 8068
NOTRE DAME DE BONDEVILLE 3118

Figure 6 Example of representation for the Number of Active Contracts Signed by Portal
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Regarding the PPl Number of Active Signed Contracts by portal, the
representation could be presented as in Figure 7:

Number of Active Contracts Signed By Portal

Number of Active Contracts Signed by Portal by City
8000 City
688 B BIHOREL
2 6e00 5687 W BOIS GUILLAUME
2
5 W CANTELEU
=] 4830
I M DEVILLE LESROUEN
v
g 4000 W LEHOULME
< 3116
s W LETRAIT
2 2385
£ B MALAUNAY
3 2000
B MAROMME
MONT SATNT
v
0 2 5
. ¥ i & A K >
\@A S ““V N Q@ @Q QO&V o o*Qcc
N o C" & ¥ o W N &
) c?\ NG
O % 2 N
< & o &
Q o Q/\Qﬁo

City
Figure 7 Example of representation for the of the Number of Active Signed Contracts

PPIs are usually modeled and calculated from a Non-Customizable Process. This
implies losing the Process Variability perspective. If a process variant evolves, the PPI
definitions in the Customizable Process Model will not be updated accordingly. On
one hand the deployment of a performance management solution takes time and
resources, which limits the PPI evolutions and increases the cost for organizations
(Del-Rio-Ortega et al., 2019). On the other hand, the significant gap that exists between
PPl implementation languages and natural language may cause errors in PPIs
evolutions. Additionally, PPl developers must manually detect and remove the
ambiguities generated by natural language to properly calculate PPIs (Van der Aa et
al., 2016). This is an error-prone task since PPI developers often do not share the same
PPI definitions as decision-makers, due to the nature of their jobs. Indeed, developers
are closer to technology, while decision-makers are closer to management (Del-Rio-
Ortega et al., 2019).

As we observed, Customizable Process Models and PPIs are usually modelled
separately, especially when dealing with PPl Variability. There are different
definitions and ways to calculate PPIs, which complicates PPl management. In most

cases the modeling of PPI Variability does not have an explicit link with Customizable
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Processes, which generates redundant models and makes PPI adjustment and PPI

maintenance difficult.
This induces the following research questions:
I) How to integrate PPIs into Customizable Process Models?

I1) How to model PPI Variability in the context of Customizable Process
Models?

I11) How to recalculate an existing PPI or calculate a new PPI according to

Customizable Processes?

1.3 GOALS AND CONTRIBUTIONS: CONVERGING
PROCESS AND PPI VARIABILITY

Our objective is to bring innovative solutions for the modeling, the integration
and the development of PPI Variability linked to Customizable Process Models. The
object of our work is therefore to specify a language and a method to represent and
manipulate models dedicated to PPl Variability linked to Customizable Process
Models. The study of current PPl modeling solutions shows that most current
approaches do not consider Customizable Process Models, nor consider a method to
calculate or recalculate existing PPIs. Likewise, those approaches do not allow the

calculation of PPls.

The model for PPl Variability that we define extends those proposed in the
literature with a conceptual model. This makes it possible to describe a model and
calculate PPIs from a Customizable Process Model. This model incorporates a link
with process activities to identify the necessary information to calculate useful PPIs
for decision makers. The originality of our approach comes from the modeling of PPI
Variability linked to Customizable Process Models, which is not treated in other

works.

We propose an indicator calculation tree supported by a meta-model that
integrates the Customizable Process Model concepts with PPI Variability. We specify
a PPI Variability model relying on a PPI model, which is carried out through the design
of indicators as a tree. Both the process model and the PP1 model rely on the feature
model approach to the quality of the link between activities and PPIs. We define a

language to model PPI Variability, which has been validated through an experimental
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evaluation. Our model constitutes a generalization of PPIs as interconnected features

according to several design constraints. This model is the first contribution and

constitutes the first step to develop our second contribution: a method for designing

PPI Variability linked to Customizable Process Models. Finally, our third contribution

Is an executable software tool to build a PPl model and support the method that links

them to the Customizable Process Model.

1.4 ORGANIZATION OF THE DOCUMENT

This thesis is organized in 8 chapters:

1)

1)

In chapter 1, we introduce the thesis by giving the goals, the research
context with a case study and the research problem. We presented the
problem concerning the modeling of the Variability and the
customization of business processes. We mentioned that according to our
knowledge, PPI Variability has not been linked to Customizable Process
Models. We raised the issue that an approach to help PPl Variability
modeling and calculation is necessary to promote reusability in the

context of a software publisher.

In chapter 2, we carry out a state of the art concerning current research
in the field of Customizable Process Models and PPl modeling to
determine if those domains are connected and if PPI approaches support
Variability. We show that the modeling and calculation of PPI
Variability linked to Customizable Process Models is not studied in depth
in the literature. We distinguish between the concepts of Key
Performance Indicator and Process Performance Indicators. We also
present the main solutions currently proposed in the domain of
Customizable Processes to model process variants and current

approaches to model indicators and Process Variability.

I11) In chapter 3, we present an overview of our approach, and its 3 main

elements is presented: the Process Performance Indicator Calculation
Tree (PPICT), the method for modeling PPl Variability integrated to
Customizable Process Models and the software tool. The research

methodology employed for our contribution is described.
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IV) In chapter 4, we present in more detail our first contribution: the Process

V)

Performance Indicator Calculation Tree (PPICT), which is a model
designed to support the PPI Variability. We define the main concepts of
our model: Process Performance indicator PPI, PPl reference, PPI
variant, PPI Family, relations between PPIs, relations between PPIs and
activities and the rules between PPI variant and PPI references. These

rules are represented using relational algebra operators.

In chapter 5, we present our second contribution: the Process
Performance Indicator Calculation Method (PPIC Method), which is a
conceptual method for modeling Process Performance Variability linked
to Customizable Process Models. This method generalizes the analysis
and performance evaluation of process variants. We detail each step
using synthetic definitions and examples based on the presented case

study: the Create Contract process.

V1) In chapter 6, we specify the validation process used during the human-

centered computer science research evaluation. We describe an
experimental protocol of 10 qualitative interviews. We explain the PPI
development improvements through these individual interviews of

INCOM’s engineers and novice students when using the PPICT Method.

VII) Inchapter 7, we describe the software tool carried out to implement our

proposals. The purpose of this tool is to help to define and design PPI
Variability linked to Customizable Process Models, based on the
concepts that we have defined for the modeling and development of PPIs.
It allows us to graphically and interactively produce a PPl model and to

execute an indicator query.

VIl Finally, in chapter 8, we conclude the document, focusing on

advantages, limitations and perspectives.
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Chapter 2: Modeling PPI Variability and
Customizable Process: State of
Art

As mentioned in the first chapter, a business process is a set of interrelated tasks
that end with the delivery of a service or product to a customer. Business process has
also been defined as a set of activities and tasks that, when performed, will fulfill one
of the business goals (OMG, 2016). The process should include clearly defined inputs
and outputs. The inputs consist of all the factors that contribute (directly or indirectly)
to the added value of a service or product. These processes can be categorized into
management processes, operational processes, and supporting processes. To model
and execute a business model, a set of methods and tools are used that analyze,
optimize and control the implemented processes. These tools are called Business
Process Management Systems (BPMS), and some examples are Bonita BPM?,
Camunda® or Activiti*. As discussed in the first chapter, Process Performance
Indicators (PPIs) have been developed to measure business process performance. PPIs
represent the process goals that a company wants to achieve on an operational level.

They can be measured directly by data generated within a specific process flow.

Definition: A Customizable Process Model is defined as a consolidated model
of the possible variants of a process, where the variation points can be customized via
transformations (La Rosa et al., 2017). A Customizable Process Model captures
recurrent processes through a systematic modeling of variability and commonality
(Ognjanovic et al., 2012). A Customizable Process Model could be illustrated using a
business process modeling language for the representation of temporal and logical

dependencies of activities in a business process.

Definition: Process Performance Indicators (PPIs) are defined as the
performance perspective of a business process and are a particular case of Key

Performance Indicators (KPIs). KPIs as well as PPIs are a set of measures used to

2 https://fr.bonitasoft.com/
3 https://go.camunda.com/
4 https://www.activiti.org/
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evaluate organizational performance (Parmenter, 2015). PPIs facilitate decision-
making and enable the identification of improvements of the process (Del-Rio-Ortega
et al., 2013). PPl management is part of the business process lifecycle. Indeed, PPIs
are used to analyze the performance of the business processes (Estrada Torres et al.,
2016).

The application of PPIs in Customizable Process Models complicates their
modeling and management. When a process model is instantiated, the calculation and
definition of a PPI can be different depending on the process variants. On the one hand,
classical frameworks such as BPMN do not allow the modeling of Customizable
Process, as we will see in section 2.1, where 5 approaches are analyzed to define
Customizable Process Models. On the other hand, different approaches that model PPI
Variability are proposed, but they focus on Non-Customizable Process Models (cf.

section 2.2).

Hence, it is necessary to define new mechanisms to help PPl developers to
identify and organize the essential information to model variable PPIs in Customizable
Process Models. Current software publishers’ needs are focused on the measurement
of Customizable Process Model performances. The association between Business
Process Variability and PPl Variability implies that PPIs should be redefined (Del-
Rio-Ortega et al., 2019), i.e., the PPIs should be redesigned and recalculated for the
customized processes given a particular context. Section 2.3 discusses the challenges
faced and shows which existing approach will be used for our proposition. INCOM’s
Create Contract process (presented in the previous chapter) will be used to illustrate
the studied approaches from the literature as well as the interest of our proposition in
this thesis.

2.1 CUSTOMIZABLE PROCESS MODELS

As mentioned before, Customizable Process Models capture the variants of a
process family model by adding process fragments (cf. Figure 9) or deleting process
fragments (cf. Figure 8). A Customizable Process Model manages customization
decisions at design-time and/or run-time. For instance, during design-time, we seek to
customize all process variants to be executed in a particular organizational setting. In
comparison, during the run-time, we seek to customize one or a few process variants,

I.e., only the process variants affected by the customization decisions.

Modeling PPI Variability and Customizable Process: State of Art 11



2.1.1 Customizable Process Models requirements for PP modeling

To model and easily implement PPIs in some Customizable Process Model
approaches, we have identified 7 fundamental criteria divided in the following two

perspectives:

1) The integration level between PPIs and Customizable Process Models, i.e.,
the capacity to include essential information to calculate a PPI as well as to

provide the support to model a PPI for a known or an unknown process variant.

2) The usability of the Customizable Process Model approaches, i.e., the

possibility to guide users to make appropriate use of the model and its tools.

Regarding the perspective “integration level between PPIs and
Customizable Process Models,” the approach must:

I) Support variability by restriction to model and calculate PPIs for known

process variants.

Variability by restriction refers to a Customizable Process Model that
contains all possible behaviors of all process variants (La Rosa et al.,
2017). Customization is accomplished by restricting the behavior of the
Customizable Process Model (La Rosa et al., 2017), e.g., activities may
be skipped or blocked during customization (cf. Figure 8). Customizable
Process Models managing variability by restriction are also called
Configurable Process Models, which is defined as “the ability to express
and produce different variants of a process from a configurable model”
(Reichert et al., 2015). Some approaches that support this variability are
PESOA (Schnieders & Puhlmann, 2006) and C-YAWL (Gottschalk et
al., 2009), among others.

12 Modeling PPI Variability and Customizable Process: State of Art
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Figure 8 Example of variability by restriction compared to (a), in (b) the activity sign contract has
been removed.

I1) Support variability by extension to model and calculate PPIs for process

variants not known a priori.

Variability by extension refers to a Customizable Process Model that
does not contain all behaviors. Instead, it represents the most common
behavior in process variants. During customization, the model’s behavior
is extended for a specific context (La Rosa et al., 2017), e.g., new
activities may be inserted to create a dedicated variant: for example, in
Figure 9 activities Sign Contract by Mail and Sign Contract by Portal
have been added to the process variant. Some examples of approaches
using this type of Process Variability are PROVOP (Reichert et al.,
2015), and vBPMN (Ddéhring & Zimmermann, 2011) among others.
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Figure 9 Example of variability by extension, in (b) activities Send Contract by Email, Send Contract
by Portal, Sign Contract by Email and Sign Contract by Portal have been added compared to ()
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I11) Support objects, specifically data-objects, to extract necessary
information to calculate PPIs.

Data-objects represent the data integrated into the process, the data
resulting from the process, the data to be collected and the data to be
stored. The capacity to capture variability in data objects, e.g., data on
the signed contract could be different depending on the contractual

conditions.

IV)Have an executable and extensible implementation to include the

calculation of variable PPIs.

Executable and extensible implementation refers to resolving

inconsistencies between activities and data object associations.

For the perspective “usability of the Customizable Process Model approaches”, the

approach must:

V) Be validated through a real case study, preferably in a software publisher

case which is our use case.

Validation refers to implementation using a real-life Customizable

Process Model through discussions with experts.

VI)Help avoid behavioral anomalies in particular deadlocks and livelocks

when the Customizable Process Model is instantiated.

Help avoid behavioral anomalies refers to always having the possibility
to complete any customized process model properly without deadlocks
or livelocks. The model could be for instance based on Petri-nets relying
on the definition of soundness (Aalst et al., 2010). Customizable Process
Models using Petri-nets execute algorithms to ensure that a customized
process model is free of behavioral anomalies such as lack of

synchronization and deadlocks.
VII) Guide users as much as possible when making customization decisions.

Guide users refers to the selection of one customization process model
option or another to prevent users from making inconsistent decisions of

process model customizations from the domain angle.

14 Modeling PPI Variability and Customizable Process: State of Art



Relying on the aforementioned criteria, we propose an analysis of the more
relevant approaches that model customizable processes. These approaches have been

chosen according to partial or total compliance with at least 5 of the 7 proposed criteria.

2.1.2 Configurable integrated Event-driven Process Chains (C-
IEPCs)

One of the first approaches proposed by (La Rosa et al., 2011) was the C-iEPCs
(Configurable integrated Event-driven Process Chains), which is an extension of the
Event-driven Process Chains (EPC) language, a business modeling language to
represent the logical and temporal dependencies between business process’s activities.
An iEPC is an Event-driven Process Chains with resources objects assigned to
activities. A C-IEPC model captures the common elements of an iEPC family (La Rosa
etal., 2011). Configurable nodes are used to model the differences between the process
variants. A configurable node contains a set of process customization options, i.e., each
set refers to one or more process variants. To model such customization, the behavior
of the C-IEPC must be restricted to each configurable node, using a customization
option. In this approach, once the C-iEPC is modeled, the model is transformed into
an iEPC to eliminate the options that are not necessary. Then, the original variants of

the process family can be modified.
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Figure 10 Example of the C-iEPC model based on the Create Contract Process

Figure 10 shows an example of a C-iEPC model. Model links can be customized
for restrictive or non-restrictive variants, e.g., a configurable OR can be left as a normal
OR, i.e., without restriction, or restricted to a XOR or even an AND. A configurable
activity can be kept ON or OFF, i.e., the activity can be hidden in the custom model.

This enables the possible choice of keeping the activity or not until the moment of the
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execution. In more recent versions of this approach, it is even possible to model

resources (known as roles in the C-iEPC model) as well as objects.

Configurable input objects can be restricted for use, so they are not destroyed by
the activity after use. It is possible to derive an iEPC from a C-iEPC, if the C-iEPC is
structurally correct. The correctness of the behavior is guaranteed by the inference of
constraints. The stakeholder’s criteria are revealed during the personalization through
a questionnaire, which captures the properties and their values using the configurable
nodes (La Rosa et al., 2017). This approach allows the customization of CIiEPC
through questionnaire templates to obtain the configured process. These templates are
compatible with the Synergia toolkits (La Rosa & Gottschalk, 2009), (Dechow et al.,
2005). The use of CIiEPCs has been validated through a case study of pre-production
of films (La Rosa et al., 2011). But the C-iEPC does not provide any execution support.

Table 1 presents our requirements to model Customizable Process Models linked
to variables PPIs and summarizes the evaluated requirements of the C-iEPC approach:

Table 1 Requirements analysis of the C-iIEPC approach

Requirement

C-iEPC approach

I) Support variability by restriction to
model and calculate PPIs for known

process variants.

C-iEPC supports this requirement because it has
configurable nodes used to model the differences
between the process variants. A configurable
node could contain both a set of process
customization options and PPI customization

options.

I1) Support variability by extension to
model and calculate PPIs for process

variants, which are not known a priori.

C-iIEPC does not support this requirement
because it does not allow adding configurable
nodes for process variants which are not known
PPI

a priori. Variability by extension is

impossible

I11) Support

objects, specifically data-

objects, to extract necessary

information to calculate PPlIs.

C-iEPC supports this requirement because it
supports configurable input objects, which can
be restricted for use, so they are not destroyed by

the activity after use.
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IV) Have an executable and extensible

implementation to  include the

calculation of variable PPIs

C-iEPC does not support this requirement
because it does not provide any execution

support.

V) Be validated through a real case study,

preferably in a software publisher case.

C-iEPC supports this requirement because it has
been validated through a case study of pre-

production of films.

V1) Avoid

particular livelocks and deadlocks when

behavioral anomalies in

the Customizable Process model is

instantiated.

C-iEPC supports this requirement because the
correctness of the behavior is guaranteed by the

inference of constraints.

VII)Guide users as much as possible when
making customization decisions to
select one option or another.

C-iEPC meets this requirement because it guides
users through questionnaire templates to obtain

the customized process model.

2.1.3 Configurable Workflows

The approach Configurable workflows (Gottschalk et al., 2008) was proposed as
a conceptual model and then as executable language. One of the most representative
extensions of YAWL (Yet Another Workflow Language) is the Configurable YAWL
(C-YAWL) (Gottschalk et al., 2008). YAWL handles split and join links linked to
activities: a join heads an activity to model the activity’s behavior. C-Y AWL proposes
ports to identify configurable links which are represented with a wider border.
Configurable splits have one outflow port for each flow combination. In the same way,
configurable joins have one inflow port for each flow combination. Figure 11 (a) shows
a C-YAWL example for a port customization, where XOR-Split is used to route the
process flow as well as XOR-join which can be activated by the incoming flows la
and 1b.

In YAWL, an activity with a single outgoing or incoming flow has an implicit
XOR behavior (Gottschalk et al., 2008). This behavior is shown graphically if the
gateway must be made configurable. Likewise, it is possible to hide this activity inflow

port.
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Figure 11 (a) Example of create contract process in C-YAWL with a sample customization; (b) the
customized create contract process model.

YAWL has hide and lock operations that can also be applied to the next elements
such as compound activities, and multi-instance activities. Figure 11(b) shows the
YAWL model resulting from the customization of the example, after applying the
transformation algorithm defined in (Gottschalk et al., 2008). This algorithm removes
all nodes after customization to guarantee the structural correctness of the model.
Likewise, conflicts in data conditions are resolved, to guarantee the executability of
the model. To ensure correct behavior for custom models, two techniques are
proposed: one relying on constraint inference and the other relying on partner
synthesis. These techniques rely on the application of hiding and blocking using a Petri
net to model BP (Aalst et al., 2010). This net is based on the definition of soundness
to ensure that a customized process model is free of behavioral anomalies such as a
lack of synchronization and deadlocks. Questionnaire templates are used to provide
decision support using Synergia toolset (La Rosa & Gottschalk, 2009). YAWL has
been formalized (Gottschalk et al., 2008) and implemented in YAWL Editor to create,
customize, and transform C-YAWL models into YAWL models. The use of C-YAWL
models with questionnaire models has been validated in the municipal domain (L6nn
etal., 2012) (La Rosa & Gottschalk, 2009).

Table 2 presents our requirements to model Customizable Process Models linked
to variable PPIs and summarizes the evaluated requirements of the Configurable

workflows approach:
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Table 2 Requirements analysis of the Configurable Workflows approach

Requirement

Customizable Workflows approach

I) Support variability by restriction to
model and calculate PPIs for known

process variants.

The Customizable Workflows approach supports
this requirement because it has customizable
ports to enable, block or hide an execution way.
A configurable port could contain both a set of
customization and PPIs

process options

customization options.

I) Support variability by extension to
model and calculate PPIs for process

variants, which are not known a priori.

The Customizable Workflows approach does not
support this requirement because it does not
allow adding configurable ports for process

variants which are not known a priori.

I11) Support objects,

specifically data-

objects, to extract necessary

information to calculate PPlIs.

The Customizable Workflows approach does not
support this requirement because it does not

support data-objects.

Have an executable and extensible
the

V)
implementation to include

calculation of variable PPIs

The Customizable Workflows approach supports
this requirement because it has been formalized
(Gottschalk et al., 2008) and implemented in the
YAWL Editor.

V) Be validated through a real case study,

preferably in a software publisher case.

The Customizable Workflows approach supports
this requirement because it uses the C-YAWL
model which has questionnaire models that have
been validated in the municipality domain

(Gottschalk et al., 2009).

VI) Avoid behavioral anomalies in
particular livelocks and deadlocks when
the Customizable Process model is

instantiated.

The Customizable Workflows approach supports
this requirement because to ensure the correct
behavior for custom models, two techniques are
proposed: one relying on constraint inference

and the other one relying on partner synthesis.

VII)Guide users as much as possible when
making customization decisions to

select one option or another.

The Customizable Workflows approach supports
this requirement because it uses the C-YAWL
model which has questionnaire models guiding

users to make customization decisions.
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2.1.4 Template and rules

The approach Template and rules (Kumar & Yao, 2009) represents the
variability of a process family by including a set of rules linked with a business process
template. The business process template refers to the Customizable Process Model: a
simple, block-structured process model that must be chosen to have the shortest
structure of all the process variants in a family. Rules are sequences of operations that
are used to customize the template by restricting or extending its behavior. Change
operations affect the flow of control (deleting, inserting, moving, or replacing a
fragment), resources (assigning a resource to an activity or changing the value of a
resource property), and data objects (assigning a value to a data attribute, or changing
the input / output data value of an activity). The operations on resources and objects
are modified, while those on the control flow are a combination of delete and insert
(La Rosa et al., 2017). Gateways cannot be directly customized and set points are not
explicitly rendered, meaning that change operations can be applied to any chunk of
process model. As a result, however, in Template and Rules, the variability is not
represented in any process model perspective and can only be inferred from the rules

that accompany the template.

The Template and rules conditions provide a Customizable Process Model
abstraction. Figure 12 shows a running example of the Template and rules notation

using the BPMN language.
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Figure 12 (a) The Create Contract Process Reference in Template & Rules. (b) Customized model of
the Create Contract Process

The Template and rules approach is implemented using The BPEL language and

uses a set of rules based on the Drools-expert rule engine (Shigarov, 2015). Thus, this
approach can check for conflicts between available rules, e.g., delete an activity when
another rule is seeking to add a new one. Each rule is checked to make sure that it is
not possible to delete an inexistent node. Finally, a customized process model, i.e., a
process variant, is obtained relying on those rules that are applicable and non-
conflicting. The customized process model is checked for data inconsistencies, e.g.,
when the data input is no longer available. This check is done to guarantee the
customized model executability. Nevertheless, the approach has not been validated in

practice.

Table 3 presents our requirements to model Customizable Process Models linked
to variables PPIs and summarizes the evaluated requirements of the Template and rules
approach:
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Table 3 Requirements analysis of the Template and rules approach

Requirement

Template and rules approach

I) Support variability by restriction to
model and calculate PPIs for known

process variants.

The Template and Rules approach supports this
requirement because the rules are a sequence of
replace, delete and assign or change a resource to
customize the

template by restricting its

behavior.

I1) Support variability by extension to
model and calculate PPIs for process

variants, which are not known a priori.

The Template and Rules approach supports this
requirement because the rules are a sequence of
insert, replace, delete and assign or change a
resource operation to customize the template by

extending its behavior.

specifically data-

I11) Support objects,

objects, to extract necessary

information to calculate PPlIs.

The Template and Rules approach partially
supports this requirement because it offers the
possibility to assign or change the value of an

input or output data.

Have an executable and extensible
the

V)
implementation to  include

calculation of variable PPIs

The Template and Rules approach partially
supports this requirement because it has been
the BPEL.

Nevertheless, this tool is not publicly available.

implemented  using language

V) Be validated through a real case study,
preferably in a software publisher case.

The Template and Rules approach does not
support this requirement because it has not been

validated in practice.

VI) Avoid behavioral anomalies in
particular livelocks and deadlocks when
the Customizable Process model is

instantiated.

The Template and Rules approach supports this

requirement because to guarantee the
executability of the customized model, it uses
only those rules that are non-conflicting to check

the data-flow inconsistencies.

VII)Guide users as much as possible when
making customization decisions to

select one option or another.

The Template and Rules approach does not meet
this requirement because it has no guidance

support.

2.1.5 Business Process Feature Model

The Business Process Feature Model (BPFM) (Cognini et al., 2016) combines

concepts coming from both feature modeling and from BP modeling. A Feature Model
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is a graphical model that uses a tree representation. This notation clearly shows the
relationships among features. The root of the tree represents the generic product (the
family). BPFM is an extension of Feature Models incorporating business process
aspects. It represents the activity building blocks, such as atomic tasks and complex
sub-processes. BP models can be composed of three perspectives; the behavioral
perspective that represents the dynamic behavior of an executable BP model; the
information perspective representing data objects involved in the BP; and the
operational perspective, which represents the implementation details of the BP
activities. BPFM includes constraints between the static inclusion and the dynamic
occurrence of an activity. With reference to the information perspective, the notation
supports the part of relation in data object modeling. While some data objects are

primitive, others can be decomposed into more fine-grained objects.

BPFM model Configured BPFM model
STEP 1 STEP 2

BPFM Model
Regularity Design Configuration

Frameworks ---

Manuals Process

Competence Designers
Center

BP Fragments BP Variant
STEP 3 STEP 4
BP Fragment BP Variant
Derivation Deswgn O@O
Generator l ] Process

Designers

Figure 13 BPFM Method (Cognini et al., 2016)

The BPFM allows the modeling of all variants of a reference process in the case
of a business process family (step 1 of Figure 13) and via a configuration step (step 2),
it is possible to derive the most suitable one for the specific organization. In step 3,
BPFM generates the BPMN fragments of the business process variant, i.e., the BPMN
fragments of the customized process model. For this generation, BPFM executes
several algorithms to ensure that the fragments of the customized process model are
free of behavioral anomalies such as deadlocks. In step 4, BP designers could derive
the BP fragments to enrich them with control flow information relying on the BPMN
proposals to avoid livelocks. At this stage, we must consider the characteristics of an

organization and adapt our processes according to the precise rules of each
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organization that we could not know before the configuration of the processes
(Variability by extension). Knowing and modeling all the possible variables of a
process is not easy, even more so especially when extensions of the reference processes

are managed.

BPFM has been implemented on ADOxx® development platform (cf. Figure 14).

J ADOxx Modelling Toolkit (ddiaz) - [dsf (BPFM Model) *]
] Model Edit View Processtools ADOxx Tutorial bpFM Features Extras Window Help
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Load Contrat ’

Figure 14 A BPFM Model created via the BPFM tool.

A BPFM model is composed of activities organized in a tree (cf. Figure 14)
where the root activity identifies the family of business processes. BPFM has diverse
levels of specifying a process where each internal activity that is not a leaf in the tree
describes a sub-process. On the other hand, the leaf activities of the tree represent
atomic activities, i.e., tasks. BPFM details all tasks using the same symbols proposed
by BPMN 2.0. The relationships between activities are called constraints which allow

a representation of the variability in two dimensions:

1. If each supplementary activity must be inserted in each variant of the
process. This means that the activity must be selected during

configuration.

2. if activities must or can be executed at runtime. The goal is to customize

both static and dynamic activities after deploying the process. The type

5 https://www.adoxx.org/

Modeling PPI Variability and Customizable Process: State of Art 25



of restrictions can be binary or multiple depending on the relationships

between secondary activities and main activities.

Table 4 presents our requirements to model Customizable Process Models
linked to variables PPIs and summarizes the evaluated requirements of the BPFM

approach:

Table 4 Requirements analysis of the BPFM approach

Requirement

BPFM approach

I) Support variability by restriction to
model and calculate PPIs for known

process variants.

The BPFM approach supports this requirement
because it allows modifying and deleting process

elements during the configuration phase.

I1) Support variability by extension to
model and calculate PPls for process

variants, which are not known a priori.

The BPFM approach supports this requirement
because it allows adding business process

elements after the configuration phase.

I11) Support objects,

specifically data-

objects, to extract necessary

information to calculate PPlIs.

The BPFM approach supports this requirement
because it supports configurable input and output
objects, which can be restricted or added during

the customization phase.

Have an executable and extensible
the

V)
implementation to  include

calculation of variable PPIs

The BPFM approach supports this requirement
because it proposes a conceptual model, but also

an exploitable tool based on ADOxx platform.

V) Be validated through a real case study,

preferably in a software publisher case.

The BPFM approach supports this requirement
because it has been validated through a case

study in public administrations.

VI) Avoid behavioral anomalies in
particular livelocks and deadlocks when
the Customizable Process model is

instantiated.

The BPFM approach supports this requirement
because the correctness of the behavior is
guaranteed when generating the process variant.
BPFM executes several algorithms to ensure that
the customized process model be free of
behavioral anomalies such as deadlocks. These
algorithms are used also to generate the
customized process model on BPMN, helping to

avoid livelocks.
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VII)Guide users as much as possible when | The BPFM approach partially supports this
making customization decisions to | requirement because it guides users through
select one option or another. automatic pop-up execution for the constraints

that are not validated but it does not have

verification questionnaires.

2.1.6 Synthesis of Customizable Process Models

After evaluating the approaches regarding our desired conditions shown
previously, we note that none of them meets all the requirements and constraints except
the Business Process Feature Model (BPFM) (Cognini et al., 2016). None of them
integrates the PPI Variability modeling (La Rosa et al., 2017), (Estrada-Torres et al.,
2016) (cf. Table 5). BPFM includes refinement variants even if the process has been
customized. Therefore, we can consider PPl modeling for Process Variability by
restriction and by extension. BPFM also considers the deployment context information
adapting execution paths for every process variant. BPFM has been implemented in
the ADOxx platform, which allows it to be executable, to guide users to make
customization decisions and to be easily modified to include PPl modeling. Moreover,
when generating the process variant, BPFM executes several algorithms to ensure that
the customized process model is free of behavioral anomalies such as deadlocks. These
algorithms are also used to generate the customized process model, i.e., process
variant, on BPMN. Thus, helping to avoid livelocks. Likewise, BPFM supports data-
objects making it possible to obtain information generated by each activity, which
serves as a guide to calculate the desired PPIs. Finally, this approach has been validated
considering several Public Administration scenarios through the European Project
Budget Report case study endorsed by the Learn Pad Project®.

After having analyzed the approaches that allow the modeling of Customizable
Process Models, we will analyze the approaches that allow us to model the Process
Performance Indicators. As with the analysis of the Customizable Process Models, we

will propose classification criteria that will be used to evaluate each approach.

® http://www.learnpad.eu/
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Table 5 Evaluation of Customizable Process Model Approaches

The integration level between PPIs and Customizable Process

The usability of the Customizable Process Model

Models approaches
1) Support 11) Support 111) Support IV) Have an V) Be VI) Avoid VII) Guide
Reference variability by variability by objects, executable and validated behavioral users as much
restriction to extension to specifically extensible through a real anomalies in as possible
model and model and data-objects, | implementation case study, particular when making
calculate PPIs calculate PPIs to extract to include the | preferably ina livelocks and customization
for known for process necessary calculation of software deadlocks when decisions to
process variants, which | informationto | variable PPIs. | publisher case. | the Customizable select one
variants. are not known a calculate Process model is option or
priori. PPIs. instantiated. another.
Configurable integrated Event-driven (La Rosa et al., 2011)
Process Chain (C-iEPCS) Yes No Yes No Yes Yes Yes
Customizable Workflows (Gottschalk et al., 2008)
(Language: C-YAWL, C-SAP, C- Yes Yes Partially Partially Yes No No
BPEL)
Template and rules Kumar & Yao, . .
(Language: Block-Structured BPEL) ( 2009) Yes Yes Partially Partially Yes No Yes
Business Prc()cBePs; '\ljsature Model (Cognini et al., 2016) Yes Yes Yes Yes Yes Yes Partially
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2.2 PROCESS PERFORMANCE INDICATOR
MODELING APPROACHES

In this subchapter we provide definitions of basic concepts for the analysis and
evaluation of different approaches according to a list of requirements defined from our
experience. Each requirement will be detailed and explained. Then each approach will

be analyzed and finally a summary of the evaluation carried out will be given.

Some models such as ARIS (Davis & Brabander, 2007) use Key Performance
Indicators to model cause-and-effect relationships aligned with organizational
strategic goals. ARIS is an approach that enables companies to measure and to analyze
the performance and structure of their business processes. An example of ARIS in the
context of medical distribution is shown in Table 6. The ARIS approach makes it
possible to conceptually identify the link between business process and performance

indicator.

Definition: Key Performance Indicators (KPIs) are defined as a set of measures
used to evaluate organizational performance (Parmenter, 2015). They are essential for
managers to understand whether their businesses are being successful or need
improving. (Marr, 2012). A KPI highlights areas that need attention as well as the
performance of those areas that are going in the right way. KPIs are usually modeled
separately from the business process. KPIs are also generic metrics applicable to any
process, such as process duration, number of executions, or even process-specific
measures. KPIs are based on the properties of business process’s objects and they can
be calculated for one single business process instance or they may be aggregated over
several business process instances using for examples average, minimum or maximum

aggregations.

To evaluate the performance requirements of business processes, Process
Performance Indicators (PPIs) (Del-Rio-Ortega et al., 2013) are used as a particular
case of KPIs. PPIs permit managers to evaluate the effectiveness and efficiency of a
business process (Del-Rio-Ortega et al., 2016). In addition, PPIs can be measured
directly by the data generated during the process flow (Rosenberg et al., 2011).
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Table 6 Example of ARIS tool in the context of medical distribution

Organizational
N° Risks KPI Interest unit Actor
Unchecked
demand  of know the real
1 medicines daily demand |demand care unit head nurse
i s o | o
died level real
flems in hight | consumption phamacy
2 level of medicines|  pharmacy | dispenser
insure the
!wam' inventory pharmacy
3 ” |iventory gap [reliabity  [pharmacy dispenser
Lack of|
verification
during  the insure the
reception  of|fécepion  |reception pharmacy
4 s quaiityrate  |refiabity pharmacy dispenser
lack of{sesvice rale |control the
delivery of supply  [delivery head
5  [monitoring  |division delay pharmacy pharmacist
Irregular control the
replenishment |medecines  |advance pharmacy
6  [ofunitcare |advance rate reason pharmacy dispenser

Process Performance Indicators (PPIs) are generally defined in an informal way,
e.g., in natural language, which leads to problems of ambiguity, coherence and
traceability in relation to Process Models (Del-Rio-Ortega et al., 2013), e.g., missing
information in the definition of a PPIl. PPIs are usually defined from a Non-
Customizable Process or instance losing the perspective of the Customizable Process
Model.

The PPI Variability has not been addressed so extensively in the literature
(Estrada-Torres et al., 2016) (Del-Rio-Ortega et al., 2013). For instance, classical
architectures such as Data Warehouse, Business Intelligence, Business Activity
Monitoring (Friedenstab et al., 2012), Business Performance Management (Golfarelli
et al., 2004) or Performance Indicator Modeling (Popova & Sharpanskykh, 2010) deal
with the importance of enforcing goals defined by business strategies. Likewise, they
deal with metrics to model and calculate indicators. Nevertheless, in the case of
Customizable Process Models, information extraction from business data is not
enough, especially when different PPI definitions depend on flexible evaluation

criteria and process variants.

In the next section, we will talk about our 7 requirements to analyze and evaluate

the PPI approaches.
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2.2.1 Process Performance Indicator Requirements

To model variable PPIs linked to Customizable Process Models, we have

identified 7 requirements necessary to analyze current performance indicator models.

These requirements were determined based on our experience and the experience of

other authors as (Estrada-Torres et al., 2021), They are described individually for each

approach presented in the Table 12. They are divided into two groups, in an equivalent

structure to that of the previous analysis:

Group 1: The expressive capacity of PPIs. For this group, the approach should

make it possible to:

1)

1)

1)

V)

Define a variable performance indicator.

This requirement seeks to assess the ability to define PPI
Variability and seeks to establish how it impacts business process

evaluations, and how to deal with variable PPIs.
Model the relation between PPIs.

This requirement seeks to evaluate the ability to model the
relationship between PPIs, to know how PPlIs are related to each
other and if there is more than one type of relationship, e.g., one-
to-one or one-to-many, and if there is more than one category of

relationships, e.g., direct, or indirect relationship.
Consider PPI Variability by restriction.

This requirement seeks to evaluate the ability to model the PPI
Variability when whose PPI variants are known a priori, that is,
when the PPl template has all the known customization
possibilities.

Consider PPI Variability by extension.

This requirement seeks to evaluate the ability to model the PPI
Variability when whose PPI variants are not known a priori, that

is, when the PPl template does not have all the known

customization possibilities.
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Group 2: The integration level between PPIs and Customizable Process

Models. For this group, the approach should make it possible to:

V)

Vi)

iI)

Model PPIs independently of the language used to model the BP
(if this requirement is fulfilled, requirement VI must not be
fulfilled).

This refers to the capacity to model PPIs based on a language
different than the language to model Business Process. The goal
is to be able to separate the models and draw a link between the

business processes and the decision-making systems afterwards.

Model PPI Variability together with Customizable Process
Models (if this requirement is fulfilled, requirement V must not
be fulfilled).

This refers to the capacity to design the PPl Variability and
Customizable Process in a single model to create a synergy
between Customizable Processes Models and Process

Performance Indicators.

Model the relation between PPIls and Activities of a business

process.

This refers to the capacity to model the link between PPIs and the
activities to identify the resources that generate the data used to

calculate indicators.

2.2.2 Business Performance Measurement approach

Business

performance measurement approaches provide tranches of

management interest reports. Business performance frameworks and measurement

methodologies offer little information regarding certain aspects such as quality or

involvement level. Performance measurement models are instrumental in achieving

excellence in BP when it comes to integrating and balancing stakeholders’ needs. The

most renowned business performance model is the Balanced Scorecard (BSC) (Kaplan

et al., 1992). The Balanced Scorecard considers financial and non-financial indices.

The BSC enables managers to discern organizational performance gaps linked to their
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business strategy. BSC measures to improve business performance measurement and

promote indicator quality. Nevertheless, the performance measurement models do not

consider Customizable Process Models nor Performance Indicators Variability (Rahim

etal., 2018) (Landstrém et al., 2018).

Table 7 presents our requirements to model variable PPIs linked to Customizable

Process Models and summarizes the evaluated requirements of the Business

Performance Measurement BSC approach.

Table 7 Requirements analysis of the Business Performance Measurement BSC
approach

Requirement

Business Performance Measurement BSC

approach

I) Define a variable performance indicator

The

approach does not support this requirement

Business Performance Measurement

because it concerns only non-variable
performance indicators.
I1) Model the relationships between PPIs The Business Performance Measurement

approach supports this requirement because it
allows the modeling of relationships between
PPIs but not in the context of PPI Variability.

I11) Consider PPI Variability by restriction,

The

approach does not support this requirement

Business Performance Measurement
because it does not consider the diverse ways to

calculate PPls.

IV) Consider PPI Variability by extension

The

approach does not support this requirement

Business Performance Measurement

because it does not consider PPI Variability.

V) Model PPIs

language used to model the BP

independently of the

The Business Performance Measurement
approach supports this requirement because it
allows the modeling of PPI in natural language

and sparely using BP modeling language.

VI) Model PPI Variability together with

Customizable Process Models

The

approach does not support this requirement

Business  Performance  Measurement
because it is designed to model indicators and not

customizable processes.
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VII)Model the relation PPI-Activities of a | The Business Performance Measurement
business process. approach does not support this requirement
because there is not a concrete link between PPIs

and business process elements.

2.2.3 Business Activity Monitoring and Business Process Execution
Measurement Model

Business Activity Monitoring (BAM) is defined as a tool for analyzing real-time
business performance indicators to make better decisions about the effectiveness of
operations. BAM seeks to minimize the decision-making latency by providing real-
time information to take an adequate action (Friedenstab et al., 2012). BAM uses
aggregation and quantitative measures in real-time of basic events to monitor and
control business processes and know the current state of business processes. BAM
relies on Key Performance Indicators (KPIs), which are typically used to measure
business goals. Performance information provided by BAM systems is targeted at
decision-makers. BAM applications are usually dashboards which display KPIs with
the most essential information needed to achieve or monitor one or more goals. BAM

is divided into 3 stages:
I) The modeling of the business processes.

I1) The specification of event processing for monitoring and controlling the

current state of business processes.
I11) The design of dashboards and KPIs.

Regarding expressiveness of PPIs modeling, (Delgado et al., 2014) propose the
Business Process Execution Measurement Model (BPEMM), which is based on an
existing software measurement ontology. The BPEMM provides a set of execution
measures for business processes according to a continuous improvement in an
organization. Having a predefined set of execution measures will help organizations
to focus on the evaluation of selected aspects of BP execution, preventing them from
spending valuable time in defining the execution measures by themselves. Moreover,

BPEMM does not consider the definition of domain-specific and user-defined PPIs.

Table 8 our requirements to evaluate PPl modeling approaches and summarizes

the evaluated requirements of the Business Process Execution Measurement Model.
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Table 8 Requirements analysis of the BPEMM approach

Requirement

Business Process Execution Measurement
Model

I) Define a variable performance indicator

The Business Process Execution Measurement
Model this

requirement because it relies on performance

approach does not support
indicators but not on variable performance

indicators.

I1) Model the relation between PPIs,

The Business Process Execution Measurement
Model

because

approach supports this requirement

it allows users to model relations

between PPIs at a strategic level.

I11) Consider PPI Variability by restriction

The Business Process Execution Measurement
Model this

requirement because the indicators are modeled

approach does not support
for a particular process. Therefore, variability by

restriction is not considered in this approach.

IV) Consider PPI Variability by extension

The Business Process Execution Measurement
Model this

requirement because the indicators are modeled

approach does not support
for a particular process. Therefore, variability by

extension is not considered in this approach.

V) Model PPIs

language used to model the BP

independently of the

The Business Process Execution Measurement
Model
because on one hand, it allows to model PPls

approach supports this requirement
relying on a language based on measure
aggregations and target definition. Likewise, it

allows to model processes using BPMN.

VI) Model PPI Variability together with

Customizable Process Models

The Business Process Execution Measurement
Model this
requirement because the link with processes is

approach does not support
based on an instance process and not on a process

template.

VII)Model the relation PPI-Activities of a

business process.

The Business Process Execution Measurement

Model approach supports this requirement
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because it considers the link between process
activities and indicators.

2.2.4 Data Warehouse Architecture

The data warehouse modeling concerns especially data stores. Indeed, the
multidimensional approach represents the data in accordance with decision-makers’
criteria, according to the different lines of possible analysis. For example, the data
warehouse architecture proposed by (Ngo et al., 2019) combines non-SQL data bases
applying the following capabilities: flexible schema, data integration from real multi
datasets, data science and business intelligent support, high performance, high storage,
security, governance and monitoring, replication and recovery, consistency,

availability, distributed and cloud deployment

The multidimensional model consists of facts containing the measures to be
analyzed and dimensions containing the parameters of the analysis. Within each
dimension, parameters are organized hierarchically into levels of detail. This
multidimensional representation of data induces new operations related to
aggregations. These basic manipulation operations are linked to the structure and to

the level of observation of values, called level of granularity of data.

Table 9 focuses on our requirements to model variable PPIs linked to
Customizable Process Models and evaluates the requirements of the Data
Warehousing approach.

Table 9 Requirements analysis of the Data Warehouse Architecture approach (Ngo et
al., 2019)

Requirement Data Warehouse Architecture

I) Define a variable performance indicator | The Data Warehouse Architecture does not
support this requirement because it relies on data
modeling for Non-Customizable decision-

making systems.

I1) Model the relation between PPIs, The Data Warehouse Architecture does not
support this requirement because it relies on a set

of indicators but not on individual PPlIs.
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I11) Consider PPI Variability by restriction, | The Data Warehouse Architecture does not
support this requirement because it does not
consider variability modeling. Therefore, we
cannot customize a data warehouse depending on

the business context.

IV) Consider PPI Variability by extension | The Data Warehouse Architecture does not
support this requirement because it does not
consider variability modeling. Therefore, we
cannot customize a data warehouse for not

supporting indicator variants.

V) Model PPIs independently of the | The Data Warehouse Architecture partially
language used to model the BP supports this requirement because it is possible
to model a set of indicators, but they are not

linked to a Customizable Process Model.

V1) Model PPI Variability together with | The Data Warehouse Architecture does not
Customizable Process Models support this requirement because Customizable
Process modeling is separated from data

warehouse modeling.

VII)Model the relation PPI-Activities of a | The Data Warehouse Architecture does not
business process. support this requirement because PPls Are

neither linked with process nor with activities.

2.2.5 Business Intelligence Approach

Business intelligence systems blend data with analytical tools to present to
decision makers only information relevant to their business activities. (Negash & Gray,
2008). Business Intelligence allows the understanding of the capabilities available in
an organization. Business Intelligence uses both structured and semi-structured data.
It seeks to help managers to make decisions regarding operations looking backwards
to analyze descriptively and diagnostically the organization’s performance (Velu,
2021).

The Business Intelligence Approach (BIA) (Li et al., 2008) proposes appropriate
technologies along with each phase of the process to help management in
implementation, which includes a decision support system that enables them to

integrate various methodologies together.
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Table 10 focuses on our requirements to model variable PPIs linked to

Customizable Process Models and evaluates the requirements of the Business

Intelligence Approach.

Table 10 Requirements analysis of the Business intelligence BIA approach

Requirement

Business intelligence Approach

I) Define a

indicator.

variable  performance

The Business Intelligence Approach does not
support this requirement because it relies on a

general definition of indicators.

I1) Model the relation between PPIs.

The Business Intelligence Approach partially
supports this requirement because it allows users
to model relations between data but not relations

between indicators.

I11) Consider PPI Variability by restriction.

The Business Intelligence Approach does not
support this requirement because it is not
possible to model PPls., therefore it is not
possible to model the expected PPl variants a

priori.

IV) Consider PPI Variability by extension.

The Business Intelligence Approach does not
support this requirement because it is not
possible to model PPIs, therefore it is not
possible to model the non-expected PPI variants

a priori.

V) Model PPIs
language used to model the BP

independently of the

The Business Intelligence Approach partially
supports this requirement because it relies on

data modeling instead of indicator modeling.

VI) Model PPI Variability together with

Customizable Process Models

The Business Intelligence Approach does not
support this requirement because there is no link
between Customizable Process Models and

Business Intelligence.

VII)Model the relation PPI-Activities of a

business process.

The Business Intelligence Approach does not
support this requirement because the modeling of
indicators is based only on data instead of being

based on the link with the processes
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2.2.6 PPINOT

The PPINOT approach (Del-Rio-Ortega et al., 2019) proposes a language to
define and model PPIs together with business processes. This approach is the closest
work to our research, which is why we are going to detail the mechanisms of PPI
modeling in PPINOT.

PPINOT enhances the PPl modeling as well as the visual representation of
business processes and PPI links by instantiating a pre-defined metamodel. PPINOT
also makes it possible to express PPI definitions, which were impossible to model in
previous approaches such as BPMN (OMG, 2013) and BPEL (Andrews et al., 2003)
as analyzed in (Del-Rio-Ortega et al., 2013). (OMG, 2013)(Andrews et al., 2003).

PPINOT is a graphical notation for PPIs definitions designed to be used together
with Business Process Models and aims at facilitating and automating PPI
management design (Del-Rio-Ortega et al., 2016). The PPINOT metamodel provides
definitions of PPI Variability:

e A PPI varies depending on whether it is defined for all process variants or

not.

e A PPI varies depending on the attributes required to define it, which may

change depending on the variant in which it is defined.

This approach connects business process elements and PPIs to measure the
business process lifecycle. PPINOT improves the expressiveness of the link between
PPIs and business processes. However, this approach does not consider Process
Variability even if it was validated in a multiple-case study (Del-Rio-Ortega et al.,
2019).

PPINOT involves PPI definitions in a metamodel, which identifies the main
concepts needed to model a PPI. Its purpose is to identify the way in which PPIs are
measured, i.e., how the required information can be obtained from a process (Del-Rio-
Ortega et al., 2019). It considers a set of questions derived from the Specific,
Measurable, Attainable, Realistic, Time-sensitive (SMART) criteria. PPINOT uses the
Unified Modeling Language (UML) to formalize the models (Del-Rio-Ortega et al.,
2013).
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PPINOT defines PPIs as a rectangle with the measure defining the PPI displayed
inside it (Del-Rio-Ortega et al., 2019). The PPI value and its scope are displayed at the
bottom (cf. Figure 15 (a)). Measures are classified in base measures (cf. Figure 15 (b)),
aggregated measures (cf. Figure 15 (c)), and derived measures (cf. Figure 16
(percentage of)). A base measure generates one value for a single-process instance
(Del-Rio-Ortegaet al., 2019). An aggregated measure corresponds to the multi-process
instances. PPINOT uses aggregation functions such as: AVG for average, MAX for

maximum, MIN for minimum, SUM for summation, etc. (cf. Figure 15 (c)).
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A more recent version of PPINOT V2 (Estrada-Torres et al., 2021) has

implemented PPI variability in Customizable Processes Model. However. The authors

used two models, the C-IEPCs (La Rosa et al., 2011) that does not support the process
variability extension and the PROVOP (Hallerbach et al., 2010) that does not allow

users to avoid behavioral anomalies in particular livelocks and deadlocks when the

Customizable Process Model is instantiate

when making customization decisions to s

d. Likewise, PROVOP does not guide users

elect one option or another.

Table 11 presents our requirements to model variable PPIs linked to

Customizable Process Models and summary of the evaluated requirements for the

PPINOT approach is illustrated on.

Table 11 Requirements anal

ysis of the PPINOT approach

Requirement

PPINOT Approach

Define a variable performance

1)

indicator.

The PPINOT approach supports this requirement
thanks to a formal definition of each PPI. (Del-
Rio-Ortega et al., 2013) and (Estrada Torres et
al., 2016).
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I1) Model the relation between PPIs.

The PPINOT approach partially supports this
requirement because it allows users to model

relations between PPIs but only for aggregations.

I11) Consider PPI Variability by restriction,

The PPINOT approach supports this requirement
because it is possible to select and deploy PPIs

according to the business context.

IV) Consider PPI Variability by extension

The PPINOT approach does not support this
requirement because it is not possible to model
and calculate new PPIs when their variants are

not known a priori.

V) Model PPIs

language used to model the BP

independently of the

The PPINOT approach supports this requirement
because on the one hand it allows the modeling
of PPIs relying on a language based on measure
aggregations. On the other hand, it allows users

to model processes using BPMN.

VI) Model PPI Variability together with
Customizable Process Models

The PPINOT approach (Del-Rio-Ortega et al.,
2019) does not support this requirement because
it does not consider Customizable Process
Models. Therefore, the modeling of PPI
variability relies on a non-variable process

instead of a Customizable Process Model.

The PPINOT V2 approach (Estrada-Torres et al.,
2021) support this requirement because it
Models.
However, neither of the two models used C-
iEPCs (La Rosa et al., 2011) and PROVOP
(Hallerbach et al., 2010) do not have an

executable and extensible implementation to

consider  Customizable  Process

include the calculation of variable PPIs.

VII)Model the relation PPI-Activities of a

business process.

The PPINOT approach supports this requirement
link
between a PPl and a Business Process Element

(cf. Figure 17).

because its metamodel considers the
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2.2.7 Synthesis of Performance Indicator modeling

Classical approaches of Data Warehouse, Business Intelligence, Business
Activity Monitoring (Friedenstab et al., 2012) or Modeling Performance Indicators
(Popova & Sharpanskykh, 2010) allow users to model and calculate indicators dealing
with the importance of enforcing goals defined by business strategies and metrics.
Nevertheless, in the case of Customizable Process Models, the information extracted
from business data is insufficient, especially when different PPI definitions depend on
flexible evaluation criteria and process variants (cf. Table 12). The PPI Variability
allows an advanced definition of variable performance indicator independently of the
language used to model the BP (Estrada-Torres et al., 2016). The PPINOT approach
allows users to model PPIs together with business processes. However, the PPINOT
approach considers neither Customizable Process Models nor the PPI Variability. In
summary, the works of (Estrada-Torres et al., 2016) (Del-Rio-Ortega et al., 2019) do
not allow users to model and define relations between PPI variability and
Customizable Process Models.
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Table 12 Evaluation of Process Performance Indicators Approaches

Approach

Reference

The expressive capacity of PPIs

The integration level between PPIs and
Customizable Process Models

al., 2021)

1) Define a 11) Model I11) Consider 1V) Consider V) Model PPIs VI) Model PPIs VII) Model
variable the relation PPI Variability PPI independently of variability the relation
performance between by restriction. Variability by | the language used together with PPI-Activities
indicator. PPIs. extension. to model the BP. Customizable of a business
Process Models. process.
Business Performance (Kaplan et al.,
Measurement approach 1992) No es No No es No No
Business Process Execution (Friedenstab et al.,
Measurement approach 2012) No es No No es No Yes
Data warehouse Architecture (Ngo et al., 2019) No No No No Partially No No
Business intelligence approach (Negazsgocg)Gray, No Partially No No Partially No No
(Del-Rio-Ortega et .
PPINOT al., 2019) Yes Partially Yes No Yes No Yes
PPINOT V2 (Estrada-Torres et Yes Partially Yes No Yes Yes Yes
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2.3 SUMMARY AND IMPLICATIONS

As shown in section 2.2, regarding the performance measurement of business
processes, research efforts have been made by many approaches that propose
languages and architectures to monitor and define PPIs such as (Popova &
Sharpanskykh, 2010) or (Saldivar et al., 2016). However, these approaches do not
consider neither Customizable Process Models nor the PPI Variability. Other works
such as (Friedenstab et al., 2012) have extended the Business Process Model Notation
to define business process goals and performance measures, but do not consider any
type of variability. It is also worth mentioning that the standard Case Management
Model and Notation for decision modelling (OMG, 2016) considers the calculation of

the process-related measures but only for non-Customizable Process Models.

From the study of the state of the art, we conclude that BPMF (Business Process
Model Families) responds to the modeling requirements when an organization adopts
new BP activities. However, BPMF has not been designed to determine the impact of
Process Variability in the PPI calculation. Thus, when an organization explores its data
sources and uses them as part of a new process, there are no business-related PPI lists.
To propose candidate PPIs, managers must rely on their intuition, which causes some
PPIs to be redundant, increasing the necessary efforts and resources in its calculation
(Rodriguez et al., 2009). Thus, we propose to extend BPFM to guide and facilitate the
construction of new PPIs from existing ones. To cover the PPI Variability concern, we
were inspired by the PPINOT approach and to cover the Customizable Process Model
concern, we relied on the BPFM approach. Our purpose is to model PPI Variability to
facilitate PPI definitions (see chapter 3) as well as the integration of PPl modeling into

Customizable Process Models relying on BPFM constraints (see chapter 4).
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Chapter 3: Modeling Process
Performance Indicators
Variability integrated to
Customizable Process Models:
Approach Overview

This chapter presents an overview of our contributions. As explained in the
previous chapters, Customizable Process Models and PPIs are generally modeled
independently. We propose an integration of these two concepts to provide a method
and a tool to calculate new PPIs depending on the variants of a business process, as
well as to recalculate an existing PPI depending on the requirements and definitions of
stakeholders. To integrate Performance Indicator Variability with Customizable
Process Models, we first describe the main concepts of the Process Performance
Indicator Calculation Tree (PPICT) thoroughly described in section 3.1.1, which
allows the modeling of the PPI variability linked to Customizable Process Models
based on the Business Process Feature Model (BPFM) approach. Then, the Process
Performance Indicator Calculation (PPIC) method is proposed, which extends the
BPFM method, previously presented in the state of the art (cf. Figure 13). This is to
guarantee an adequate design of PPIs linked to a Customizable Process Model under

a framework relying on feature models.
Our contribution is based on three fundamental aspects:

I) The PPICT, a model to represent the variability of PPIs, i.e., a family
of PPIs (overview in section 3.1.1 and detailed in chapter 4).

I1) The PPIC method, which enables and guides the modeling and the
analysis of the PPI variability linked to Customizable Process Models
(overview in section 3.1.2, detailed in chapter 5 and validated in chapter
6).

I11) The PPIC Tool, which supports the PPIC Method (overview in the
section 3.1.3, detailed in chapter 7).
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These three main bricks of our proposal are briefly described in the first part of this
chapter and detailed in the further ones. The second part of this chapter presents the
human centered research methodology that has been put in place to build this work

and the experiments.

3.1 OVERVIEW OF THE THREE MAIN
PROPOSITIONS

3.1.1 THE PPICT OVERVIEW

Definition: Process Performance Indicator Calculation Tree (PPICT) (cf.
Figure 18) arises from the need to model and calculate the PPI Variability linked to
Customizable Process Models according to process variants and deployment
conditions. The PPICT proposes to model PPIs in the form of a tree where each leaf
corresponds to a PPI, and each branch corresponds to the link between PPIs. The
PPICT also proposes relationships between the activities of a Customizable Process
and one or more PPIs. The links between PPIs are defined as a parent-child relationship
in the tree. We call this link the relationship between a reference PPI and a variant PPI
(cf. Figure 18). The addition of a new PPI can imply the inclusion of execution of
another PPI (cf. Figure 18).

The PPICT is formalized through a metamodel (abstract syntax) and represented

with a graphical notation (concrete syntax) which will be presented in chapter 4.
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Figure 18 PPICT example

Modeling the PPIs as leaves of a tree allows a visible hierarchy between
indicators, which makes it possible to generalize the PPI root calculation and detail the
calculation of the PPI variants. When a new PPI level is added to the tree, it is
necessary to specify the calculation of the new PPI. The PPICT uses the set theory,
therefore all tuples of a variant PPI before applying any aggregation or any group by
are subsets smaller or equal to all tuples of its reference PPI before applying any
aggregation or any group by. For this reason, the PPI variant is totally dependent on
its reference. A PPI variant has only one parent. However, the PPICT allows the

calculation of a PPI variant depending on more than one reference PPI.

3.1.2 OVERVIEW OF THE PPIC METHOD

The PPIC method describes the process that must be followed to design, model
and calculate the PPIs linked to a Customizable Process Model that exists as an input
of the PPIC Method. This method allows the support of PPI Variability modeling
through five design stages, which are defined below and detailed in chapter 5.

) The PPICT design: this stage refers to the manual addition of all PPI
family members using the PPICT graphical notation. The goal is to build
the skeleton of the PPI tree for a given PPI family.
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I1) The PPI design: this stage specifies that all PPI family members must be
designed according to stakeholders’ definitions and design criteria. The
goal of this stage is to decide if the PPI should be mandatory or could be
optional, define the PPI representation (value representation, listing
representation, geographical representation or chart representation) as well

as to indicate the measure type.

I11) The BPFM and PPICT association: this stage refers to the association
between PPIs and the process activities of the existing Customizable
Process Model. The goal is to map PPI-Activity according to the
Customizable Process Model performance requirements with a process
modeled using the BPFM method.

IV) The PPICT configuration: this stage defines the configuration process of
PPIs family members. The configuration of a PPl depends on its status
(mandatory or optional) and on stakeholders’ specifications. The goal of
this stage is to define which PPl family members must be considered for
the customized process model, considering business regulations and

decision makers’ criteria.

V) The PPICT-BPFM configuration checking: this stage focuses on the
alignment between configured PPIs and configured activities. The goal is
to align the PPICT configuration with the BPFM configuration, i.e., check
if the PPICT configuration matches with the BPFM configuration. In other
words, this step checks which members of the configured PPI family do

not match with the BP configuration.

The PPIC method extends the BPFM method (Cognini et al., 2016). The PPIC
method does not exist as a separate entity. It necessarily requires the modeling of a
Customizable Process Model before step one of the PPIC Method. The PPICT can be
exploited independently since it allows the modeling of the PPI Variability without
considering the Customizable Process. The PPIC method requires different
stakeholders. For instance, for step 1, 2 and 3 a competence center is needed, which is
composed of process designers, PPl designers and PPl developers and decision-
makers. For step 4 only decision-makers are needed. Step 5 can automatically check

the PPI and process configuration (in our case, through a tool). The goal is to create a
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common framework between a Customizable Process Model, PPI Variability, and
business evaluation strategies (cf. Figure 19).
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3.1.3 OVERVIEW OF PPIC PROTOTYPE

The proposed prototype is based on a modeling tool called ADOxx’. The goal of
this tool is to implement the PPIC method based on the PPICT metamodel, allowing
the user to model a tree of PPIs linked to a BPFM model. The development was
inspired by the implementation of the tool supporting the BPFM method, which allows
developers and users to manipulate the concepts of the metamodel. The prototype
allows the modeling of PPI Variability but also Customizable Process Models, thus
enabling the alignment check between the PPI configuration and the displayed process

activities. The prototype is detailed in chapter 7.

The prototype is divided into two views. The first view is the individual
modeling of PPIs without any link to a Customizable Process Model. The second view
is the modeling of the PPI Variability linked to a Customizable Process Model. Each
PPI has a certain number of attributes to be defined. A PPI can be either a PPI reference
or a PPl variant. These attributes are presented as a form. Therefore, the user can select

or complete the characteristics, the calculation method and deployment conditions of

Figure 19 Steps of PPIC Method
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a PPI. This prototype is available on the OMLAB? page as a modeling tool for variable
PPIs linked to Customizable Process Models.

3.2 RESEARCH DESIGN RELYING ON THE THEDRE
METHOD

In this subsection we describe the research design and outline adopted to design
and develop our contributions and our proposed tool using user-centered experiments.
Our research relies on the THEDRE method (Traceable Human Experimental Design
Research) (Mandran & Dupuy-Chessa, 2018). The purpose of THEDRE is to define a
method to conduct Human-Centered Computer Science Research. The goal is to
involve humans in building and evaluating research contributions. THEDRE also aims
to improve exchanges between researchers and specialists in production and data
analysis to identify the limits of the research and to organize its experimental phases.

Concretely, the THEDRE method offers:

I) A global method for conducting research, divided into subprocesses and

blocks to better trace the research and its result, e.g., experimental material.

I1) A set of tasks and targets to check when seeking to assess the relevance of

research, e.g., check essential material for research or experiments.

I11) Example guides and management tools to conduct research and result

evaluations, e.g., interview guides.

3.2.1 Methodology

We rely on the THEDRE method since it allows us to lead user-centered
experimental methods (Mandran & Dupuy-Chessa, 2018). This method is a formalized
process to manage research with quality management tools. It allows its actors, e.g.,
researchers, developers and methodologists, to be guided at each step of a research
process. THEDRE has been structured according to the Plan Do Check Act (PDCA)
continuous quality improvement cycle. Plan for the research plan, Do for the
development of the experimental material and execution of experiments, Check for

the evaluation of the experiment results and Act for the communication of experiment

8 https://www.omilab.org/
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results and the validation of the proposition through research papers. After an Act
phase, we can start a new cycle or finish the research with communication. Below, the

four phases are detailed regarding our process:

PLAN: in this stage, we focused on research construction, and we set the
following three research targets to achieve concerning developments, experiments, and

communications.
)] How to integrate the PPIs into the Customizable Process Models?

1)) How to model and calculate the variable PPIs into the Customizable

Process Models?

1)  How to recalculate existing PPIs or calculate new ones according to the

Customized Process Model?

We have set the following experimental targets: 1) involve indicator developers
in the modelling of PPIs according to Customizable Process Models, 1) explore how
users express their PP1 definitions, and 111) identify users' modeling methodologies and

calculation practices of PPlIs.

DO (EXPERIMENT): in this stage we focused on the development of
experiments to assess the main concepts of our research instrument. Five experiments
with experts and five experiments with novices were carried out to validate the
proposed model concerning the creation of a modeling language for process
performance indicators. During this qualitative experiment, there were intercalated
practical work cases and discussion phases supported by interview guides. Thus,
experts and novices expressed their views individually on both improvements and
questions to know how clear the proposed concepts are and to know the point of view
of each participant about the contribution. We used independent, dependent, and
classificatory variables to define the research hypotheses. Thus, we caught the
approach taken by users and briefly discussed the data gathering procedures that were

used through observations, questionnaires, and interviews.

CHECK (CONTROL): at this stage we assessed the experimental results and
controlling targets. Some research targets were checked such as methodological
hypotheses and clarity of concepts. This step was crucial to design the experiments
and control the Progress of the research.
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ACT (BUILDING AND DECISION): during this stage, we obtained some
scientific knowledge from the experimental results and their limits. The results were
documented to communicate our progress and observe possible improvements to our
model and method to develop a software tool that would model PPI Variability linked

to Business Process Families.

COMMUNICATION: publication of results linked to the research instrument,
according to our real case study. This sub-process is the last step before iterating on a

new research question.
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Figure 20 Ph.D. process research based on The THEDRE Process (Mandran & Dupuy-Chessa, 2018)

In the next chapter we will explain in more details PPICT, the model proposed
to support and represent the PPI Variability linked to Customizable Process Models.
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Chapter 4: Process Performance
Indicator Calculation Tree
(PPICT)

This chapter presents our first contribution: the Process Performance Indicator
Calculation Tree PPICT. We define here the main concepts of our model: Process
Performance Indicator PPI, reference PPI, variant PPI, family of PPI, relations between
PPlIs, relations between PPIs and activities and rules concerning PPI variants and PPI

references. These rules are represented using relational algebra operators.

4.1 DEFINITIONS

Definition: Family of PPIs. We define a family of PPIs as a set of PPIs of the
same process family, these PPIs share common operators such as projections,
selections and joins. Likewise, a family of PPIs is defined as the calculation variability
of a set of PPlIs.

We use a Query Tree in relational algebra to illustrate a PPI. So that a family of
PPIs is the set of several Query Trees (cf. Figure 21). Each node of the indicator tree

represents a query operator: projection 7, aggregation Y, selection o, cartesian product
%, Union U, Difference \, Intersection N, Join X and Relational division =. Leaves

correspond to relations/tables. Due to these shared similarities, the development of a
family of PPIs improves the reuse and profitability of decision reports corresponding
to the Customized Process Models. A family of PPIs must be specified by a
competence center involving PPl designers, PPl developers and decision-makers.
Additionally, a family of PPIs is linked to a family of processes to measure and
evaluate the customized process model. For example, The Number of Contracts (NC)
PPI, which is illustrated in the NC tree of Figure 21 whose nodes are operators and

arcs represent the tuple stream
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Figure 21 Family of PPIs: PPI Query and relationship
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Figure 22 Database model of the family of PPIs

Below 3 examples of PPI expressed in SQL are illustrated.

For the PP1 NC Number of Contracts, the associated query is:
SELECT count(pds.id)
FROM contrats psd;

For the PPI NAC Number of Active Contracts, the associated query is:
SELECT count(pds.id)

FROM contrats psd
WHERE pds.enddate IS NULL;

For the PPI NASC Number of Active Signed Contracts, the associated query is:
SELECT count(pds.id) FROM contrats psd

INNER JOIN scignedcontrats spds ON spds.id
= pds.id

WHERE pds.enddate IS NULL;

Short Definition: PPICT. We define a Process Performance Indicator
Calculation Tree (PPICT) as a tree of PPIs that captures how PPIs can be calculated,
modeled, linked and reused in the context of a Customizable Process Model. A PPICT

is a model of PPIs organized as a tree with just one PPI root and several PPI leaves.

To model a family of PPIs, a PPICT provides a global representation of PPI
calculation through the systematic modeling of variability and common points of PPIs.
Indeed, the PPICT defines the available PPI members of a family of PPIS and
dependencies between them. The PPICT approach aims at combining BP family and
PPI family modeling relying on the aforementioned Business Process Feature Model
(BPFM). Below, we propose definitions of modeling PPI families represented in the
PPICT approach. We extend the PPI definitions proposed by (Estrada-Torres et al.,

2016) including relations between PPIs and process activities.
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A PPI is a quantifiable metric focused on evaluating the performance of a
business process in terms of effectiveness and efficiency (Estrada-Torres et al., 2016).
PPIs are directly measured by data generated within the process flow and are used for
process controlling and continuous optimization (Del-Rio-Ortega et al., 2013). A PPI
is calculated by using a set of tuples represented either as a value, a percentage, a list,
a map or a chart.

A family of PPIs allows the management and evaluation of the process
performance. It may be computed regarding a calculation, i.e., the result of the
computation of a PPI, which is referred to an aggregation or a group by of tuples of a
PPI. A PPI can be calculated differently depending on:

)] the desired process model customization, i.e., the process variant

customized for a particular context

1) the definition of metrics by stakeholders, i.e., the stakeholder's
requirements for process analysis, e.g., having different definitions of an
e-contract (contract signed by mail only, contract sent and signed by a

web portal)

[11)  the activities involved, i.e., the activities used to calculate a PPI. For
example, to calculate the PP1 Number of Sent and Signed Contracts, it is
necessary to use the data that is generated by the send contract activity

and the sign contract activity.

Definition: Reference PP1. We define a Reference PPI as a PPI that serves as
the basis for calculating its variant PPIs (cf. Figure 23) denoted as R. PPI (cf. Figure
24). Figure 21 shows an example where the Number of Contracts NC is the reference
PPl of the Number of Active Contracts NAC PPI. In this example, the operator
Opas.end_daate = Null is added into the original query of NC to extract only Activated
Contracts. It can also be seen that NAC is the reference PPI of NASC. In which the
added the operator ™, ;4= scpas ia and psc extract only the active signed contracts.
This means that every variant PPl only adds operators to the original query of its

reference PPI. i.e., a variant PPI does not delete any operators from its reference PPI.

The operators that a reference PPI can use are projection, aggregation (count()
max(), min(), sum(), average()), selection, renaming, intersection, difference and join.

For instance, the reference PPl Number of Contracts has:
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e the projection Ty
o the aggregation Y; count(pds.id) - NC
« the relation p,4s Contracts

e the renaming NC and pds.

Any of these operators can be added in a variant PPI if all tuples of a reference
PPI contains all the possible tuples of this variant PPIs. All tuples of variant PPIs must
be a subset of the PPI before applying any aggregation or any Group By are subsets
smaller or equal to all tuples of its reference PPI before applying any aggregation or

any Group By (cf. Figure 21).

Definition: Variant PPIl. We define a Variant PPl as a PPI derived from its
reference PPI (cf. Figure 23) denoted as V. PPI (cf. Figure 24). For this reason, all
tuples of a variant PPI before applying any aggregation or any group by are subsets
smaller or equal to all tuples of its reference PPI before applying any aggregation or
any group by. This inclusion rule is called y, i.e., u(V.PPI) € u(R. PPI). This means
that a variant PP1 must only have one reference PPI that meets this condition. A variant

PPI contains at least:
e The same projections as its reference, e.g., Ty
e The aggregation Y; count(pds.id) - NC
« The same joins as its reference, €.9., Mp4s ia= sc.pds. ia
« The same relations as its reference, e.g., ppqs Contracts

e The same selections as its reference. e.g., o pds.end_date = null

A variant PPl cannot remove any operators from the reference PPI. A variant
PPI can have a different graphical representation than its reference PPI and its siblings
derived from the same reference. A new representation of the reference PPI implies a
new variant PPl. For example, if the reference PPI representation is a value and a

percentage needed, a new variant PPl must be calculated.

Extended Definition: PPICT. We define a PPICT also as a set of PPIs organized
in a tree, where the tree’s root identifies a family of PPIs (cf. Figure 23, PPI1). Each
PPI of the internal tree structure is a PPI reference of another PPI, i.e., each PPI that is

not a tree leaf is a reference PPI including the root (cf. Figure 23, PPIl1 ; PPl12).
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Regarding PPI leaves, they are variants of a PPI reference (cf. Figure 23, PPl11 ;
PPli21 ; PPlia1; PPI13). Additionally, all PPIs of the internal structure except for the
PPI-root are also variants of a higher-level PPI, i.e., the only PPIs that have a single
role are the PPI leaves with variant roles and the PPI-root with the reference role (cf.
Figure 23). Additionally, the PPICT manage different calculation levels such as PPI
specifications, connections and constraints between reference PPl and variant PPIs
(Depend on constraint and Based on constraint). These constraints are detailed in the

next section as well as the constraints between PPIs and process’ activities.

Root : PPl Family

PPIy
reference
o
Internal tree’s  gepe™® &
° 30° >
structure ot )
@
Q
variant variant variant,
PPI11 PPI, PPl 5
reference -
Leaves S
e
variant
PPl121 PP| 131

Figure 23 Process Performance Indicator Calculation tree (internal tree’s structure)
4.2 PPICT CONSTRAINTS

The rules that guide users to link the BPFM and the PPI Tree are presented here.
The PPICT’s constraints are divided into 3 groups: Binary, Multiple and PPI-Activity
constraints. These constraints represent both dependencies between PPIs and
associations between PPls-activities. Every individual variant PPl added to the tree
must be connected to its reference PPI in a binary relationship. A PPl can be the
reference of several individual variants, but a variant PPl depends on only one

reference.

PPICT Binary Constraints are defined as follows:
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Definition: Depend-on. We define a Depend-on constraint as a constraint
that applies the rule u(V.PPI) < u(R. PPI) which specifies that all tuples
of a variant PP1 before applying any aggregation or any group by are subsets
smaller or equal to all tuples of its reference PPl before applying any
aggregation or any group by. In Figure 24, Binary constraints show how the
PPIs are related using the constraint Depend-on. An example of this
constraint is the relation between Number of Contracts and the Number of
Active Contracts of the Figure 21. This constraint is mandatory to add PPI

variants.

Definition: Based-on. We define a Based-on constraint as a constraint that
specifies that a variant PPI could be based on one or more reference PPIs,
(cf. Figure 24 Binary constraints). This constraint is optional. When there
are two or more possible reference PPIs, one is chosen, which becomes the
reference PPI using the constraint Depend on and the others become based-

on.

Every group of variant PPIs added to the tree must be connected to its reference

PPI through a multiple relationship. For this, we propose PPICT Constraints, detailed

below, which specify the dependency between a PPI and a group of PPIs to determine

their role in the tree. A PPI can be the reference of a group of variants, but each variant

must have only one reference.

PPICT multiple Constraints are defined as follows:

Definition: Overlap Constraint. We define an Overlap Constraint as a
constraint that specifies the intersection Overlap between variant PPIs of the
same reference PPI. Thus, all resulting tuples of this intersection between
variant PPIs, before applying any aggregation or any group by, are subsets
smaller or equal to all tuples of its reference PPI, before applying any

aggregation or any group by, ie, p(V.PPL) Nu(R.PPl;) <
w(R.PPI) where w(V.PPI;) € w(R.PPI) and p(V.PPI;) S p(R.PPI)
(cf. Figure 24).

Definition: Disjoint Constraint. We define a Disjoint Constraint as a

constraint that specifies the intersection Disjoint between variant PPIs of the

same reference PPI. Thus, all resulting tuples of this intersection between
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variant PPIs, before applying any aggregation or any group by, are equal to
zero @, i.e., w(V.PPI;) N u(R.PPI;) = @,where u(V.PPI;) € u(R.PPI)

and u(V.PPI;) € p(R.PPI). Thus, all intersections between variant PPIs

are disjoint sets (cf. Figure 24).

o Definition: Complex Constraint. We define a Complex constraint as a
constraint that specifies that the intersection between variant PPIs of the
same reference PPI is Complex. Thus, all resulting tuples of this intersection
between variant PPIs, before applying any aggregation or any group by, can
be subsets smaller or equal to all tuples of its reference PPI, before applying
any aggregation or any group by or can be equal to zero @, i.e., intersections

between variant PPIs can be overlapping or disjoint sets.

PPICT Constraints Mandatory PPICT Rules
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Figure 24 PPICT Constraints and Rules: each constraint respects one or more
modeling rules
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4.3 PPICT-ACTIVITY CONSTRAINT

Since the PPIC method is an extension of the BPFM method, it is necessary to
link the PPI family modeling with the BP family modeling. In this sense, we propose
the PPI-Activity Constraint, which defines that an activity can have zero or several

associated PPIs and that a PPl must have at least one associated activity to be

calculated:

o Definition: PPI-Activity Constraint. We define a PPI-Activity Constraint
as the mapping of a PPl with at least one activity of the BP family, i.e.,
BPFM Model (cf. Figure 25). This mapping M seeks to identify the activity
or activities to be evaluated with an indicator. For example, in Figure 25 M1

links the reference PPl R.PPI and Activity A.

BPFM Constraints PPICT Constraints Mandatory PPICT Rules

Where \.PPli and VPPIj are
variant PPIs of R.PPI

=]
i
M1

V.PPIi V.PPlj
M1. M1.

Mapping
PPI-Activity

Legend
A = Activity Ai = Activity child An = Activity child R.PPI = Reference PPl V.PPI = Variant PPl M = PPI-Activity Mapping

Figure 25 PPICT-BPFM CONSTRAINT

Essentially, PPICT constraints associate PPIs to the BPFM model, and design
PPI family models. The next section presents the PPICT Metamodel, which formalizes

the definition of the constraints and the links with PPIs.

44 THE PPICT METAMODEL

This section presents the PPICT metamodel, which supports the PP1 Variability
modeling. The PPICT metamodel is represented in UML, it describes the concepts
that have been described before without the mapping which will be detailed in the next

chapter. The PPICT metamodel uses the notion of PPI as a central point of calculation

conditions and constraints.
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PPICT Metamodel
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<<Abstract>>
Multiple PPI Constraint

Period Deadline StateCondition
- from : Date - deadline : Date - state: String
-to: Date
<<Abstract>> <<Abstract>> <<Abstract>>
TimeCandition Conditions EntitiesConditions
N 1
L N - entity: String
input -> 0.1 0
limited by
1 conditioned by
0* <-output
<<enumeration>> <<enumeration>>
Include -> MeasureAggregation MeasureRepresentation
1
1 foa 1 sum Value
Max Listing
PPI Min Geographical
0.* + name: String Average Chart
+ longName : String Count
+ definition : String
<<ehumeration>>

+ ppiConfiguration :

+ ppiTypeMandatory : Bolean

Bolean

0l + measureType : MeasureType

+ aggregationType :

MeasureAggregation

+ graphicalRepresentation : MeasureRepresentation

1 2% 1
0,1
e 20 bounded by

+ multipleConstraint : MultipleConstraint

0,1 <-output

1

input ->

<<Abstract>>
PPIEvaluation

<<enumeration>>
MeasureType

Number
Percentage
Propartion
Delay
RespectRate

+ unit : String

<<enumeration>>
MultipleConstraint

LinearEvaluaion

- targetValue : Double

- worstValue : Double

- thresholdValue : Double

OverloapConstraint
DisjointConstraint
ComplexConstraint

BinaryConstraint

BasedOn
DependOn

Figure 26 Metamodel of Process Performance Indicator Calculation Tree PPICT
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Figure 27 PPICT Concrete Syntax

4.4.1 PPICT Metamodel Classes

PPI class: represents the process performance indicator and the necessary
information to calculate it. Every PPl must be easily identified by stakeholders.
Therefore, a short name attribute and a long name attribute are included in this class,
e.g., as long name we can have Number of Active Signed Contracts and as short name
NASC, cf. Figure 26.

Conditions Class: a condition represents dependencies of a PPI regarding a
particular value of a date or entity. Every PPI added to the tree could have conditions

regarding the value of an entity, i.e., the value of an attribute of a table.

Entities Conditions: we use the Entities Conditions to define a filter to apply

ina PPI, i.e., selection (o operator).

e State Condition is a sub class of Entities Conditions which specifies a
particular filter to be applied to an entity, i.e., applying a filter with a
particular value of an entity. An example of this condition can be when
we are looking for the Number of Send Contracts in Paris. In this case

the entity is the city, and its value is Paris.

Every group of variant PPIs added to the tree could have Time Condition
regarding the space of time Period and Deadline. These conditions depend directly on

the result that is sought from a PPI in terms of temporal duration and time limits:

e Period is a sub class of Time Condition which specifies the filter to
apply regarding the space of time that the PPI considers. This condition
uses the duration between FROM and TO of a SQL language. An
example of this condition could be when the distributor wants to know
the Number of Sent Contracts by Email between 01/01/2022 to
12/31/2022.

e Deadline is a sub class of Time Condition which specifies the filter to

apply regarding a limit date that should not be exceeded. For instance, a
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deadline condition could be designed at 12/31/2022 Hence, for the PPIs
Number of Sent Contracts before the 12/31/2022, what is sought are all

contracts signed before this deadline regardless of the start date.

Constraint: as mentioned before, the PPICT constraints are divided into 3

groups: binary, multiple and PPI-Activity, which are detailed below. These Constraints

represent both dependencies between reference PPIs and variant PPIs and between PPI

and Activites . An input and an output relation are represented in the metamodel to be

implemented on the metamodeling platform ADOXX.

The Binary PPI Constraints class specify the relation between PPIs when each

individual variant PPI that is added to the tree must be connected to its reference PPI

using a Binary Constraint Enumeration:

A Depend-on constraint specifies that all tuples of a variant PPI before
applying any aggregation or any group by are subsets smaller or equal to all
tuples of its reference PPI before applying any aggregation or any group
by. For example, a contract that was activated this week will be part of the
PPI Number of Active Contracts this week, but it will be also part of the PPI
reference Number of Active Contracts.

A Based-on constraint specifies that all tuples of a variant PPl before
applying any aggregation or any group by are subsets smaller or equal to all
tuples of various reference PPI before applying any aggregation or any
group by. For example, a contract that was signed and activated this week
will be part of the PP1 Number of Active Contracts this week and part of the
PPl Number of Signed Contracts this week. That is why the variant PPI
Number of Signed and Active Contracts this week could potentially have 2
reference PPIs. In this case the variant PPI must have just one reference PPI

but it is also based on one reference PPl more.

The Multiple PPI Constraints specify the dependency between a reference PPI

and a group of PPI variants using a Multiple Constraint Enumeration:

e An Overlap constraint specifies that all tuples of a variant PPI before
applying any aggregation or any group by are subsets smaller or equal
to all tuples of its reference PPI before applying any aggregation or any

group by, i.e., all intersections between variant PPIs are overlap sets. An
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example of this constraint can be when a contract is sent by email and by
a web portal (cf. Figure 30). This contract will be part of the PPl Number
of Contracts Sent by Email and part of the PPI Number of Contracts Sent
by Portal.

A Disjoint constraint specifies that all intersections between PPI
variants are equal to zero @, i.e., all intersections between variant PPIs
are disjoint sets. An example of this constraint can be when a user signs
a contract. It could be done either by email or by a web portal but not by
both platforms, cf. Figure 30. Hence, the signed contract will be part of
the PPI Number of Sent Contracts by Email or part of the PPI Number of
Sent Contracts by Portal.

A Complex constraint specifies that all intersections between variant
PPIs can be equal to zero @ or not, i.e., intersections between variant
PPIs can be disjoint sets or not. For instance, a contract can be designed
and sent but not yet activated, cf. Figure 30. Hence, this contract will be
part of the PPIs Number of Designed Contracts and Number of Sent

Contracts but will not be part of the PPl Number of Active Contracts.

According to the link between a PPI with one or more activities of the process

model it is necessary to propose a class that manage this relation :

« PPI-Activiti Constraint specifies that an activity can have zero or several

associated PPIs and that a PPl must have at least one associated activity

to be calculated:

Regarding the evaluation of an instance of a PPl we propose an abstract class

called PPI Evaluation with just the attribute of unit. This unit depends on what the

user wants to evaluate.

Linear Evolution is a sub class of PPl Evaluation which specifies the
minimum, average and maximum possible value of an instance of a PPI.
These values are chosen carefully by decision-makers who evaluate de

the results of each instance and a set of instances.
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4.4.2 PPI Class Attributes

A PPI has an attribute Measure Type that determines how it is calculated

depending on the result that the client is looking for. We define each measure type as

follows:

Measure Type:

(@]

Number specifies the PPI calculation according to the number of
tuples, before applying any aggregation or any group by, that validate
a predicate, e.g., 83 Contracts are Active.

Percentage specifies the PPI calculation according to the percentage of
tuples, before applying any aggregation or any group by, that validate
a predicate, e.g., 60% of Contracts are Active.

Proportion specifies the PPI calculation according to the proportion
between tuples, before applying any aggregation or any group by, and
a target value, e.g., (3/5) 3 out of 5 Contracts are Active.

Delay specifies the PPI calculation according to the difference between
creation dates of tuples, before applying any aggregation or any group
by, e.g., 3 Delay Days in Activating Contracts (Datetoday -
Datedeadline).

Respect Rate specifies the PPI calculation according to the proportion
of the difference between two dates and a target value, e.g., (3/2), 3
Current Delay Days in Activating Contracts compared to 2 Maximum

Delay Days Allowed by Law (Datetoday — Datedeadline)/Value.

Furthermore, every PPI has an attribute Graphical Representation to visualize

tuples in different ways, depending on the type of information that the decision-maker

wants to analyze, cf. Figure 26. We define each measure representation as follows:

Graphical Representation:

©)

Value representation is a type of representation that allows the
visualization of a set of tuples as a value, e.g., 83, 60%, 5/3, 3 or 3/2
after applying an aggregate or a group by.

Listing representation is a type of representation that allows the
visualization of a set of tuples as a listing. It requires additional

projections to analyze complementary information linked to tuples, e.g.,
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Contract Creation Date, Contract Activation Date, Contract holder,
Holder’s phone, among others.

Geographical representation is a type of representation that makes it
possible to geographically visualize a set of tuples. It requires grouping
the geographical tuples, e.g., by City.

Chart representation is a type of representation that allows the
visualization of a set of tuples as a Chart. It requires grouping tuples
regardless of their type, e.g., by Year, by Type of public service, among

others.

Likewise, every PPI has the attribute Aggregation Type to aggregate tuples in

diverse ways. It depends on the type of performance indicator that the decision maker

wants to analyze, cf. Figure 26.

e Aggregation Type:

(@]

Sum: the SUM() aggregation function is the adding of positive values
and subtracting of absolute values from negative values.

Count: the COUNT() aggregation function is used to count the number
of tuples in a table. Knowing the number of rows of a table is especially
useful in many cases, for example knowing how many users are in a
table.

Avg: the AVG() aggregation function is used to calculate an average
value over a set of numeric and non-null type tuples.

Min: the MIN() aggregate function returns the smallest value from a
selected column. This function applies to both numeric and
alphanumeric data.

Max: the MAX() aggregation function returns the maximum value of a
column in a record set. The function can be applied to both numeric and
alphanumeric data.

Additionally, a PPI can be optional or not, according to the business context or

decision makers requirements, for instance, we must include the PP1 Number of Signed

Contracts or not.

e PPI Type Mandatory:
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o A PPI Type specifies if the PPI is optional or mandatory. This attribute
is a Boolean, whose value is true if the PPI is mandatory (cf. Figure 27

for concrete syntax and Figure 26 for abstract syntax).

A PPI can be configured optionally or not, according to the business context or
decision-makers’ requirements, for instance, we can configure or not the PPI Number

of Signed Contracts.
e PPI Configuration:

o A Configured PPI specifies that a PPI has been selected to be deployed
for a given process variant, regardless of its optional or mandatory
status. This attribute is a Boolean, whose value is true if the PPI is
configured, (cf. Figure 27 for concrete syntax and cf. Figure 26 for

abstract syntax).

The other 3 attributes are string and describe a PPI giving it a name, a long
name, and a description about the target of the PPI.

4.4.3 Direct Relation Between PPIs

The selection of a PPI may imply the inclusion or exclusion of another PPI according

to stakeholders’ requirements.

e Include refers to the configuration of a PPl when another PPI is
configured. In other words, it corresponds to the selection of a PPI (B)
member of a family of PPIs during the configuration phase due to the
selection of a PPl (A), i.e., if a PPl (A) is selected during the
configuration phase, the PPI (B) has to be selected. For instance, if a
distributor wants his customers to sign the subscription contract (Number
of Signed Contract — PPI (A)), it is necessary to first send the designed

contract to the customer (Number of Sent Contracts - PPI (B)).

e Exclude refers to the non-configuration of a PPl when another PPI is
configurated. In other words, the non-selection of a PP1 (B) member of a
family of PPIs during the configuration phase due to the selection of a
PPI (A), i.e., if a PPI (A) is selected during the configuration phase, the
PPI (B) should not be selected. For instance, the PPI(A) Number of
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Signed Contracts by Portal excludes the PPI(B) Number of Signed
Contracts by Email, if a distributor wants his customers to sign the
subscription contract only by a portal. In this case, it is necessary to rule

out the possibility to sign the subscription contract by email.

45 PPICT METAMODEL INSTANCE

The PPICT metamodel formalizes the PPICT considering the measure type,
measure representation, measure aggregation and PPI type. In Figure 28, we show an
instance of the PPICT metamodel based on the following definitions and rules that
allow the modeling and management of PPI Variability:

I) The definition of the PPICT.

I1) The definition of PPI reference.

[11) PPI variant definition.

IV) Definition of the relation between PPIs.

V) Rules of belonging of PPI variant and PPI reference.

Figure 28 shows a PPI family called Number of Contracts, where there are 4
levels of hierarchy. The root PPl Number of Contracts has 4 PPI variants related by a
Complex constraint. Likewise, the PPI Number of Sent Contracts has 2 variants
related by an Overlap constraint. The PPl Number of Signed Contracts has 2 variants
related by a Disjoint constraint. Each of the individual relationships in a continuous
line refers to a Depend on constraint. In addition, the dotted lines refer to a Based-
on constraint. The PPI Number of Active Signed Contracts depends on the PPI

Number of Active Contracts and is based on the PPI Number of Signed Contracts.
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Figure 28 PPICT Metamodel instance

All PPIs in the Number of Contracts family have a Number value as well as
measurement type and an aggregation type COUNT(). The PPIs Number of Contracts
and Number of Active Contracts are the only two mandatory PPIs which have been
configured. Most of the other PPIs are optional and have not been configured. The
only optional PPI that has been configured is the Number of Design Contracts. The
only Include relation in our example is that of the PPI Number of Signed Contracts,
which, if configured, implies the configuration of the PPl Number of Sent Contracts
in the same way. The Time condition is represented in the PPl Number of Active
Signed Contracts in Paris by Portal Between 01/01/2022 and 12/31/2022. The State

condition is represented in the PPI Number of Active Signed Contract in Paris.

In this chapter we described the PPICT Metamodel and the PPICT. We also
defined the basis for our next contribution detailed in the next chapter, which presents
the Process Performance Indicator Calculation Method (PPIC Method).

4.6 PPICT CONCLUSION

The PPICT facilitates PPl queries, because the new variant PPIs will have the
correct query structure. It allows us to use the right attributes, tables, joins and
conditions. Having a common structure between PPIs optimizes the calculation-time

of new PPIs. The PPICT gives a partial view of the data model allowing users to
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understand how tables are joined and which attributes are used for aggregations and
joins. The PPICT also permits organizations to capitalize the modeled PPIs and
provides correct syntax for new developers. PPICT is a language designed for
decision-makers and PP developers in order to analyze a process variant and to model

and calculate PPls.
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Chapter 5: Process Performance
Indicator Calculation Method
(PPIC Method)

This chapter presents the Process Performance Indicator Calculation method
(PPIC Method) and the PPIC metamodel which is an extension of the PPICT
metamodel presented in chapter 4. The PPIC method extends the aforementioned
BPFM method (Cognini et al., 2016) by integrating design stages to model and

calculate PPIs within Customizable Process Models.

5.1 PPIC METHOD STAGES

The PPIC method describes the process that must be followed to design, model
and calculate the PPIs linked to a Customizable Process Model. In this section, we are
going to detail how the PPIC method supports PPI Variability modeling through five

design stages:
I) PPICT design.
I1) PPI design.
[11) BPFM and PPICT association.
IV)PPICT configuration.

V) PPICT-BPFM configuration checking.

BPFM Method Configured BPFM
BPFM Model BP Fragments BP Variant

[ | ePemMocel BPFM ragment
Reguarty Design | E C E erivatiol
o= 3 cf'

BPMN

BP Variant

Process Process
Competence | Designers 4 Generator Designers
Center
—
PPICT
PPICT STEP5
STEP3 -
PPICT Configuration
Competence  BPFM-PPICT Checking PPICT
Center Association checker
ey ERICT) 2 PRICT y
STEP1 . STEP2 STEP 4
PPICT o] PPIs R PPICT
Design | I--4'|\-I Design 4 D4 Gonfiguration | N
5 D5 ey g E_‘!j 5_: p
i Decision
Cor(r;pe:ence RIS Competence Deglgrsed Makers Configlieed[RRlCH
enter
Center PPIC Method

Figure 29 PPIC Method steps (bottom box) and BPFM Method (top box)
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In each step, we will systematically use the running example Create Contract
Process. This process is described with nine activities, two of which are sub processes.
We model this process using BPFM notation (cf. Figure 30), which could be deployed
differently according to the configured activities. To create a contract, it is necessary
to design the contract, i.e., collect user information and fulfil their conditions. Then
the user could sign or not the contract sent by mail or by the portal to finally activate
it.

BPFM

Create Contract

-

Design . Activate
Contract Send Contract i« e » Sign Contract Contract

VN

Send Contract || Send Contract || Sign Contract || Sign Contract

By Email By Portal By Email By Portal
Legend
‘ Mandatory é Special Case AXOR Selection A Inclusive
d) Optional [ Activity [ Configured Activity

Figure 30 Create Contract Process modeled using BPFM notation.

Step 1, PPICT Design: refers to the manual addition of all PPI family members
using the PPICT metamodel. PPICT Design allows the representation PPI Variability
by adding PPIs depending on stakeholders’ requirements. This stage must be carried
out by a competence center which includes domain experts, BP designers and decision

makers to build the PPI family.

In this step, it is essential to know which activities could be used in the process
that we want to evaluate. The BP designed adds each PPI to the PPICT using the
depend on and based on constraints seen in the chapter 4. Given that the PPICT has
been designed following our PPI Variant definition, it is necessary to have the tables
used by each process activity as an input. To do this, process designers must know the
data model and the link with activities or have access to the process execution record

detailed in step 3. Below are the stages to design a PPICT.
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I) Place the PPIs according to PPICT definition seen in chapter 3 and use
as a base the Query Tree to model the family of PPIs.

I1) Assign the right constraint to relate reference and variant PPIs.

I11) Choose the Measure Type of the PPIs to determine how PPIs are
calculated depending on the result that the client is looking for, e.g.,
Number, Percentage, Proportion, Delay and Respect Rate Type.

IV) Choose the Measure Representation to visualize PPI’s tuples, e.g., value,

listing, geographical and chart representation.

V) Choose the Measure Aggregation to aggregate PPI’s tuples, e.g., count(),

max() etc.
In this step, we design the PPICT in the following ways:
)] By adding the PPI root into the PPI family tree to evaluate a BP family.

1) By adding new PPI variants of existing PPIs according to stakeholders’

requirements.

For instance, the Root reference PPI Number of Contracts is a mandatory PPI
with a measure type Number, a measure aggregation Count, and a measure

representation Value, i.e., the value of the PPI.

A tree like the one illustrated below in Figure 31 is the output of this stage and
the first step to build a PPICT.
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! Measure type: Number Number of PPICT
 Measure aggregation: Count T Contracts
i Measure representation:Value |
Number of . .
Designed Number of Sent | |[Number of Signed Number of Active
Contracts Contracts Contracts Contracts
© ©
Number of Number of Number of Number of .
Contracts Sent || Contracts Sent ||Contracts Signed| | Contracts Signed | - glursggrccgrﬁg::‘fcg
By Email By Portal By Email By Portal 9
Number of Active
................................ Contracts Slgned
By Portal
Legend
| Depend on Overlap & Complex Disjoint Optional PPl 4 Based on

Figure 31 Example of step 1: Family Number of Contract

Step 2, PPIs Design: in this step all PPl family members must be designed

according to stakeholders’ definitions and design criteria as detailed in the PPI class

in chapter 4. In this stage the competence center, which includes domain experts, BP

designers and PPI calculation experts must make the following decisions design:

)] Inclusion of PPI (B) due to the configuration of PPI (A)

1)

1)
in Figure 32)

V)
in Figure 32)

Exclusion of PPI (B) due to the configuration of PPI (A)

Optional PPI to specify if a PPI could be configured optionally (white box

Mandatory PPI to specify if a PPl must be configured by default (gray box

Example: we have two mandatory PPIs, and the rest are optional PPIs, cf. Figure

32. In our example, we have only inclusion, if the PPI Number of Sent Contracts is

deployed, the PPI Number of Signed Contracts must be deployed too.

76 Process Performance Indicator Calculation Method (PPIC Method)




PPICT

Number of
Contracts
/\V\
%"é"s"ib?‘regf Number of Sent | [Number of Signed|, | Number of Active
Cont?acts Contracts Contracts Contracts
®| e O
Number of Sent|| Number of Sent Number of Number of Signed ;
Contracts By Contracts By ||Signed Contracts Contracts By glur:11§de %‘gﬁg&g
Email Portal By Email Portal 9
Number of Active
Contracts Signed
By Portal
Legend A Basedon

| Dependon /) Complex [rr] Optional PPl  <— Include

Overlap A Disjoint  [PPI] Mandatory PP| <> Exclude

Figure 32 Result of step 2 PPI Design — Mandatory PPI (natural language view)

Step 3, BPFM-PPICT Association: enables the BPFM and PPICT association.
This stage uses the PPI-Activity Mapping constraint of the PPICT relying on the
BPFM Model to associate all PPIs of the tree, i.e., all PPl Family members, to the
activities of the process model. This stage must be done manually using the PPI-
Activity Mapping constraint.

Example: Figure 33 (Left part) shows all the activities of the Create Contract
process family, which are described using BPFM notation (Cognini et al., 2016).
Figure 33 (Right part) shows all PPIs designed to evaluate the Create Contract process
family. The Mapping PPI-Activity (M) is shown here, e.g., between the PPI Number
of Contracts and the activity Create Contract or between the PPl Number of Active
Contracts and the activity Activate Contract. The mapping PPI-Activity is done
relying on each activity or group of activities that are linked to the data model of a
software application, i.e., activities that generate data during their execution. This
information can be found through the Process Flow Execution Record present by
default in some software applications such as the INCOM’S one, cf. Figure 34. This
record contains all tables and attributes used by each activity in a process. Sometimes
this record could include the attributes used to execute the process. This record is
detailed in section 5.2, Table 13.
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Figure 34 Example of Activity generating data

When the mapping between PPIs and activities is done, all PPIs must be
calculated using languages that allow it. This is possible because the link PP1-Activity
was made to identify the tables and attributes to use. For instance, a PPICT like the
one illustrated in Figure 35 uses SQL queries to calculate the PPIs.

SELECT wtn‘l(EISTIICTCJD]
FROM CONTRACTS;

PPICT

*

SELECT count{DISTINCT PD5.1D)
FROM CONTRACTS

WHERE DESIGH_CONTRACT=1; ON SEC.ID_CONTRACT

SF_LECT countiDISTINCT PD5.1D)
ONTRACTS C
INNER JDINT SENDCONTRACT SEC
=ClD;

SELECT count{DISTINCT PD5.1D)
ROM CONTRACTS PDS
INNER .IOINT SIGNEDCONTRACT SIC
ON SICID_CONTRACT =PDS5.ID;

SELECT count{DISTINCT PD5.ID)
FROM CONTRACTS FDS

[

WHERE CACTIVECONTRACT=1;

)

[

inglude

Q

SELECT g%usnlﬂD[;I STINCT SELECT counﬂ DISTINCT
FROM CONTRACTS PD'S
INNER JOINT
SENDCONTRACT SEC ON
SEC.ID_CONTRACT = FDE.ID
INNER JOIN EMAILSENT ES
OM ES.PD5_ID =PD5.ID;

FROM CONTRACTS PD3
INNER JOINT
SENDCONTRACT SEC ON
SECID_CONTRACT =PDS.ID
INNER JOIN PORTALSENT PS5
ON P5S.PDS5_ID = PDS5.ID;

\

SELECT count{DISTINCT
PD5.I0) FROM CONTRACTS
FDS
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SIGNEDCONTRACT SIC ON
SICID_CONTRACT = PDSID
INNER JOIN EMAILREQUEST
ER ON ER. PD5_ID = PD:5.1D;

SELECT countiDISTINCT C1D) SELECT count3ISTINCT
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RACTS P
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SIGNEDCONTRALT SIC ON
SIC.ID_CONTRACT =PDS.ID |
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Figure 35 Example of PPI design (SQL view)
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Step 4, PPICT Configuration: defines the configuration of PPI family members
by the client. The configuration of a PPl depends on:

)] Mandatory indicators required by regulatory entities.
1)) Stakeholders’ requirements to evaluate their BP variants.

The PPICT Configuration allows the definition of PPIs family members that
need to be included into the BP variant considering business regulations and decision
makers’ criteria. This step is done semi-automatically since mandatory PPIls are
automatically configured. Optional PPIs must be manually configured, i.e., manually
chosen. The configurated PPI at this stage could be deployed if there is a PPI-Activity
match according to the BP variant that has been configured.

Example: at this stage, decision makers configure the PPIs that they consider
convenient to evaluate their process variants according to stakeholders’ definitions and
criteria. Figure 36 shows three configured PPIs (rectangles with a thicker border):
Number of Contracts, Number of Active Contracts and Number of Designed Contracts.

Decision makers can choose any optional PPI.

Number of PPICT
Contracts
M1
/j‘:/
%“e“;iber of || Number of Sent | [Number of Signed|, Number of Active
gned c Contract g Contract
Contracts ontracts ontracts e
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Contracts By Contracts By ||Signed Contracts Contracts By " g:’;,"ggggglﬁggg
Email Portal By Email Portal
M1,2,1 M1,2,2 M1,3,1 M1,4 TM1,3,2 M1.4 M1,3 M1.4
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Legend M1,3,2 M1,4
<> Exclude “— Include * Based on M PPI-Activity Mapping
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Qverlap Disjoint Mandatory PPI Configured Mandatory PPI

Figure 36 PPICT Configuration: configuration of Number of contracts, Number of Active Contracts
and Number of Designed Contracts
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Step 5, PPICT Configuration Checking: aligns the PPICT configuration with
the BPFM configuration, i.e., checks if PPICT configuration matches with BPFM
configuration. PPICT Configuration Checking allows users to check which members
of the configured PPI family do not match with the BP configuration. Thus, the
competence center must change configured PPIs to include them into BP variant or
change the BP configuration. Currently, the method does not prevent errors during the
configuration phase, therefore if there is any misalignment between the PPICT and the
BPFM configurations, it is necessary to return to the previous steps to check the

alignment between PPICT-BPFM configurations.

Example: at this stage, the matching of PPICT with BPFM model configurations
is checked. In Figure 37, the PPIs Number of Contracts, Number of Active Contracts
and Number of Designed Contracts are configurated. However, only the PPIs Number
of Contracts and Number of Designed Contracts are mapped to the corresponding
configured activities, i.e., those PPIs are mapped to the Create Contract activity and
to the Design Contract activity. As for the PPl Number of Active Contracts, it is
mapped to the non-configured Activate Contract activity. In this case, the competence
center must reconfigure the BPFM to align configured members of each family. This
task should be done interactively to configure all activities corresponding to the
configured PPI. After the reconfiguration, Figure 38 (a) and (b) show a correct
alignment BPFM-PPICT.
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a) BPFM Configuration b) PPICT Configuration

Figure 37 Miss-mapping between BPFM and PPICT because Activate Signed Contract Activity is not
configured in the BPFM, but the Number of Active Contracts is configured

80 Process Performance Indicator Calculation Method (PPIC Method)



BPFM

[Create Contract]

M1

Design

Contract Sign Contract

Contract

~
Activate |

Number of
Contracts

M1

*

Number of
Designed
Contracts

Number of Sent

Contracts Contracts

M1,3

M4

Receive S

Send Contract
y Email

Receive Si?ed
Contract By
Email

Send Contract
By Portal

Contract
Portal

M1 M1,2 m13

@

include

Number of Signed| ...

PPICT

Mi,4

. | Number of Active
Contracts

aned
y

M1,2,1 M1,2,2 M1,3,1

M1,3.2

Legend
‘ Mandatory :é; Special Case AXOR Selection /‘\ Inclusive
[ Activity

[5 Optional 1 Configured Activity

a) BPFM Configuration

Number of Sent
Contracts By
Portal

Number of Sent
Contracts By
Email

Number of
Signed Contracts
By Email

Number of Signed
Contracts By
Portal

Number of Active
Signed Contracts

mi,2,1 M1,2,2 M1,3,1 M1,4

Legend

M1,3,2 M4 M1,3 M1,4

Number of Active

). Contracts Signed
By Porta

M1,3,2 M1,4

<« Exclude “— Include 4 Basedon
| Dependon @\ Complex Optional PPI
Overlap Disjoint Mandatory PPI

M PPI-Activity Mapping
Configured Optional PPI
Configured Mandatory PPI

b) PPICT Configuration

Figure 38 Correct BPFM-PPICT mapping: the PPl Number of Active Contracts is aligned with the
activity Active Contract
Currently, during the PPI configuration phase, the activities are not configured
automatically according to the configured PPIs. The configuration of the activities
must be done manually. Analysts could stay in a design phase without reaching the
proscess deployment and execution, i.e., until step 5. In this case, PPICT would be
useful to analyze the feasibility of PPIs by studying their alignment with the process

activities in the BP family.

52 THE PPIC METAMODEL (LINK BETWEEN THE
BPFM METAMODEL AND THE PPICT
METAMODEL)

This section discusses how the link between the BPFM Metamodel and the
PPICT Metamodel is implemented. We propose the PPIC Metamodel, which includes
a class to identify the tables used by each activity of the process as well as a relation
to link the PPICT metamodel and the BPFM Metamodel. These two classes are defined

below.

Mapping PPI-Activity relation: this relation aims to link the PPI family
modeling and the BP family modeling. We propose the PPI-Activity association,
which defines that an activity can have zero or several associated PPIs and that a PPI
must have at least one associated activity to be calculated. This construct is included

in the meta-model of Figure 39. Its concrete syntax is indicated as an M in Figure 38.

Constraints class: this class is defined as an abstract class to centralize the

multiple and binary constraints of the two metamodels.
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Table Class: all PPIs must be calculated under a specific context, according to
the tables used by each activity. For this, we propose to add a table class to the BPFM
metamodel (refers to Figure 39 with a class corresponding to the list of tables used by
each activity). The Activity-Tables relation is usually registered in the process flow
execution record, presented by default in some software applications (cf. Table 13).
Every single activity may generate essential data, which could be used to calculate a
PPI. The PPICT metamodel assumes that the Activity-Tables relation is known and
can be used to evaluate the process performance. A primary Kay is used to identify

independently the relation Process-Activity-Table.

Table 13 Process flow execution record

Primary Key Process Activity Tables
1 Create Contract Design Contract Contracts
2 Create Contract Send Contract SendContracts
3 Create Contract Send Contract by Email SendContracts
4 Create Contract Send Contract by Email EmailSent
5 Create Contract Send Contract by Portal SendContracts
6 Create Contract Send Contract by Portal PortalSent
7 Create Contract Sign Contract SignContracts
8 Create Contract Sign Contract by Email SignContracts
9 Create Contract Sign Contract by Email EmailRequest
10 Create Contract Sign Contract by Portal SignContracts
11 Create Contract Sign Contract by Portal PortalRequest
12 Create Contract Activate Contract Contracts

Regarding the classes and relation used at each phase of the method. In step 1,
the competence center has to use the constraint classes in the form of Binary PPI and
Multiple PPI constraints as well as the PPI class. For step 2, the condition classes such
as time conditions and entity conditions are used as well as the measure aggregation,
measure representation and linear evaluation classes. For Step 3, only the relation
Mapping PPI1 Activity and the class tables are used. The attribute PPI configuration of
the PPI class is used in step 4. Finally, step 5 uses the relation Mapping PPI Activity

and the Table class.
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PPIC Metamodel : Link between BPFM Metamodel and PPICT
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Figure 39 PPIC Metamodel: link with the BPFM metamodel and PPICT Metamodel.
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5.3 EVALUATION OF THE PPIC METAMODEL

To evaluate our propositions of PPICT and PPIC Methods, we have used two
groups of criteria identified in the state of art, namely for the group 1 the integration
level between PPIs and Customizable Process Models and for the group 2 the
expressive capacity of PPIs.

Group 1: The integration level between PPIs and Customizable Process Models.
)] Model PPIs independently of the language used to model the BP.

The PPICT supports this requirement as it allows the modeling of PPIs based on
a language different than the language to model Business Process. This is to model the

PPI Variability after making the link with the Customizable Process Model.
1)) Model PPI Variability together with Customizable Process Models.

The PPICT and the PPIC Method support this requirement allowing the design
of PPI Variability and Customizable Process in a single model to create a synergy

between Customizable Processes and process performance indicators.
1)) Model the PPI-Activities relation of a business process.

The PPICT and the PPIC Method support this requirement allowing the
modeling of the link between PPIs and the activities to identify the resources that

generate the data used to calculate indicators.
Group 2: The expressive capacity of PPIs.
V) Define a variable performance indicator.

The PPIC Method supports this requirement allowing the definition of PPI
Variability, establishing how it impacts the business process evaluations, and how to

deal with variable PPIs.
V) Model the relation between PPIs.

The PPICT and the PPIC Method impact this requirement because they model
the relationship between PPIs and define how PPIs are related to each other.

Vi) Consider PPI Variability by restriction.
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The PPICT and the PPIC Method support this requirement allowing the
modeling of PPI Variability when their variants are known a priori. That is, when the

PPI template has all the known customization possibilities.
VII) Consider PPI Variability by extension.

The PPICT and the PPIC Method support this requirement allowing the
modeling of PPI Variability when their variants are not known a priori, that is, when

the PPI template does not have all the PPI customization possibilities.

In conclusion, this chapter presented the PPIC Metamodel specifies the link
between the PPICT metamodel (on the right side in the Figure 38) and the
Customizable Process Model Metamodel, i.e., BPFM Metamodel (on the left side in
Figure 38). This link is composed of the Constraints class, the Mapping PPI-Activity

class and the Table class. The next chapter describes the user validation of our method.
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Chapter 6: Validation of the Process
Performance Indicator
Calculation Method Through
a User-Centered Evaluation

This chapter presents the evaluation of the Process Performance Calculation
Method through a user-centered evaluation using the THEDRE method (Mandran &
Dupuy-Chessa, 2018). For this validation we have set an experimental protocol of 10
interviews. The goal consists of measuring and validating the PP development among
INCOM’s engineers and novice students when using the PPIC Method. The
experimental protocol is detailed in Appendix A.

6.1 EXPERIMENTAL PROTOCOL DESIGN

The Design Experiment’s step in THEDRE refers to the definition of the
experimental protocol and the type of results that we want to analyze (cf. Figure 40).
Steps Build Experiment and Build Actionable Tool refer to the development of the
experimental guide (interviews and questionnaires) and the development of the
experimental material (workbook). The experimental guide and material help to
measure and control the implemented tests using an existing PPICT. Both correspond
to the so-called actionable tools, cf. Figure 40. The step Collect and Analyze Data
refers to the collection and analysis of the methods used, the knowledge and the know-
how of the participants. Our qualitative experimental protocol uses an operational
guide during the experiment to organize observations and collect data, taking notes of

users’ behaviors through brief discussions.
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Figure 40 Experimental steps instantiating the Experiment phase of the THEDRE method.

We have set the following experimental targets:

I) Involve indicator developers in the modelling of PPIs linked to
Customizable Process Models.

I1) Explore how users express their PPI definitions and calculate the

variable PPIs in the Customizable Process Models.

I11) Identify users' modeling methodologies and practices of
calculation and recalculation of PPIs according to the deployed

Customizable Process Model.

The knowledge and skills of the participants depend on their experience. That is
why we carried out 10 individual experiments to avoid any influence between
participants: 5 with novice participants and 5 with expert participants. Each experiment
was carried out in 6 states and 3 phases where the goal of each stage was to answer a
questionnaire to validate the 8-hypotheses detailed below. The execution of the
experiment protocol includes an explanation phase, a practice phase, and a discussion
phase. All the experimental protocol was designed to bring the information necessary
for the validation of the 8 hypotheses. For each experiment, the qualification of the
questionnaires was evaluated to improve and develop a software tool which will be

explained in the next chapters.

We have fixed the following hypotheses (H) to evaluate during the experimental

protocol execution:

e HI1: Participants do not have a formalized method to calculate the PPlIs.
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e H2: PPIs are impacted by Process Variability and cause uncertainty on the PPI

calculations.

e H3: The PPIC Method helps participants to differentiate the main concepts of
the PPCIT.

e H4: Participants can use the PPICT as well as understand the relationships and
constraints between PPIs.

e H5: PPICT allows participants to place new PPIs in the tree structure.

e H6: The PPIC Method helps participants to fill all PPI attributes of the PPICT.
e H7: Existing PPIs allow participants to create new ones easily.

e HB8: The PPICT helps to understand the data structure.

Participants should evaluate the concepts of the PPIC Method and the definitions
of the PPICT proposed to validate the 8-hypotheses presented before. During the
discussion phase of our qualitative experimental protocol, experts and novices
expressed their individual points of view. They were also encouraged to propose

improvements and raise questions.

Our experimental protocol has been structured according to the MATUI tree,
which is part of the THEDRE method (Mandran & Dupuy-Chessa, 2018) to lead
research in human-centered computer science and guide researchers (cf. Figure 41).
MATUI helps to guarantee the traceability of experimental works. Regarding our
context, we have chosen the pink way of the MATUI tree (indicated with thick arrows
in the figure) because we have a dynamic experimental material, i.e., an experimental
material divided into two parts: interviews and tests in a real case without simulation
(called according to the authors an Activable Component AC) (cf. Figure 41). The
experiment description of the chosen tools and produced data was essential to develop
a relevant experimental protocol as well as share a common vision of PPI Variability
among researchers, experts, and novices. The result of this development was an
experimental protocol divided into 3 workbooks. cf. Appendix A, Appendix B,
Appendix C.
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Figure 41 MATUI decision tree (Mandran & Dupuy-Chessa, 2018), pink way in our case due to a
dynamic experiment

6.2 PARTICIPANTS

As mentioned before, users were divided into two groups: experts and novices.
10 individual evaluations were carried out concerning 5 INCOM experts and 5 novice
students, French spiker only. We consider as experts, participants who have more than
5 years of experience in the development and exploitation of databases, development
and implementation of business processes as well as some experience in business
intelligence. We consider as novices, participants who have fundamental knowledge
of business processes and databases, such as second-year undergraduate students in

information systems.
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Table 14 Professional experience of participants

Participant Expert Participant Novice Participant

1 31 years of Professional experience -

2 37 years of Professional experience -

3 5 years of Professional experience -

4 6 years of Professional experience -

5 5 years of Professional experience -

6 - 2 years of Professional experience
7 - 3 months of Professional experience
8 - 1 years of Professional experience
9 - 6 months of Professional experience
10 - 4 months of Professional experience

From the beginning of the execution of the experimental protocol, users’
perspectives must be collected. Each experiment is based on tests, measures, surveys,
observations, interviews, questionnaires and artefacts for data collection and
discussion about participants’ PPIs development techniques. For the execution of the
experiment, it is necessary to have an existing PPICT. We used questionnaires 1, 2, 5
and 6 shown in Appendix A to obtain the results of experiments. For example, Figure
42 shows a part of questionnaire 2. Questionnaires contain closed and open questions.
At the end of the exercise, a discussion enabled us to gather critical comments from
participants about the effectiveness, usefulness and relevance of the explanation and
the material used for the experiment. During the interview, we were open to any
remarks or observations expressed by the participants in the experiment. In addition,

to analyze the achievement of the goals of section 1, we analyzed the results of the

6.3 INSTRUMENTS USED DURING EACH

EXPERIMENT

guestionnaires in two groups (expert and novice answers).
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Q2: Context of the experiment

Interview: Diego takes notes and records
I have just introduced vou to the notion of variability of indicators,

+  What do you think of this notion of vanability of indicators?

+ Have vou ever encountered this problem of indicator variability?

«  What solutions did vou use to address this problem?

Figure 42 Example of experimental material (Questionnaire)

Regarding our qualitative goals to determine whether the PPICT concepts are
clear (hypothesis 4), we implemented a workbook, (cf. Figure 43), along with an oral
explanation of PPI concepts and PPI family model, (cf. Appendix B). This workbook
aims to build a PPICT on a new case of study Number of Meters using the PPIC
method. This workbook was designed in French because the experiment took place
with French-speaking participants. During the experiment, participants could interact
with the PPICT. Before the test, the animator of the experiment explained the
methodology and the concepts to be evaluated. Thus, participants could contribute by
proposing modifications and/or improvements to the PPICT and the PPIC Method.

Regarding the first exercise, (cf. Figure 43), the participant must execute each
step numbered from 1 to 6, which will allow him or her to complete the proposed
PPICT using the legend and the rules of the PPICT addressed during the animator's
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presentation (cf. Appendix B). The participant will have the necessary information to
build, modify and complete the proposed PPICT.

PPICT

1. Place the three mndicators in the PPICT.

Nombre de Compteurs par
Fabricant

[

Modify the Symbols of the model if necassary.

Nombre de Compteurs posés

3. Specify the indicator Number of meters by manufacturer as mandatory. | actuellement dont la date de

- ! ¥ | pose est inférieur ou égal au
31/12/2004

4. Specify the other two flags 2z optional.

o Nombre de Compteurs par
Configure mandatory indicators for PPICT. Diamétre posés actuellement

LA
v

6. Configure the optional PPICT mndicators associated with the diameter.

Hombre de PRICT
Compladrs
/”(T_}\
Homibre de Liste numéra de Mombre de
Complaurs par serie des Compteurs Posas
dametre COMMEUrs aciugllement

ar diametre supérieur ou

Nombre de Compieurs
égal & 200 compteurs

Legend
| Lepend on J& e Optional PRI E Configurated Optional PP
‘@‘G'.e"ap & Disjoint E Mandatory PPI Configuraied Mandatory PP

Figure 43 Experimental Material: workbook

We have also designed different matrixes to evaluate the methodological aspects
and proposed concepts, e.g., Figure 44 (cf. Appendix A questionnaire 3 and 4). Those
matrixes help us get feedback on proposed concepts, which were evaluated in terms of
proportion and ratios. The ratios also allow us to compare different experiments by
classifying the concepts by hypothesis and by clarity.
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Clarity: 1 not at all clear .. 4 gquite clear.

Concept Definition
PPI Optional Indicator Not Configured
Comments.

Clarity

1234

Figure 44 Matrixes to evaluate the methodological aspects and proposed concepts.

Each experimental guide and experimental material help to validate the

hypothesis presented in section 6.1. The questionnaires and the workbook allow us to

know if the participants understood the main concepts of the PPICT and the rules of

the PPIC method. Below, Table 15 details which instruments were used to validate or

not the proposed hypotheses.

Table 15 Experimental material and experimental guide that help to validate

hypotheses.

Hypothesis

Instruments: Experimental
material and Experimental
guide that help to

Goals and exercises

H1: Participants do not have a
formalized method to

calculate the PPIs.

Questionnaire 1 of the

experimental guide.

Identify the practices and
methodologies used by the
participants to calculate the

indicators.

H2: PPIs are impacted by
Process Variability and cause
uncertainty on the PPI

calculations.

Questionnaire 2 of the

experimental guide.

Know if the participant
understood the context of
Customizable Process Models
and PPI Variability.

H3: The PPIC Method helps
participants to differentiate the

main concepts of the PPCIT.

Questionnaire 3 of the

experimental guide.

Know if the participant
understood the PPICT

definitions.

H4: Participants are able to
use the PPICT as well as
understand the relationships

and constraints between PPls.

Questionnaire 4 and 5 of the
experimental guide and
workbook of the experimental

material.

Use a workbook to roll out the
PPIC method and to interact
with the PPICT by applying the

definitions.
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H5: PPICT allows participants Identify if the participant

to place new PPIs in the tree manages to carry out the
structure. exercises of placing the new
PPIs inside the PPICT and
writing the queries of PPIs
added.

H6: The PPIC Method helps
participants to fill all PPI
attributes of the PPICT.

H7: Existing PPIs allow
participants to create new

ones.

Questionnaire 5 and 6 of the
H8: Understanding the data experimental guide and the
structure owing to the PPICT. | workbook of the experimental

material

6.4 EXPERIMENT ANALYSIS

The research targets were checked regarding the methodological hypotheses
presented in section 6.1. This step was crucial to reason about the development of our
software tool because it allows us to identify improvements and focus on users’ needs.
Regarding the experimental protocol results, experts and novices were able to use the
PPIC method according to the PPI Variability modeling language proposed. During
the experiments, each hypothesis proposed some exercises based on a PPI family
scenario supported by interview guides and workbooks. Thus, experts and novices
expressed their points of view individually on either improvements or questions. A

synthesis of the eight hypotheses is presented below:
e H1: Participants do not have a formalized method to calculate the PPlIs.

Observation: none of the novices and experts have formal methods for
calculating PPIs, but all experts do have practices used independently based on their
experiences. Four experts apply software development methods for PPI calculation. 9
out of 10 participants said that the PPIC method covers this lack by giving a route plan
to model and calculate PPI Variability linked to Customizable Process Models. Experts
mentioned that “the complexity of controlling process changes without proper
modeling, induces recalculating the PPIs . Moreover, experts and novices agreed that

“currently there is a lack of reliability in the calculation of PPIs because they do not
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have tools or methods that allow them to prune and calculate PPIs”. We therefore
consider this hypothesis as validated.

e H2: The PPIC Method helps participants to differentiate the main
concepts of the PPCIT.

Observation: 9 out of 10 participants agree that thanks to the PPIC method they
were able to identify the constraints and rules to build a PPICT. 4 experts think that
the concepts of the PPICT are clear after having used the PPIC method especially to
model relationships between PPIs. All experts agree that the impact of process
Variability concerns PPIs. One of them said that “the standardization of a software
product is very complex. However, with the PPICT and the PPIC Method it could be
possible”. During the experimentation, novices were able to identify how
customizable processes are modeled and how PPI Variability was approached using
PPICT concepts. All participants were aware that software publishers need to deal with
this problem with a model such as the PPICT. That is why this hypothesis is also
considered as validated.

e H3: Participants differentiate the main concepts of the PPCIT.

Observation: 3 out of 5 Experts and 5 of the 5 novices said that “it is possible to
understand the main definitions of PPI, reference and variant PP1”. However, 2
experts propose that “It could be necessary to divide the definitions of an invariable
PPI and a variable PPI”. 2 experts and 2 novices preferred simpler definitions like
“Father PPI” and “Son PPI”, but they consider that “the main concepts of the PPICT
are clear especially the tree and the rule to build iz”. That is why we consider this

hypothesis as partially validated.

e H4: Participants can use the PPICT as well as understand the

relationships and constraints between PPlIs.

Observation: when new variants PPIs are added, 4 experts and 5 novices said
that “The PPICT is clear and easy to use”, “between brothers it is clear and
consistent”, 4 experts and 4 novices said that “the PPICT had allowed them to save
time in the calculation of PPIs”, all participants said that “the PPICT has allowed
them to know and manage the PPIs information to calculate them”. Nevertheless 3
experts and 4 novices said that “certain concepts need to be improved such as the

constraint “depends on” by adding an arrow to indicate the direction of the variant”.
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2 novices said that “ir had been difficult to configure a PPI because of the black box,
it would be nice to think of a color”. This improvement is relevant for PPICT to
configure a PPI, which is why we have implemented this functionality on the PPICT

tool. This hypothesis is therefore validated.
e H5: PPICT allows participants to place new PPIs in the tree structure.

Observation: all novices and 4 out of 5 experts appreciated the notation and
considered it understandable. However, one expert said that “it was difficult to place
new PPIs when the labels were too long, ” 3 experts and 4 novices said that “it was
difficult to add a new flag when you have two possible parents”. To overcome this
problem, we have included in our PPICT approach the relation "based on" which
allows users to place a PPl when there are two possible reference PPIs. One expert
proposes to suggest the possible reference PPI of a new variant PPI using the labels
through a search function. This functionality could be implemented in future research.

This hypothesis is therefore considered as validated.

e H6: The PPIC Method helps participants to fill all PPI attributes of the
PPICT.

Observation: 4 experts and all novices said that “it is much easier to add certain
missing attributes to the PPIs located at the bottom of the PPICT because in general
these PPIs have more information than those of the higher level”. All novices agree
that the method allows them to identify the PPIs on which novices should be based to
add new PPIs. Thus, it allows them to choose the right attributes according to the
reference PPI. One of the experts mentioned the importance of having a method to
guide users when identifying the steps to follow to calculate new PPI variants
including right attributes. “If the right PP Reference is used, the attributes are already
included. This means that no new ones need to be included, except for a specific join .
This hypothesis is validated.

e H7: Existing PPIs allow participants to create new ones easily.

Observation: All participants concluded that “the more information we have in
the PPICT, the easier it is to add new PPIs.” All experts think that the existing PPIs
provide fundamental information like attributes, joins and tables to calculate new PPIs.
According to experts, it is difficult to know the whole database. Having existing PPI

allows experts to recontextualize their queries and choose the best joints calculate other
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PPIs. The novices think that it is an excellent way to know exactly the tables and
attributes that must be used when adding a variant, since the reference PPI is already
described in a correct way using the right joints and syntax. This hypothesis is

validated.
e HB8: PPICT helps to understand the data structure.

Observation: 4 experts said that “even if some PPIs were more complicated to
calculate than others, the PPICT is an easy-to-use tool to build PPIs and it can be
used by beginners or experts in PPI calculation”. 3 Novices see this method as a
solution to model and calculate indicators in general, even if they are not linked to a
Customizable Process Model. 4 novices said that if they had known the PPICT and the
PPIC method, they would have used them for modeling and calculating their indicators
from the beginning of learning queries in relational databases. This hypothesis is

validated.
Table 16 Synthesis of hypothesis validation
Hypothesis Validation Status
H1: Participants do not have a formalized method Validated

to calculate the PPls.

H2: The PPIC Method helps participants to Validated
differentiate the main concepts of the PPCIT.

H3: Participants differentiate the main concepts of Partially Validated
the PPCIT.
H4: Participants can use the PPICT as well as Validated

understand the relationships and constraints

between PPIs.

H5: PPICT allows participants to place new PPIs in Validated

the tree structure.

H6: The PPIC Method helps participants to fill all Validated
PPI attributes of the PPICT.

H7: Existing PPIs allow participants to create new Validated
ones easily.
H8: PPICT helps to understand the data structure. Validated
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The experimental results and research targets were checked using
methodological hypotheses such as clarity of concepts to determine possible
improvements of the PPICT Method. All the hypotheses were totally validated except
the hypothesis 3 that was partially validated. The prototype allowed us to identify the
limits but also the advantage of the PPICT Method facilitating PPl Variability
modeling linked to a Customizable Process Model.

6.5 LIMITATIONS IDENTIFIED DURING THE
EXPERIMENT

6.5.1 Limitations of concepts and functionalities

We have attained some scientific knowledge from the experimental results, and
we have identified some limits of our proposition. We have divided the limits in two

dimensions, depending on the subject’s expertise:

Table 17 Limits of the PPICT and PPIC Method

Participant o PPIC
Limit PPICT
Type Method
“There is no view of the query on the same diagram" X
“Classifying a PPI in a family too large is without doubt X X
difficult”
“Adding a new relation can be complicated if we don’t
X X
know the data at all"
Experts — . . —
“It is impossible to suggest automatically existing X
reference PPIs for new variant PPIs”
“The terminology is a little complicated; father and son X X
can be an alternative for reference and variant PPI”
“There is no way to model PPIs based on NoSQL X X
databases”
“Being familiar with data models” X X
Novices — -
“Making a mistake easily with the choice of the X
constraints”
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To answer the limitations met when adding a new PPI when it has two possible
reference PPIs, we have included the function “Based on” to the PPICT. The PPICT
metamodel was designed to allow the definition of all the possible reference and
variant PPIs added by restriction or extension. However, we do not consider PPIs
related to process resources, because we have concentrated only on the tuples resulting

from the execution of a business process and not from whoever executes them.

PPI Variability for NoSQL is still a question that we did not study in our research
because currently we do not know if the inclusion of PPIs in the PPICT can be applied
or not in NoSQL systems. The need to suggest possible reference PPIs identified in
experiments is also left for further studies because this implies modifying the PPIC
tool including an analysis of all possible references of a PPI regarding the nearest set
of tuples inclusion rule. Based on the knowledge acquired during our research project,
we think that a possible improvement of the PPICT tool could be the integration of
data mining techniques to determine if a variant PPI is really derived from a given
reference PPI. This integration could rely on the link between the used tables and

attributes during the execution of the process and the PPI to be calculated.

The PPICT metamodel is supported by a software tool called ADOxx detailed
in the next chapter. This tool can be used as a template-based model. Nevertheless,
the usage of this formalism in real industries needs a software license, since ADOXxx
is only free for research goals. The main reason we used the ADOxx Metamodeling
tool was that BPFM was already implemented on this open research platform, so we
encountered fewer difficulties of interoperability to integrate, formalize and implement
our PPIC method and PPICT metamodel. This allowed us to evaluate the behavior of

our method implemented in a software tool.

6.5.2 Limitation of the experiment saturation

Glaser & Strauss (Glaser & Strauss, 1967) show that most of the interview
saturations in qualitative experiments occurred by 12 individual experiments, i.e., 12
individual interviews. The study of (Lakens, 2022) shows that after interviewing 20
participants, no new categories emerge, reaching a saturation point. Additionally, the
study of (Marshall et al., 2013) shows that a single case study should generally include

between 15 and 30 interviews. The authors argue that 69% of all qualitative

Validation of the Process Performance Indicator Calculation Method Through a User-Centered Evaluation 99



information system studies are based on a single case and used fewer than 30
interviews. With 10 interviews made in our experimental protocol compared we score
6 more than the minimum of 4 interviews for a single case analyzed by (Marshall et
al., 2013). (Marshall et al., 2013).

Table 18 shows the result of the comparison between the numbers of
interviewees interviewed and the total time taken to interview the participants
regarding a theoretical investigation, a theory research, single case research and
multiple case research. This table also considers the studies most cited in google and
other tools in general. Concerning our study, we have 6 interviews more than the usual
minimum for a single case validation in information system literature. However, we

have 2 interviews less than the minimum desired (Marshall et al., 2013).

Table 18 Interviewees, Interviews, and Contact Time by Research Design (Marshall

etal., 2013)
Type of research experiment in . .
published articles Top cited articles
Grounded  Single  Multiple | Google Top Top
Theory Case Case Performers Performers
Interviewees
Minimum 6 4 10 7 12
Quartile 1 15 13 22 19 20
Quartile 2 27 24 39 29 24
Quartile 3 59 43 45 68 40
Maximum 200 200 74 105 105
Interviews
Minimum 6 4 10 7 12
Quartile 1 17 13 22 19 20
Quartile 2 29 23 40 29 24
Quartile 3 59 45 49 68 40
Maximum 200 200 74 127 127
Contact Time (hrs)
Minimum 35 4.0 6.0 5.5 12.0
Quartile 1 15.8 10.0 21.2 31.2 23.0
Quartile 2 37.3 28.0 38.8 39.0 37.3
Quartile 3 70.0 46.0 68.8 71.0 38.8
Maximum 222.3 222.3 100.5 222.3 222.3

Our advantage is concentrated in the number of hours per interview, which was
an average of 3 hours. This means that 30 hours of experimentation were developed

(10 interviews of 3 hours). This places us between the quartiles 2 and 3, cf. Figure 45.
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This then allows us to be close to the value recommended by (Marshall et al., 2013) of

28 hours of interviews.

Contact time (hrs) by single case interviews

73 38,8

Contact Time (hrs)

4 13 23 45

Single Case Interviews

— Contact time (hrs)

Figure 45 Contact time by single case interviews based on the analysis of (Marshall et al., 2013)

6.6 CONCLUSION OF THE USER-CENTERED
EVALUATION

The execution results of our experimental protocol conclude on the success of
providing a solid method and model for PPI Variability definitions integrated into
Customizable Process Models. All participants agreed that our contribution reduces
the PPI design-time and calculation-time contributing to the Customizable Process
Model evaluation. Nevertheless, some terms such as reference PPI and variant PPI
were too obscure for participants who suggested alternatives such as father PPI and
son PPI.

We are aware that having completed 10 individual qualitative experiments was
a limitation in our user-centered evaluation. Indeed, the COVID crisis has limited us
in the development of other experiments in the same conditions as the others. (Glaser
& Strauss, 1967) show that most of the data saturation for single cases in qualitative
experiments had occurred at least 12 individual experiments, i.e., 12 individual

interviews.
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Chapter 7: Process Performance
Indicator Calculation Tool
(PPIC Tool)

This chapter presents our software tool developed on ADOxx®. The tool allows
us to guide users in the development of PPIs using the PPIC method. The PPIC method
Is supported by a metamodel. We have implemented a graphical notation to illustrate
and describe the PPICT. The PPICT has been developed by extending the BPFM tool,
which was also developed on ADOxx. The development of our software tool included
PPI developers, decision makers and business process managers who are the experts
of the experimental protocol. To explain this tool, we illustrate its use through the 5
steps of the PPIC method presented in chapter 5.

Figure 46 shows the architecture of the ADOxx modeling tool. At the first level
of the hierarchy, we found the Meta2 Model which was developed in C++ by the
OMILAB? group. This Meta2 Model is instantiated at level 2 of the hierarchy by the
Meta Model of the modeling tool, here, the meta classes were instantiated during the
development of our PPIC tool at level 3 of the hierarchy. At this level our PPIC
metamodel was implemented separating the classes and relationships. All the rules that
must be used in the modeling tool are implemented. In our case, the Development Tool
was handled and used only by the Ph.D. student and the Modeling Tool was used by
all the participants in the experiments and by INCOM’s designers of processes and

indicators.

% https://www.adoxx.org/live/lhome
10 https://www.omilab.org/

102 Process Performance Indicator Calculation Tool (PPIC Tool)



developed — ADOxx develbped C'H'
b mso . Meta? Model in
¥ ANO \

ADOxx Developer
y Instance of
|
MM — Tool
Meta Modell Devebpment
developed ADOxx Part
by Meta Model
A
Inherited from
developed I
Loy Method-specific developed ALL
. Meta Model n
MM-Tool Developer 4

| Instance of

. g - created E Model
w v
MM-tool User T TTTTTTTTTTTTTTTTTTTTTTTTTT

MM ... Modelling Method

i described

- ADL

Figure 46 ADOxx Meta Modelling Platform Hierarchy **
7.1 USE OF THE TOOL FOR STEP 2 - PPI DESIGN

Our example follows the PPIC method illustrated in the Figure 29. Our tool
allows the manual addition of all PPI family members using the PPICT graphical
notation. To illustrate the use of the tool, we take the example of the PPl Family

Number of Contracts according to stakeholders’ requirements.

The example is based on the PPIs that evaluate the process to Create a Contract.
To create the PPICT, the root PPI, which designates the PPI family, must first be
added. Then, it is possible to add new PPI variants of existing PPIs according to
stakeholders’ requirements. Each PPI that is added to the tree must respect the rules of
the PPICT described in chapter 4.

In our example, the PPICT has 4 levels, cf. Figure 47. At the first level, the root
PP1 Number of contracts can be found. At the second level, 4 associated indicators are
illustrated: Number of Design Contracts, Number of Sent Contracts, Number of Signed

Contracts and Number of Active Contracts.

1 hitps://www.adoxx.org/live/meta-modelling-platforms-hierarchy
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The constraint that joins the root PPl with the PPIs of the second level is a
complex constraint since there are PPIs that share common tuples and other PPIs that
do not share common tuples, i.e., there are PPIs that share data and other PPIs that do
not. Additionally, between the PPl Number of Sent Contracts and Number of Signed
Contracts there is an Include constraint; In our example we do not have the Exclude

constraint.

At the third level there are 5 PPIs, the first two PPIs are variants of the Number
of Sent Contracts: Number of Sent Contracts by email and Number of Sent Contracts
by portal using an Overlap constraint. Also, the following two PPIs are variants of the
PPI Number of Signed Contracts: Number of Signed Contracts by Email and Number

of Signed Contracts by Portal using a Disjoint constraint.

The last PPI of the third level is the Number of Active Signed Contracts, which
is a variant of the Number of Active Contracts, based on the Number of Signed
Contracts. The notation of “variant of” is represented in the PPICT as depend on using
a complete line. Likewise, the notation of based on is represented using a dotted line
with an arrow pointing towards the PPI that is used as the base. Finally, in the fourth
and last level of our PPICT example, there is only one PPI Number of Active Signed
Contracts by Portal, which is a variant of the PPI Number of Active Signed Contract
and is based on the PPI Number of Signed Contracts by portal.
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When designing the PPICT, it is necessary to give the essential information of
every PPl by double clicking on the desired PPl and editing the description sheet of
the window parameters. For instance, the PPI root illustrated in Figure 48 has the

following attribute descriptions:
e The name: Number of Contracts.

e The long name: Number of Created Contracts since the metropolis

creation.

e The description: We seek to know the Number of Created Contracts by
the City for water subscribers without differentiating the type of offer or

city.

e The measure type: Number.

Mame:

| Mumber of contracts |

Leng Mame:

| Number of created contracts since the metropolis creation |

Definition: =
we seek to know the number of created contracts by the metropolis
for water subscribers without differentiating the type of offer or city.

Measure Type:

|Number ~

Figure 48 Description of PP Number of Contracts
7.2 USE OF THE TOOL FOR STEP 2 - PP1 DESIGN

After defining the hierarchy of the PPl family by the competence center, the
PPICT tool allows users to define mandatory and optional PPIs as well as the measure
representation and the measure aggregation according to stakeholders’ definitions and
design criteria. This stage must be completed by a competence center, which includes
experts of the domains, BP designers and PPI calculation experts. During this step,
users must have access to the following attribute definitions to be filled on the PPIC

tool:
I) The Optional PPI specifies if a PPI could be optionally configured.

I1) The Mandatory PPI specifies that a PPI must be configured by default.
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I11) The Measure Representation in order to visualize PPI’s tuples, e.g.,
value, listing, geographical and chart representation.

IV) The Measure Aggregation to aggregate PPI’s tuples.

Continuing with our example of PPl Number of Contracts, we must define the
mandatory PPIs and the optional PPIs. This is done in the first sheet of the parameters
of each PPI. For each PPI, the following sheets are available: description, conditions,

linear evaluation, activity-PPl mapping, query and configuration.

In our example, we will only use the description, conditions, linear evaluation,

and query sheets: the PPI Number of Contracts is detailed below:

I) PPI type: mandatory since it is the first root PP1. To configure any other

PPI of another level, it is necessary to configure the root PPI.

I1) Measure Aggregation: count () since the type of measurement is

number and we want to know the quantity.

I11) Measure Representation: value since a quantity of number can only be

represented as a value.
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Number of contracts (PPI)

O X
PPl Type HS
(O Optional Description
(® Mandatory Conditions
Name: Linear Evaluation

Number of contracts | PPI-Activity Mapping
Long Name: Query
Number of created contracts since the metropolis creation |

Configuration
Definition: O
we seek to know the number of created contracts by the metropolis
for water subscribers without differentiating the type of offer or city.

Measure Type:

.Number v|

Measure Aggregation:
v
Measure Representation

(®) Value

(O Listing

(O Geographical
(O Chart

Q0

Figure 49 General description of the PPI Number of Contracts

In the conditions, users have the possibility to choose to limit the PPI according
to a period of time or a deadline. These options are totally independent: if a period is
chosen, it is not possible to choose a deadline and vice versa. In our example, no time
condition was designated for the PPl Number of Contracts cf. Figure 50. In the
condition sheet, it is also possible to add entity conditions, for example to filter the PPI
with a certain value or values of an attribute of the consulted tables. In the Number of

Contracts for example, no entity condition is used, cf. Figure 50.
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Mumber of contracts (PPI)

O X
Time Condition H3
() Mot specified Description
OPeried Canditions
©~Deadlinaf
Linear Evaluation
Period PPI-Activity Mapping
Query
2002:01:01
Configuration
2002:01:01
Deadline: ]
[2002:01:01 |
Entities Conditions: L |
Entity | State |
Q0

Figure 50 PPI Conditions for the PPI Number of Contracts

The linear evaluation described in chapter 4 refers to the estimation of desired
values: a minimum, an intermediate and a maximum, cf. Figure 51. In our example,
no specific value is chosen for the PPI Number of Contracts, since it depends on the
execution context. In the case of INCOM, the value of the linear evaluation will depend

on the distributor because they do not all manage the same number of subscribers.

[ Linear Evaluation H =

Values Description

Conditions
0.000000 Linear Evaluation
PPI-Activity Mapping

Query

Configuration

Figure 51 Linear Evaluation: Desired thresholds to evaluation of the PPI results

Up to this point, the PPICT tool can be used independently without having a link
with the reference process. The PPICT tool could be used without mapping the process

model. It is due to the fact that some software solutions do not have a defined process

108 Process Performance Indicator Calculation Tool (PPIC Tool)



model. They enable a global vision of the indicators used to evaluate certain operations
or strategies of the company. However, not having a link with the processes implies
that it is difficult to determine which activities are evaluated and which tables or
attributes in the database are used to calculate a given PPl. We have just a PPI family
model to specify the hierarchy of PPIs. Note that a light green square refers to an
optional PPI and a dark green square is used for a mandatory PPI, (cf. Figure 52). In
our tool, a mandatory PPI is configured by default and an optional PPI is configured

manually, so that a red outline is added to the PPIs to represent those PPIs that are
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Figure 52 Number of Contract PPl family designed the PPICT tool

The goal of step two of the PPIC method is to provide the greatest amount of
information possible to calculate the indicators in the next step using an executable
language such as SQL. The PPICT tool provides a means to identify this information

and make it accessible

7.3 USE OF THE TOOL FOR STEP 3 - BPFM-PPICT
ASSOCIATION

The association between a PPI and its respective activities is represented in our
tool as a mapping functionality between the PPICT and BPFM models. That is why
the BPFM is an input for this step. This association must be done in the parameter

sheet of each PPI by listing the associated activities. Each association must have a
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specific name: M (mapping) followed by an ascending number that depends on the
reference PPI or on the activity to be associated. The association PPI-Activity is based
on the PPI hierarchy, e.g., M1 as reference PPI, M1.1 as variant PPl of M1 and M1.1.1
as variant PPl of M1.1. This numerical addition could be done automatically in future

versions.

When a variant PPI has neighboring PPIs at the same level, i.e., siblings, it will
be given a corresponding number regarding the variant PPl previously added. For
instance, M1.1 is the first variant PPl of M1, which means that M1.2 would be the
name of the second variant PPl of M1. In this way, the reference PPI can be easily
indicated as well as the association. This task must be repeated in the BPFM model,
where the associated PPI must be indicated in each activity. This task must be done

manually by the user, which is a limit of the current version of the PPIC tool.

MNumber of contracts (PPI) [m] x
Mapping: +x0O dd
Mapping Namel Activity | Description
1 (M1 | Create Contract (CC) (Feature) - BPFM Model V1.2 (BPFM Model)
Conditions
Linear Evaluation
PPI-Activity Mapping
Query
Configuration
Q0

Figure 53 Selection of the activity associated to the PPl Number of Contracts

Figure 53 shows an example of a PPI-Activity Mapping parameter sheet. To
include an activity associated with a PPI, it is necessary to click on (+) and search for
the corresponding activity within the list of available activities. In our example, the

PP1 Number of Contracts is associated with the Create Contract activity of the BPFM
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Model V1.2 file and the Mapping name is M1. In the process mapping (cf. Figure 54),
the user must name the corresponding association and include the tables and
applications used to calculate the PPI query. This information can be found on the

Process Flow Execution Record as seen in chapter 5.

Create Contract (CC) (Feature) O X
3
Mapping Name: o3
E'I[I | Description
Used Tables List Mapping PPI-Activity
+ X

Tables t Od

Figure 54 Selection of the associated PPI for the Create Contract activity.

The result of this step is shown in Figure 55. It is important to remember that the
model of BPFM is a necessary input of our method specifically for this step. In addition
to the mapping between the PP1 Number of Contract and the Create Contract activity,

all indicators and all activities are associated with each other.

It is important to note that according to the PPIC Metamodel, an activity can be
associated with more than one PPI. This is the case of the PPl Number of Signed
Contracts for instance, which is related to the Sign Contract and Activate Contract
activities. An advantage of the tool is that the associations work as hyperlinks, that is,
if the user clicks on M1, for example, it will directly show to the user the related
activity Create Contract.

At this step in the PPIC Method, if a PPI is automatically configured, it is a
mandatory PPI. Currently, in the PPICT tool, if a PPI is configured and the association
between PPI-Activity has been made, the tool does not automatically configure the
associated activities. This is also a limitation of the PPICT tool that can be improved

in future versions.
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Figure 55 BPFM-PPICT Association
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To calculate a PPI, it is necessary to write and execute the associated query. For
this, the PPICT tool has an attribute that allows the integration of query executable
files. The calculation of a PPl must be done after the association PPI1-Activity since it
is necessary to know the tables and attributes used by each activity of the process. For
instance, in the case of the PPI Number of Contracts, a .SQL file was added to the
Query Sheet. This file contains the query to calculate and execute the PPI.

Number of contracts (PPI) O X

PPI Query H3

Executable: Description
<automatically> v
Conditions
Program arguments: =8

Linear Evaluation
[ D\Script 0L\PDS Rumilly Test.sql” |

PPI-Activity Mapping
Query

Configuration

00

Figure 56 Query association of the PPI Number of Contracts

When opening the file, it is possible to execute the associated query. Note that
the file must be correctly written and must be executable. To do this, all the tools and
drivers necessary for its execution must be installed. Figure 57 shows the SQL request

for the PP1 Number of Contracts, which has an aggregation count and a table renamed
PDS (Point of Service, Point De Service).
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Figure 57 PPI design (SQL execution)

The file execution from indicator calculation tools such as Qlik Sense or Power
Bl can also be incorporated into the PPICT tool. For instance, Figure 59 shows how

the PP1 Number of Active Contracts can be represented as a value.

Number of Active Contracts

35008

Number of Active Contracts by City

MONT SAINT AIGNAN BOIS GUILLAUME DEVILLE LES ROUEN City
6796 5882 4478
W BIHOREL

W BOIS GUILLAUME
M CANTELEU

M DEVILLELES ROUEN
B MAROMME

MONT SAINT
AIGNAN

n NOTRE DAME DE

NOTRE DAME DE BONDEVILLE

BONDEVILLE
3154

| MAROMME
4816

Figure 58 PP1 Number of Active Contracts and Number of Active Contracts By City

Another example of Measure Representation could be a chart of squares. An
example of this is the PPI Number of Active Contracts by City of Figure 58, where the
color and the area of each square depends on the Number of Active Contracts. In other
cases, this PPI can be represented as a histogram for example in the case of an E-
contract, i.e., electronic contract, which is a contract signed by the portal (cf. Figure
59). It is important to know that the business intelligence systems as Qlik Sense or
Power Bl allow us to extract data at a given moment, or sometimes in real time. In our

case, all PPIs are calculated daily using the Qlik Sense data load tools.
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Figure 59 PP1 Number of Active Contracts Signed by Portal and Number of Active
Contracts by City

7.4 USE OF THE TOOL FOR STEP 4 -PPICT
CONFIGURATION

In this step, the user must select optional PPIs to be deployed using the
configuration sheet of the parameter window. By default, all the optional PPIs are not
configured, and all the mandatory PPIs are configured automatically. For this step, it
is important that all the PPIs that are configured have an executable query, since the

objective is to evaluate the process variant to be deployed.

For example, in Figure 60, the PPI Number of Designed Contracts is not selected
by default in the case of a mandatory PPI. Users could select an optional PPI through
the parameter window. The result of this step is shown in Figure 61 where there are
three PPIs configured: the two mandatory PPIs Number of Contracts and Number of
Active Contracts and the optional PPI configured Number of Designed Contracts.
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Figure 61 PPICT Configuration on our PPIC tool

7.5 USE OF THE TOOL FOR STEP 5 - PPICT
CONFIGURATION CHECKING

In this step, configuration alignment errors are verified. A configuration error
may occur if there are PPIs configured for which the corresponding activities are not
configured. For the moment, this verification must be done manually. We are aware
that it is a limitation of our PPIC tool. The automatic verification task to establish if
there are configured indicators without associated configured activities can be
executed through the PPI-Activity mapping.

When there is a misalignment between the configurations of the PPICT and the
BPFM model, the user must go back to the mapping sheet of each activity and/or PPI
studied to change the configuration. This task must be performed as many times as
necessary to align the configuration between the BPFM model and the PPICT. Special
care should be taken with dependencies between PPIls themselves and between
activities themselves, e.g., inclusion or exclusion. These dependencies can influence

the modeling and the desired configuration of the two models.
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For example, in Figure 62, the PPIs Number of Contracts, Number of Active
Contract and Number of Designed Contracts are configurated. However, only the PPIs
Number of Contracts and Number of Designed Contracts are mapped to the
corresponding configured activities, i.e., those PPIs are mapped to the Create
Contract activity and to the Design Contract activity. The PPl Number of Active
Contracts, is mapped to the non-configured Activate Contract activity. In this case
the user must configure Activate Contract activity in the BPFM model to align both

families, the process family, and the PPI family.
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Figure 62 Mismapping between BPFM (Activate Contract)-PPICT (Number of Active Contracts) a) BPFM Configuration, b) PPICT configuration.

Once the mapping error has been corrected and the Activate Contract activity configured, the BPFM-PPICT association is correct. It can be

seen in Figure 64 that there are three configured activities as well as three equally configured PPIs. As explained in chapter 4, more PPIs can be

configured than activities, since an activity can be evaluated through different indicators. However, PPIs will always need at least one associated

activity to be calculated, in order to obtain the associated data after the process execution.
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Figure 63 Configuration of the Active Contract Activity in the BPFM model

configuration of a PPI, in the parameter window by selecting the corresponding activity.
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In summary, the PPIC tool allows the modeling of a PPl Family following the steps of the PPIC method. The PPIC tool provides the

possibility of linking the activities of a reference process to the PPIs to evaluate the process performance. Some automatic validations included in

the PPIC tool are the configuration a mandatory indicator by default, alerting that neither the associated activities nor the reference PPI are

configured.
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7.6 CONCLUSION AND LIMITATIONS

The PPIC tool is designed to be run on the Windows operating system as an
executable file (.exe). Our goal is to contribute to the development of research:
developed on the ADOxx platform, the PPIC tool can be extended and improved by

the scientific community because the platform is open-source.

A limitation of the PPICT tool is that the user must access the PPI attributes to
visualize and execute the query written in an external tool, e.g., Qlik Sense, Power Bl,

etc. Thus, it is necessary to have a minimum knowledge of Business Intelligence tools.

Another limitation is that when the family of PPIs is too large, the position of a
new PPI is without doubt difficult because there may be several potential reference

PPI. For this reason, it could be useful to propose a potential reference PPI.

Another limitation appears when we add new joins. This task is difficult for users
who have little prior knowledge of the data and have no access to the database
documentation. Currently, when users make a mistake with the choice of the
constraints, they cannot verify if the variant PPIs are really the variant PPIs of a
reference PPI. Neither can they check if the containment condition of a variant PPI is
respected or if the relational constraints are respected such as the Overlap Constraint
or the Disjoint Constraint. This is why it is required to have at least basic knowledge

of data base modeling.
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Chapter 8: Conclusions, limitations, and
perspectives

As we have seen in the document, our different contributions aim at integrating
the process performance indicator (PPI) Variability in the context of Customizable
Process Models. Our main goal is to capture and model multiple variants of a PPI
linked to multiple variants of a business process, in a consolidated manner. This
chapter concludes the documents and presents some limitations and perspectives of
our work, providing a summary of the propositions and possible improvements of the
PPIC Method, the PPICT and our software tool.

8.1 CONCLUSION

Customizable Process Models and the corresponding PPIs are usually modeled
separately. Since the support of Process Variability complicates the PPI definitions
and calculations, modeling PPI variants with no explicit link with the related
Customizable Process generates redundant models, making adjustment and
maintenance difficult. Relying on our experience as software publishers for public
administrations, this Ph.D. thesis proposes the PPICT approach. We extend the
Business Process Feature Model (BPFM) approach by integrating PPI Variability to
facilitate the creation and modeling of PPIs in the context of Customizable Process
Models. We presented the Process Performance Indicator Calculation Tree (PPICT) to
model the PPI Variability and the relation between PPIs. The PPICT can be linked to
the Customizable Process Models relying on the BPFM approach to identify the
activities to evaluate and thus answer our second research question. We also presented
the PPIC method, which details the process to integrate the PPl modeling to the
Customizable Process Models and thus answers our first research question. Our

contribution lies in three main axes:

I) A method composed of five design stages to facilitate the design and use
of the PPICT.

I1) A metamodel to formalize the PPICT and its corresponding graphical

notation.

122 Conclusions, limitations, and perspectives



I11) A software tool supporting the method developed on ADOXXx.

The PPIC method is illustrated in a real utility distributor case and has been
validated by PPI developing experts and novices. The validation was carried out
through a user-centered evaluation, which allows the use of the PPICT to model a PPI
family linked to a BP family. Furthermore, the PPIC method complements the related
works of Customizable Process Models by broadening the process variants to be
measured and the measures themselves through the PPI calculation and variability

modeling, thus answering our third research question.

The PPIC Method, which includes the construction and use of the PPICT has
been implemented in a software tool, which allows the executions of SQL queries to
calculate PPIs. The tool integrates query execution and business intelligence systems
to implement all PPI family members. This tool supports the definition and modeling
of PPI references and their corresponding variants, decreasing design-time and
calculation-time of PPIs linked to Customizable Process Models.

In organizations such as INCOM, software publishers need to carry out
mechanisms to enable the evaluation and continuous improvement of Customizable
Process Models. PPICT proposes a mechanism to model PPIs, which are quantifiable,
measurable metrics from data generated during the process. Nevertheless, the PPI
management cannot be restricted only to business process evaluation. It must be
extended throughout the entire business process management lifecycle. That is why
we proposed the PPICT method to secure close bond between Customizable Process
Model design, execution and improvement with PPl design, execution, and
improvement. Thus, we make sure that the PPl management lifecycle is integrated to

the Customizable Process Model management lifecycle.

Our contributions are based on a mapping and a wide analysis of PPIs and
customizable processes used by different utility distributors. The PPIC method
formalizes and exploits the links between process families and PPI families. The
benefits of this union could be measured in terms of reduced design-time to calculate

a new variant PPI.

In the utility distribution context, some PPIs are recurrent and must be deployed
for all utility distributors. This happens because they must present mandatory

declarations to regulatory entities. However, it does not mean that the business
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processes deployed are the same nor that the PPIs are identically calculated. Today,
whenever possible, INCOM deploys the same process variants to avoid re-designing
processes or re-calculating PPIs. This, in other to standardize the business processes
and PPIs. Unfortunately, this implies that the utility distributor must adapt themselves

to the deployed processes.

Currently, the PPICT tool allows the modeling and calculation of INCOM PPIs.
This guarantees that employees can use the PPIC method to model PPI families in the

context of Customizable Process Models.

8.2 LIMITATIONS

PPICT Limitations
A limitation of the PPICT, highlighted in the empirical evaluation, is that there

is no view of the query on a single diagram. Likewise, another limitation concerns
mistakes that users can make in their choice of constraints if they do not know the
theory of sets and if they do not the data to be an analyzed.

Furthermore, the complexity of adding a new relation when the user has little
prior knowledge of the data to be analyzed. The terminology used is sometimes too
complicated for users that are unfamiliar with process families. This task is also
difficult for users who have little prior knowledge of the data and have no access to
the database documentation. Currently, when users make a mistake with the choice of
the constraints, they cannot verify the correctness of constraints and conditions. For

this, it is important to have a minimum of knowledge of data modeling.

PPIC Method limitations
A limitation of the PPIC Method is that when the family of PPlIs is too large, the

position of a new PPI is difficult to determine because there may be several potential
Reference PPIs. For this, it could be useful to propose a potential reference PPI in the
PPIC tool.

Another limitation of the PPIC Method is that we did not model all possible
variants of all deployed BPs of INCOM’s clients. There are more than 150 process
references with more than 7,500 deployed process variants. We have made a

cartography of the two most common variable processes. To use and exploit the PPIC
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method, it is recommended to cartography not only the variable processes but all
possible process variants of those processes.

PPIC tool limitations

The number of utility distributors’ business activities is gaining increasing
importance. Currently, it is difficult to know the maximum number of PPIs and
activities that our tool can support. However, we are sure that the more PPIs there are
in the PPICT, the more complicated it is to find the corresponding reference PPI and

the level at which each PPI should be located.

Regarding the limitations due to the PPIC tool, the automatic detection of a

reference PPI and automatic suggestion of variant PPl should be mentioned.

Also, the user must access the PPI attributes to visualize and execute the query
written in an external tool, e.g., Qlik Sense, Power Bl, etc. Thus, it is necessary to have

a minimum knowledge of Business Intelligence tools.

The PPIC tool does not allow to automatically propose the possible reference
PPIs based on the name of the new PPI and the operators used by existing PPIs. For
instance, if the PPI that we want to add is the Number of Signed Contracts by Portal,

the reference PPI is the Number of Signed Contracts.

PPICT and PPIC Method limitation

Our contribution does not aim to model and calculate PPIs in the context of non-
functional properties such as Service Level Agreement (SLA). SLA refers to the
contractual terms and agreements governing the duration of the service engagement
between the service provider and service consumer. The PPICT approach could design
a PPI family to provide a global overview of SLAS (Service Level Agreement) as long
as there is a business process that generates the corresponding data. As a modeling tool
of Customizable Process Models and a real PPI execution tool, the PPICT can be

interconnected to different databases.

PPICT and PPIC tool limitations

A limitation is that our model and tool do not support PPl modeling based on
NoSQL databases.
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8.3 PERSPECTIVES
8.3.1 Short-term perspectives

Our main perspective would be the modeling of the PPI Variability in business
process families that use non-relational storage systems, e.g., by extending the PPICT
notation, the links between PPIs and by ensuring that the data is data-model agnostic.
Another extension of our contribution could be to automatically identify the possible
variant PPIs, e.g., by identifying a similar PPl name or by identifying the operators
and fields used by other PPIs. The possible extension is an open research topic that
could be explored in our future research. (Diaz, 2020; Diaz et al., 2019, 2021)

8.3.1 Medium-term perspectives

Another improvement would be to propose a potential reference PPI for a new
variant PPI. Likewise, when users choose a PPICT constraint such as the Overlap
Constraint or the Disjoint Constraint, it could be useful to automatically verify if the
variant PPIs are really the variant of the selected reference PPI. Or if the inclusion rule
of a subset of tuples between a variant and reference PPI is respected. It would also be

interesting to check if the relational constraints are respected.

8.3.1 Long-term perspectives

The integration of energy-related metrics referred to as Green Performance
Indicators (GPIs) is a valuable perspective in which the approach could be extended.
Monitoring the level of consumed energy by every process activity (Del-Rio-Ortega
et al., 2019) and evaluating variants relying on GPIs could favor greener Business
Process Models. Our PPICT metamodel could be extended to support the GPlIs in the

context of Customizable Process Models.

We have presented several concepts to define and model PPl Variability.
However, we do not include the feedback obtained during the process execution
because our solution does not use a business process model system. That is why it
could be interesting to integrate an automatic post execution analysis to determine the
advantages and disadvantages of the Customizable Process Model evaluations using

the PPICT, which could be monitored through process mining techniques.
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Appendices

Appendix A

Experimentation interview guide for the PPICT

method
Description Interview guide.
Goal This document contains the questions to ask the experts during the experiment
corresponding to the PPICT.
Diffusion LIG and INCOM.
Dated 03/05/2021
Author Diego DIAZ
Reference Version | 1.4
Participant
Version history
Version | Dated Author Description
1.0 02/28/2020 | Diego DIAZ Document creation
1.1 03/02/2020 | Mario CORTES Modification of Q3 and Q4
CORNAX
1.2 02/03/2020 | Diego DIAZ Update
1.3 03/03/2020 | Nadine Updated questions for an interview guide
MANDRAN
1.4 05/03/2021 | Diego DIAZ Update
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Q1: Your practices

Interview: Diego takes notes and records

e What is your profession?

o Specify the number of years of experience in your current profession:

o Aspart of your professional database activity, how do you calculate indicators?

e Toevaluate the PPICT, we will use the Anemone Counter subpart data model.
How would you rate your level of knowledge about the model? (1 | do not

know; 4 | know very well)
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Q2: Context of the experiment

Interview: Diego takes notes and records

I have just introduced you to the notion of variability of indicators,

e What do you think of this notion of variability of indicators?

e Have you ever encountered this problem of indicator variability?

e What solutions did you use to address this problem?

e Inyour opinion, how are the indicators impacted by process variability?
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Have the participant fill in pages 4 to 7 and then discuss with him that he has proposed.

Q3: PPICT Concepts

We will ask you to rate from 1 to 4 the clarity of the definitions related to the PPCIT
model. If the definition is not clear enough, you can modify it in the comment area.

Concept

Indicator

Reference PPI

Variant PPI

Calculation type

Clarity: I not at all clear... 4 quite clear.

Definition

A strategic and operational measure that can be calculated
differently depending on the processes deployed.

Comments:

Indicator which serves as a basis for the calculation of its
variants in the same family of indicators.

Comments:

Indicator derived from a benchmark indicator from the same
family of indicators. All tuples of a variant PPI before applying
any aggregation or any group by are subsets smaller or equal to
all tuples of its reference PPI before applying any aggregation
or any group by. A non-leaf variant indicator can also be a
benchmark indicator. In addition, a variant indicator only adds
operators to the query structure of its reference indicator. That
is, a variant indicator does not remove any operator from its
reference indicator.

Comments:

Determines how metrics should be calculated based on the
desired outcome e.g., a value, trend, proportion, timeframe, or
compliance rate.

Comments:

Clarity

1234

1234

1234

1234
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Graphic | Graphical visualization of the PPI’s tuples 1234
Representation

Comments:
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Q4: Graphic notation of the PPICT

We will ask you to rate the clarity of the legend linked to the PPCIT model from 1 to 4.
If it is not clear enough, you can modify it in the comment area.

Number of
contracts

e

PPICT Model

Number of Number of .
i ; Number of send Number of Number of active
Egilt?ggg actwsitr:eocrtllt;acts contracts signed contracts contracts
/@ @\
Number of send| | Number of send Number of Number of Signed
Contracts By Contracts By ||Signed Contracts Contracts By
Email Portal By Email Portal

Legend

| Dependon A Complex Optional PPI Configurated Optional PPI
Overlap Disjoint Mandatory PPI Configurated Mandatory PPI

Concept  Definition

Optional Indicator Not Configured
ppI| P s

Comments:

Flag Required Not Configured
PPI

Comments:

Indicator Optional Configured

Comments:

Clarity: 1 not at all clear... 4 quite clear.
Clarity

1234

1234

1234
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Flag Required Configured 1234

Comments:

Link between the benchmark indicator and its variant 1234

Comments:

Link between the reference indicator and its variants 1234
@ allowing the intersection between the PPI’s tuples

Comments:

Link between the reference indicator and its variants not 1234
allowing the intersection between the PPI’s tuples

Comments:

Link between the reference indicator and its variants whose 1234
intersection between the PPI’s tuples is complex.

Comments:
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Q5: Appropriation of the PPICT

Interview: Diego takes notes and records

You have just used the PPCIT for an exercise,

e What do you think?

o Compared to your professional practices, what are the advantages?

e What was easy?

e What are the disadvantages?

¢ What was difficult?
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e How did you use existing indicators to place the new indicators?

e What do you think of the property on tuples: "all tuples of a variant PPI before
applying any aggregation or any group by are subsets smaller or equal to all
tuples of its reference PPI before applying any aggregation or any group by"?

e What are the advantages of this property?

o What are the disadvantages of this property?

e What changes would you make to improve the PPICT?
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Q6: Creating queries using the PPICT template.
Interview: Diego takes notes and records
You have just created queries to calculate new indicators,

e What do you think?

e What was easy?

e What was difficult?

« Compared to your professional practices, what are the advantages of this

model?

e What are the disadvantages?
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o Did the existing queries in the PPICT (SQL view) allow you to create the new

queries?

e Which operators have you refused to create the new queries?

e How did the upper-level indicators help to add the new indicators?

e Can the PPICT (SQL view) help you understand the structure of a data model
that you do not know? What for?

e From your point of view, can the PPICT (SQL view) help you build new
indicators? Why?
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Appendix B

Experimental material: workbook

Description Outils Activables et matériel expérimental
Goal
This document contains the activatable tools and experimental material to use
when experimenting with the PPICT.
Diffusion LIG et INCOM
Dated 03/06/2021
Author Diego DIAZ
Reference Version | PPICT
Participant
Version history
Version Dated Author Description
1.0 02/28/2020 Diego DIAZ | Document creation
1.1 04/03/2021 Diego DIAZ | Update
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PPICT

1. Place the three indicators in the PPICT.

2. Modify the Symbols of the model if necessary.

3. Specify the indicator Number of Meters by Manufacturer as mandatory.

4. Specify the other two flags as optional.

5. Configure mandatory indicators for PPICT.

6. Configure the optional PPICT indicators associated with the diameter.

Nombre de
Compteurs

T

Nombre de
Compteurs par
diametre

Liste numéro de
série des
compteurs

Nombre de
Compteurs Posés
actuellement

Nombre de Compteurs
par diamétre supérieur ou
egal a 200 compteurs

PPICT

Legend

J@\ Cverlap

& Disjoint

Depend on ’6\ Complex Optional PPI

Configurated Optional PPI
Mandatory PPI Configurated Mandatory PPI
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Rules for using the PPICT

All tuples of a variant PPI before applying any aggregation or any group by are
subsets smaller or equal to all tuples of its reference PPI before applying any

aggregation or any group by.

When creating a variant indicator, it is forbidden to delete or delete operators

from its reference PPI.

Adding more than one variant PPI to a benchmark means that it is necessary to

use the relevant symbol.

The possible intersections between the variant PPIs mean that it is possible to

share the tuples of these variants.

The impossible intersections between variant PPIs mean that it is not possible

to share the tuples of these variants.

All mandatory flags must be configured, i.e., selected.
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PPICT (SQL view)

Write the queries of the variant PPIs added previously using the query of the benchmark PPI.

SELECT count(DISTINCT HEQ.EQU_ID)
FROM techequipment HEQ;

\T)\
] SELECT count(DISTINCT HEQ.EQU_ID) |
' SELECT DISTINGCT |
SELECT VOW.VOW_NAME. count(DISTINCT HEQ.EQU_ID) ; TECE.EQU_REALNUMBER WHEE%ONEtaDaE%_EWDEBwEﬁULL |
FROM techequipment HEQ, tecmtrwater TECW, genvocword VOW! | FROM techequipment HEQ, -
WHERE HEQ.EQU_ID=TECW.EQU _| H tecequipment TECE

AND VOW.VOW_ID = TECW.VOW_ DTAM E WHERE HEQ.EQU_ID=TECE.EQU_ID; |
GROUP BY VOW.VOW_NAME; L J

Legend
Depend on A Complex - Optional PPI Configurated Optional PPI

@ Overlap A Disjoint - Mandatory PPI Configurated Mandatory PPI
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Data model

techequipment

tecequipment
T R
EQU_REALNUMBER
EQU_KEY
EQU_SERIALNUMBEF
VOW_EQUSTATUS
EQU_LOT
EQU_YEAR
EQU_OFFDT
EQY_ID

MMO_ID
EQU_TECHINFO
VOW_OWNER
EQU_COMMENT
EQU_CREDT
EQU_UPDTDT
EQU_UPDTBY

HEQ_STARTDT
HEQ_ENDDT
HEQ_CREDT
HEQ_UPDTOT
HEQ_ID

EQU_ID

SPTID

ASU_ID

AGE_POSE
AGE_DEPOSE
VOW_METHPOS
VOW_METHDEP
VOW_REASPOSE
VOW_REASDEPOSE
HEQ_GPSX
HEQ_GPSY
HEQ_GPSZ
HEQ_UPDTBY
HEQ_RANGE

tecmirwater
Euib
VOW_DIAM
VOW_CLASS
VOW_QN
VOow_Q3
MWA_Q1

tecequmodel

EQY_ID
VOW_MANUFACT
VOW_MODEL
MMO_CREDT
MMO_UPDTDT
MMO_UPDTBY

MWA_Q2
MWA_Q4
MWA_CREDT
MWA_UPDTDT
MWA_UPDTBY
VOW_LGMTR

genvocword

'l
VOW_CODE
VOW_NAME
VOW_PRINTNAM
VOW_ICODE
VOW_STATUS
VOW_INTERNAL
VOW_CREDT
VOW_UPDTDT
VOW_UPDTBY
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Appendix C

Notice d’information et consentement

Description Notice d’information et consentement

Goal

This document contains the information and consent notice for the
experiment of the PPIC method

Diffusion LIG et INCOM
Dated 03/06/2021
Author Diego DIAZ
Reference Version | Mars 2020
Participant
Version history
Version Dated Author Description
1.0 02/28/2020 Diego DIAZ | Document creation
1.0 04/03/2021 Diego DIAZ | Update

A copy of this document is given to you, another copy is kept on file.
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Project: PPICT: Process Performance Indicator Calculation Tree

Researcher in charge of the project: Diego DIAZ, SIGMA - LIG - INCOM 2
Avenue de Vignate 38610 GIERES Tel.: +33 04 58 00 20 89 Tel.: +33 (0) 6 67 64 79 83

e-mail: ddiaz@incom-sa.fr

Research locations: UMR 5217 - LIG Laboratory - IMAG Building - 700 avenue
Centrale - Domaine Universitaire de Saint-Martin-d'Heéres Postal address: CS 40700 -
38058 Grenoble Cedex 9 - France Tel.: 04 57 42 14 00

Aim of the research project: The goal of the research project is to study supporting
the variability of KPIs in families of business processes? How to calculate and model a
variable KPI?

What is expected of you?

If you agree to participate in this study, we will take you to workshops to test the
PPICT method. If you agree to participate in this study, you will take questionnaires and
the results of your activity will be kept anonymous. An audio and video recording will be

made during the experimental sessions.
Your rights to withdraw from research at any time

Your contribution to this research is voluntary. You can withdraw or cease
participation at any time. Your decision to participate, to refuse to participate, or to cease
participation will have no effect on your professional activity, your status and your future
relations with the LIG Laboratory - IMAG Building - 700 avenue Centrale - Domaine
Universitaire de Saint-Martin- d'Héres Postal address: CS 40700 - 38058 Grenoble Cedex
9 - France.

The data obtained will be treated with the utmost confidentiality; your identity will
be veiled using a random anonymization number; no other information will be revealed
that could reveal your identity; all data will be kept in a secure place and only the scientific
manager and assistant researchers will have access to it. You have the possibility to
exercise your rights with Diego DIAZ, SIGMA - LIG - INCOM 2 Avenue de Vignate
38610 GIERES Tel.: +33 04 58 00 20 89 Tel.: +33 (0) 6 67 64 79 83 e-mail:

diego.diaz@incom-sa.fr
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Risks

To our knowledge, this research does not involve any risk other than those of
everyday life.

Diffusion

This research will be disseminated in conferences, and it will be published in

conference proceedings and academic journal articles.

You can ask questions about the research at any time by contacting the project

scientist by email at ddiaz@incom-sa.fr.
Consent to participate

By signing the consent form, you certify that you have read and understood the
above information, that your questions have been satisfactorily answered and that you
have been advised that you are free to withdraw your consent or to withdraw from this

research at any time, without prejudice.

To be completed by the participant (PLEASE CHECK)

O | have read and understood the above information and voluntarily agree

to participate in this research.

Last name, First name - Date — Signature
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Appendix D

Example of the experiment results

H1: the experts do not have a formalized method to calculate the indicators.
Non-formalized and non-shareable practices
e Expertl

o Expert 1 has five steps to calculate the indicators:
o "The calculation of customer-oriented indicators".
o "Determine the attributes to use (table fields)".

o "Definition of each indicator".

o "Application control phase using indicators".

o "Decision-making by the client".
o Expert2

o Expert 2 has five steps to calculate the indicators:
o "Frame the problem".

o "Look at the description of the tables™.

o "Look at the data and the values of the tables".

o "To look at the links between the tables".

o "Calculate the indicators".
e Analysis

o Experts do not have formal methods for calculating indicators, but they do
have practices used independently based on their experiences. Expert 2

applies software development methods to the indicators.

H2: The indicators are impacted by the variability of the process and cause uncertainty

on the indicators

Problem already encountered.
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o Expertl

o "l have already encountered this problem, in particular to determine the

right indicator according to the client's needs"
e Expert2

o "l have already encountered this problem because the indicators depend on
what the customer bought, and the processes deployed".

o "I am aware that custom developments cause code management
problems™.

o “The idea is to have a standard software solution with the same parameters.
However, our business involves the calculation of dedicated indicators for

each client”.
e Analysis
o Experts say variability in processes leads to uncertainty over PPIs.
The indicators are impacted by the variability of the process.
e Expertl

o “I define the impact of variability microscopically and macroscopically.
Because it is too complicated to master how a process changes from one
client to another, consequently how the PPIs will have to be calculated”.

e Expert2

o "Since it is very complicated to standardize a software solution, we have

to rewrite the software components and PPIs".
e Analysis

o Experts define the impact of Process Variability in different ways applying
their knowledge of the trade. In addition, the standardization of a software

product is very complex.

How the indicators are impacted by the variability of the processes

Appendices 151



o Expertl

o "l know the difficulty of mastering the evolution of indicators with the
variability of the process and the method of calculating PPIs because we

do not know a client's work 100%".
o Expert2

o "The indicators are impacted by the deployed software and hardware

components used by each client".
e Analysis

o Thedifficulty is linked to the ignorance of a client's data and the specificity
of the client's context. Furthermore, we are not sure of the software

components deployed and used by our clients.
Motivation
o Expertl
o "l recognize that there is a difficulty and unreliability of PPIs".
e Expert2

o "l don't see how | could deal with these problems because software

products are very complicated to standardize".
e Analysis

o Experts agree that there is a lack of reliability in the calculation of
indicators because they do not have tools for mobilizing indicators, i.e.,

tools allowing experts to model and calculate relationships between PPlIs.
Solution created by experts.
e Expertl

o "The source repository is used to control the variability of the processes,
the simplest is to use a standard process, when possible, in other words use
basic PPIs".

e Expert2

o "Standardization of the code as far as possible".
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e Analysis

o Experts often use source repositories to monitor development dedicated to
indicators for each client.

o An expert believes that the easiest way to manage this problem is to
standardize the software and indicators. However, when there are more
and more customers, each is organized differently, standardizing the

software and indicators is impossible.
H3: experts differentiate the main concepts of the PPICT.
Clarity of definitions related to the PPICT.
o Expertl

o "Use a more specific definition for a variable PPI, so you could split the

definition of what is an unchanging indicator and what is a variable PPI".
o Expert2

o "A father PPl must have a son; | prefer the definition father rather than
reference”.

o "l prefer the definition son instead of variant.”

o “Alot of terminology it is possible to simplify the terminology for a more

intuitive understanding e.g., records. »
e Analysis

o It is indeed possible to divide the definitions of an invariable PPl and a

variable PPI.
o An expert prefers simpler definitions like father and son as well as

registrations instead of tuples.
H4: Designers take ownership of the PPCIT model and manage to add new indicators.
Advantages of the PPICT - natural language tree
e Expertl

o "PPI Validity ".
o "The PPICT makes it possible to legitimize the work vis-a-vis the

calculation of PPIs".
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o "Master the reliability of the request because the logic of connection of the
tables is better perceived".
o "The PPICT improves the quality and purpose of the request".
o "Capitalize on indicators and group them according to contexts or clients".
o "Ease the interaction between the designer and the client".
o "The PPICT has a speaking language for the customer".
e Expert2
o "The model is well formalized".
o "The model has an understandable structure™.
o "It's easy to use and talking".
o "Everything was easy on simple indicators".
o "Adding filters is easier than adding new tables".
o "The wording, which is to say the name, makes it possible to place an
indicator very easily".
o "The beginning of the sentence identifies the father".
o "The inclusion rule of tuples allows users to know the information of an
indicator without executing the request".
e Analysis
o Experts have given very good comments on the tree structure in natural

language, however there are limits concerning the number of PPIs per

family.

Disadvantages of the PPICT - natural language tree

e Expertl
o "There is no vision of the request on the first tree".
o "Problem in positioning an indicator when it has two potential fathers".
o "Problem with the size of the tree if there are a lot of indicators".
o "Classification of an indicator in a group that is too large no doubt
difficult™.
e Expert2
o "Adding new tables can be complicated".
o "From second grandson the insertion of SQL code becomes easier".
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o "The definition of a complex intersection needs to be clarified".
o "The terminology is not intuitive son and father".
e Analysis
o According to expert 2: the definition of a complex intersection in the
PPICT resembles the definition of a possible intersection. It is therefore
essential to restructure the definition of the concept of complex
intersection.
Improvement
o Expertl
o "Suggest possible fathers for the new indicators".
o "Indexing of father indicators".
o "Have a research system on the definition of indicators".
o "Have a search system on the query for calculating indicators (table name,
ID, fields to use)".
o "Tuning helps define the structure of the request and improve
performance”.
o "Indexing of tables".
o "ldentification of primary keys".
e Expert2
o "The inclusion rule of tuples needs to be clarified as this is more
understandable as a recording”.
o "It is possible to review the definition of certain concepts such as that of
father for reference, son for variant and records for tuples".
e Analysis
o Several possible improvements were mentioned by the experts. For

example, Propose the possible fathers for the new indicators thanks to a
search system allowing the indexing of the tables and fields to be used, this
improvement is very relevant for a PPICT having many modeled
indicators. Furthermore, it is essential to review the title of the reference
and variant concepts because this would be easier to interpret as father and

son.
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o Some improvements suggested by the experts will be implemented in
future versions of the PPICT, everything that is looking for key indicators.

Reuse of indicators
o Expert

o "Facilitates the work of the designer of indicators because it allows users
to reuse queries already built based on the good definition of the inclusion
rule of tuples".

o "Allows use of the beginning of the indicator name sentence to add new

indicators".
o Expert2
o "Reusing flags is easier when it comes to a shorter name".
e Analysis

o The PPICT makes it easier to identify the indicators requested by
customers since it is a natural language representation, designers and

customers can easily identify
H5: the PPICT allows you to place the new indicators in the tree structure
PPICT tree - natural language part
e Expertl

o "The tree structure of the PPICT makes it easy to place the indicators
because, according to the definitions given, one indicator is different from

another".
e Expert2

o "The tree structure allows to follow a hierarchy allowing to know the data

without executing the indicators".
e Analysis

o The tree structure is intuitive, however the placement of an indicator with

potentially two fathers should be clarified.
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Limitation of errors
o Expertl

o "Having already prepared queries reduces errors by building cleaner

queries"”.
o Expert2
o "The expert did not speak of limitation of errors".
e Analysis

o Since we already have a logic of the tables, we can reduce the writing

errors of the new requests.
Difficulties of the tree structure
e Expertl

o "You have to be able to place the indicators according to the different

possible fathers".
o Expert2
o "When the wording is too long, we risk getting lost".
e Analysis

o Expert 1 noted the need to be able to place the indicators more easily
according to the possible fathers, especially when the PPICT is very large.
Expert 2 noted a difficulty in placing the new indicators when the indicator
labels are too long. One possible solution would be to suggest the possible

fathers of a new indicator from the labels thanks to a search function.
Perception of graphic notation
e Expertl
o "it'sclear."
e Expert2

o "Link between the indicator of reference to its variant is clear but one can
add an arrow to indicate the direction".

o "Combination of possible and impossible intersections"
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e Analysis

o In general, the experts appreciated the notation a lot because it is
understandable, however certain concepts need to be improved such as that
"depends on" by adding an arrow to indicate the direction of the son. Thus,
it is possible to eliminate the complex intersection to leave the possible

intersection.
H6: expert creates SQL queries using the PPICT.
Add requests.
o Expertl

o "Seeing the existing queries in the PPICT, it allowed me to use the existing

SQL structures to create the new queries".
e Expert2

o "Take a grandson as an example and be able to place him elsewhere".
o "Improve the definition of the complex intersection because it seems to be

a possible intersection”.
e Analysis

o Regarding the PPICT-SQL tree, expert 2 mentioned that it is easier to start
writing the request for a variant indicator than that for a reference
indicator. That is to say, start by writing the low-level queries and then
write those of the high level.

o Regarding the PPICT-label tree, expert 1 mentioned that it is easier to start
placing the new indicators from top to bottom because the labels are
shorter, and therefore more compressible.

o The PPICT is flexible and adapts to different business practices.
PPICT as a software tool
o Expertl

o "If the PPICT were a software tool, the expert could help place the new

indicators by identifying the possible fathers".

158 Appendices



o Expert2

o "l wonder how the software tool would be implemented because it would
allow to use good practices for the calculation of indicators how to avoid

the select between select and the links between the tables using the where".
e Analysis

o We note that a software tool would be very appreciated for the calculation

of variable indicators in the profession of software publishers.
Speed and efficiency in creating snowshoes.
o Expertl

o "The PPICT allows you to quickly design the SQL queries associated with
the indicators, taking into account the correct syntax and definitions made

by customers".
o Expert2

o “Regarding the indicator Number of Meters per Manufacturer, | took a lot
of time because it is necessary to add many operators to the request.

However, for the other two it was easier”.
e Analysis

o Separating the natural language part and the SQL query part makes it
possible to differentiate the indicators to be viewed by a client and the
design to be implemented by the developers.

o We note that it is much easier to add certain missing operators to the
indicators located at the bottom of the PPICT because in general these

indicators have more information than those of the higher level.
Advantage of the PPICT SQL tree structure
e Expertl

o “The model becomes complex if it has a lot of indicators. Since the idea is
to facilitate the work for the designers of indicators, a means should be

provided to delimit the quantity of indicators per tree.”
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o Expert2

o "The simple fact of adding filters to the grandson indicators reduces the
time taken to design queries while keeping good practices for calculating

indicators".
e Analysis

o Limit the number of indicators per family and can be a solution to prevent

the tree structure from becoming complex.
Disadvantage of the PPICT SQL part model tree
o Expertl
o "The space to write requests is very small™.
e Expert2

o "The colors linking the data model and the PPICT in SQL part, are badly
put because it is possible to use one color per field".

e Analysis

o The colors that link the data model and the PPICT SQL model are

inconsistent. We could use only one field color.
H7: existing queries in the PPICT allow you to create new queries.
Existing queries optimize the design time of new queries.
e Expertl

o "Only the father requests allowed me to create the new requests by looking

at the necessary and not wasting time in the design".
e Expert2

o "The grandson indicators allowed me to optimize the design time of new
queries, however for the query Number of Meters by Manufacturer, | had

to understand the data model to add the missing operators".
e Analysis

o In conclusion, the more information we have in the PPICT SQL part

model, the easier it is to add new operators. That is, designing an indicator
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that is in a lower level, i.e., grandson will be easier than designing an
indicator that is in a higher level, i.e., father.
o The design time for a higher-level indicator is higher than the design time

for a lower-level indicator.
Language PPICT party SQL speaking
o Expertl

o "This removes the fact of looking elsewhere because it is a speaking
language, and we quickly find our way in the model to be able to define

the fields to use".
o Expert2

o “It's still SQL language. For people who master SQL. It is relatively easy.
However, it is necessary to check how we could reuse the operators
missing from an indicator of the upper level but present in an indicator of

the lower level”.
e Analysis

o The syntax of the PPICT SQL model did not have a problem of
comprehension. However, it is necessary to check how to help the experts
to more easily add the operators of a child indicator of the higher levels.

H8: Understanding of the data model as a result of using the PPICT.
Level of understanding of the data model
o Expertl

o “The model allows us to remember the structure of the database and
contextualizes us on the domain. The model offers ready-made design
bricks to save time in building queries and understanding the logic of
tables”.

o Expert2

o "This model allowed me to learn how to calculate the indicators associated
with counters in the Anemone models".
o "More indicators exist in the PPICT more information we will have to

understand the data model".

Appendices 161



e Analysis

o

Even if some indicators were more complicated to calculate than others,
we find that the experts managed to understand the model concerning the

fields used in each indicator.

Validation and automatic inclusion of indicators

o Expertl

©)

"It is a tool for modeling and designing indicators for beginners and data

model experts".

o Expert2

o “Automatic inclusion is based only on the father's SQL structures. This
represents a reduction in the time spent on the design and inclusion of
existing operators”.

e Analysis

o Inconclusion, the PPICT is a tool that is used to build indicators that can
be used by beginners or SQL experts according to the opinion of an expert.

o Automatic inclusion of the father's SQL structure is essential.

o Possible improvements to the PPICT.

o  Definition.

o The notion of Tuples needs to be clarified as this is more understandable
as records.

o Review the definition of Reference and Variant PPI because it is more
understandable to speak of Father and Son.

o PPICT-label.

o Suggest possible references for new indicators to add.

o Research system on the definition of PPI.

o PPICT-SQL.

o Search system on existing queries by table name and fields to identify
potential operators to use.

o Define the request structure to improve performance.

o Indexing of existing query tables.

o ldentification of primary keys of existing requests.
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