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Post Execution Analysis of Business Processes:
Taxonomy and Challenges

Abstract

Business process modeling is used for better understanding and communica-
tion. Mostly, business process modeling is discussed from information system
development perspective. After execution of business processes, various objects
become important and have to be represented in business process models. The
process models conceived for information system development are not sufficient
for the post execution analysis because different focus of conception for these
models. In this report, we discuss the characteristics of business processes and
provide a classification of involved objects and their attributes. We also identify
the limitations of modeling languages for the post execution phases and discuss
the characteristics of an analytical modeling language. Therefore, the purpose of
this report is to provide motivation for further research on business process models,
which can be effectively used in business process analysis and improvement.

Keywords: Business process modeling, analysis, evaluation, improvement
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1 Introduction

Business processes (BP) are often represented in a graphical way for easy communica-
tion between stakeholders. The intuitive nature of models and explicit representation of
business objects improve the overall understanding of business processes. Different past
developments in enterprises and information technology triggered the development of
different sets of models [57]. Business process analysis aims toward the improvement of
business processes and their efficiency at a company wide level. Many papers demand
an accurate and complete representation of business processes for analysis [1, 13], im-
provements [14,56], and for reengineering [29].

Different phases of process management (from initial setting to optimization) re-
quire different models [1,30,36]. Phalp and Shepperd distinguish the usage of business
process models into two types [35]. On the one side software development is in focus,
whereas on the other side, restructuring of business processes is the priority. Diagram-
matic notations are used for software development where a focus is on a certain perspec-
tive. Different models and views are required for restructuring and analysis of business
processes [1]. Most of the modeling methods address only the needs of information
system development purposes.

Process Mining techniques [51] provide excellent opportunities to extract knowl-
edge from business process executions. Process mining fits between the business pro-
cess models and business executions. Most of the research in process mining is fo-
cused on alignment of information technology and business processes. It also provides
different statistics for analyses. Limited research is carried out to represent process
knowledge through business process models for improvement. Currently, information
is represented with key performance indicators (KPIs), statistics, or visualizations (e.g.,
pie charts or histograms) which is too abstract and does not provide process details to
business analysts. Business process modeling has to be investigated for adequate repre-
sentations of business processes especially after execution.

This technical report reviews the limitations of modeling languages in post execu-
tion analysis context and shows the need of research in process modeling for business
process improvement. Furthermore, a classification of involved business objects and
their attributes is also provided for including them in business process models.

1.1 Motivation

Availability of analytical data and records of business objects in business process exe-
cution provide the means to analyze processes more carefully. In process mining [51],



logs of business processes (after execution in systems) are taken and analyzed in differ-
ent ways like delta analysis [47] or organizational analysis [S0]. In the coming years, a
big market share will be taken by analyses of business processes and its tool as indicated
by Gartner research report [3].

Different notational approaches are required for different modeling purposes and
audiences as stated in [36]. Most of the modeling languages are designed for the devel-
opment of information systems. Some articles in business process analysis use business
process models in post execution analysis phases. However, using these modeling lan-
guages for analyses of business processes is not appropriate, especially after execution,
as these models are not designed for this purpose. Some challenges of modeling lan-
guages for post execution analysis are mentioned in Sect. 5.

There are some approaches for analysis of business processes and its models; how-
ever, they address only the correctness of business processes before execution. These
approaches attempt to address the challenge of identifying the structural deficiencies in
models like studies in evaluating event process chains (EPC) business models [31,55]
or Petri nets [2,46]. However, syntactically and semantically correctness of business
models does not guarantee the execution in reality as planned [17].

Different business process models address certain perspectives of business processes.
Models of different perspectives have to be consulted before a decision is made. These
models may exist at different abstraction levels and therefore, consulting such models
may create ambiguities. A consistent and integrated view of business processes has to
be represented in business process models. For business process improvement (BPI),
such models should have focus on post execution analysis of business processes and
address the challenges in post execution context.

Similarly, current business process models (and analyses) do not give directions
what exactly should be done to improve results and profits. In [49], authors demand that
analysis of business processes should result the instructions or guidelines as in case of
navigation system. For example, for reaching a destination, directions like take 300m
right and then 200m left are very helpful. Similarly, in case of business processes, what
action and operations should be taken to make improvements in business processes?
How this can be achieved is a challenging task and needs further investigation. Business
process analyses with descriptive graphical methods can answer such questions and
provide substantial results in business process improvement and optimization [14].

A motivating example is introduced in the following which is taken as a case study
to explain the concepts of this technical report.
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Figure 1: Product manufacturing example

1.2 Motivating Example

Consider a small and simplified business process given in Fig. 1 where five activities are
executed to manufacture a product. Here, we used Petri nets to represent the business
process because of their formalism and abundance of analysis techniques [44]. In this
process, first the parts are collected in activity A followed by activity B and activity C
which are executed in parallel. These parallel activities assemble the specific parts of
product independently from one another. After completion, the quality of assembled
parts is checked (not represented in the model because of abstract representation). If
the assembled parts meet the quality requirements, then product is packed in activity
D and the process is completed. If the assembled parts do not fulfill a desired level of
quality, then activity E is executed which disassembles the parts. Assuming that there is
no loss during disassembly process, some part of the process has to be repeated again.
Therefore, activity B and activity C will be executed again. In Table 1, the log of some
case executions is shown with respect to their occurrence in simulation, reality, and
conformance between them.

Assume that in activity C parts are not assembled according to standard and caused
the part of the process to repeat. This means that activity B should not be repeated again.
However, because of AND construct(parallel), the simulation software will generate the
log containing activity B and activity C as well, and thus indicates that activity B and C
are carried out again. However, in reality only activity C will be repeated. This is shown
in Case 2 of Table 1.

This scenario shows the problem of right level of detail (granularity) in the model.
A more detailed model would check that in case of an AND split and iteration which
parallel activities are already performed with the satisfied level of quality. Therefore, op-
erations are performed only on those activities which are not at the desired quality level,
1.e. activity C in the presented example. When the model is extended with attributes and



Table 1: Simulation and reality log with conformance

Cases | Simulation Log Reality Conformance
Case 1 ABCD ABCD Yes
Case 2 ABCEBCD ABCECD No
Case 3 ABCEBCD ABCEBCD Yes
Case 4 ABCEBCD ABCEBD No

their values, then it is possible to infer which activity will be executed again. Workflow
management systems based on the process model of Fig. 1, will allocate the resources
to activities (like activity B) which may not execute in case of iterations. Moreover,
the model represented in Fig. 1 does not give any information about the rationale for
decisions and involved objects. With such motivation in mind, we investigate the chal-
lenges of business process modeling in the post execution phases and characteristics of
analytical modeling language that will help in business process analysis.

The structure of the report is as follows: First, business process management (BPM)
lifecycle and modeling are discussed in Sect. 2. Post execution analysis phases and
its representation are discussed in Sect. 3. We also provide a classification of involved
business objects to build models for improvements in Sect. 4. Several challenges of
modeling in post execution analysis perspective are mentioned in Sect. 5. Section 6 dis-
cusses some anticipated characteristics of an analytical modeling language. In Sect. 7,
these characteristics are explained with the help of a case study. We also discuss the
importance of the anticipated characteristics and models for business process improve-
ment in Sect. 8 by providing examples of the analytical queries. Section 9 mentions
related work in this domain, followed by the Sect. 10 which summarizes this report and
presents the future work.

2 Business Process Management Lifecycle & Modeling

To achieve goals and objectives of enterprises, business operations are carried out in
a defined way. This specific way is called business process and defined as an ordered
set of activities performed by organizational resources to transform inputs into outputs.
Business Process Management (BPM) is used for effective management of business
processes (BPs). Depending on the granularity of details and area being addressed,
BPM is divided into different phases. An abstract view of business process management
phases is shown in the Fig. 2.
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Figure 2: Business process management lifecycle adopted from [18]

Business process modeling is considered as the first and the most important step
in BPM [52]. Graphical business process models are used as a tool for the commu-
nication between stakeholders. Business process modeling has increased the ability to
understand business processes and to make rational decisions for organizing activities
in a best possible way [11]. Business process modeling is used in different phases of
the BPM lifecycle, like, from identification of business processes to implementation in
information system, and improvement after its execution.

Different starting points are possible in the BPM lifecycle depending on the context
of discussion. A new enterprise starts from defining its objectives and then to planing
phase; which is a starting point for business process reengineering (BPR) [19]. In plan-
ning phase analysts conceptualize the operations of enterprises that describe how enter-
prise goals can be achieved? Domain experts design a detailed model of business pro-
cesses which defines how company’s operations will be carried out. EPC models [41],
Flowcharts [20], and other models are used for communication during this phase.

Once business processes are designed then these are implemented in an organiza-
tion. For efficiency, business processes are supported with information technology (IT).
The implementation phase of business processes with IT can have similar phases like
BPM phases, because business needs and requirements have to be mapped into IT ser-
vices to provide the IT support. So activities of BPM phases can also be carried out in
the implementation phase like first plan and design of IT services, and then their au-
tomation. Different business process models are used during these activities of phases
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Table 2: Models in business process lifecycle

Phase Activities Stakeholders Models
Planning Identification Business  analysts | Flow charts, EPCs,
and designing | and domain experts | and Use cases
Implementation | IT phases, | IT team UML, ER dia-
simulation, grams, BPMN,
deployment, Petri nets
and execution
Evaluation Performance Executives, = man- | Statistics (different
analysis agers charts, KPIs)
Improvement | Optimization | Business analysts, | Same models
and  reengi- | process owners which are con-
neering ceived for earlier
phases

like object oriented UML! diagrams [39] or BPMN? [5]. Before implementation, busi-
ness processes and models are validated using simulation, e.g., Petri nets are used to
simulate the business process.

Business process instances are initiated by a defined event, for instance, order sent
by a customer. Resources carry-out operations on inputs with the help of information
systems and transform the input into outputs. In this way, business processes are exe-
cuted in information systems.

After execution, the operations of business processes are analysed for performance
and other analyses. Different measurements are carried out to measure the performance
of business processes like the actual values of business objects are compared with the
target values. The post execution analysis indicates deficiencies in the current systems
and areas where business processes have to be improved. These deficiencies are tried
to be avoided in improvement phase and in subsequent phases of business processes.
Therefore, the company’s goals are achieved efficiently in the future. Models used in
different phases of a business process lifecycle are conceived to fulfill requirements of
these phases. Table 2 shows different models with respect to their focus of development
for activities of phases in a business process lifecycle.

Several gaps occur in BPM lifecycle due to lack of communication, especially dur-
ing the transition from one phase to another phase. The gap of communication in re-

'www.omg.org

Business Process Modeling Notation, see www.bpmn.org
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quirement phase of software engineering is tried to overcome with different models,
e.g., for object oriented UML diagrams, as addressed in literature of software engineer-
ing [4]. Similarly, the gap exists between implementation of the business processes in
IT as discussed in [24]. Due to these gaps, business processes are not executed as the
way they are planned as discussed and addressed in process mining literature [48,51].

3 Post Execution Analysis and Representations

Information systems record the interaction between resources, business objects and ap-
plications during business process execution. Post execution analysis of a business pro-
cesses uses these records to provide quantitative (like processing time) and qualitative
(like structure, customer’s and employees’ satisfaction) measurements for performance
evaluation. Data about the involved objects and their attributes can be collected from
log files and database tables. Different analysis methods are used during this phase.

Business process analysis after execution attempts to provide answers of several
questions like what is actually happening in the system? Which are the business ob-
jects involved in execution? How are the processes executed? Where are the defi-
ciencies/problems? What are the reasons of problems? Whether business rules are
completely followed or not?

Different analytical techniques provide statistics about business process executions.
Process mining is an analysis technique in which logs of information systems are used
for analyses. Process mining technique aims at identifying the quality of process model
and adequacy of execution environment [8]. The focus of process mining is on process
structure itself rather than data perspective [53]. Currently, the knowledge in post execu-
tion analysis is represented at abstract level using charts and other models. For a better
support in business process improvement, knowledge should be represented along the
process structure with more details within business process models. By doing so, mod-
els provide further insights to processes and enable analysts to carry-out improvements
at the process structure level.

In the Fig. 3, the business process lifecycle is divided into two parts, the part on
right-hand is before execution and the part on left-hand is after execution. This figure
is adapted from earlier work [18] where the difference between approaches of business
process re-engineering (BPR) [19] and continuous process improvement (CPI) [21] is
explained. The evaluation phase is the entry point for continuous process improvement
where an existing system is evaluated and analysed for improvement.

The right-hand part has more focus on the implementation of business processes.
The right-hand part is considered for business process re-engineering (BPR) and their

12
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Figure 3: BP lifecycle with focus of modeling adopted from [18]

management. Most of the existing modeling methods are strongly influenced from the
right-hand part only i.e., software development [12,56]. The left-hand part focuses on
process evaluation, analysis, and improvement. The process modeling has to be further
investigated for the left-hand part because existing models are conceptualized only for
the right-hand part.

Models for right-hand part, have different focus and level of detail to model. For
example, abstraction is required for activities of right-hand phases and certain details
are not considered during modeling (like implementation details, execution). Whereas
for the activities of left-hand part phases, detailed representation is required to find out
the deficiencies for optimization and improvement. For post execution phases, we need
models which have more focus on business domain and at the same time also support
details from IT domain.

Figure 4 positions different models with respect to their focus of development with
regard to BP phases. Two dimensions are shown in Fig. 4 where different phases of a
business process lifecycle are represented in horizontal axis and vertical axis represent
the focus (Business and IT). In Fig. 4, we do not give precedence to any model within a
phase and focus. Figure 4 shows that statistical techniques are used for evaluation and
lack of models for evaluation and improvement phases. We found that graphical models
for evaluation and improvement phases is still an open issue and need to be addressed.
We also recommend that the anticipated analytical modeling language should have more
focus in a business domain rather than information technology.

13
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The gap will occur when existing models are used for evaluation and improvement
as these models will not provide complete details. Therefore, there is a need to fulfill
this gap and provide models for continuous process improvement (CPI) and for over-
all business process improvement. This representational gap in post execution context
is further explained in the following Sect. 5 where we explain several limitations of
modeling languages.

4 Characteristics of Business Processes

Business processes are characterized by involved business objects, their characteristics,
and flow of activities. Different business objects are involved in business process exe-
cutions. The operations of business processes are carried out on these business objects
according to a specific set of rules. The business objects are characterized by their
attributes (characteristics). These attributes are modified during business process exe-
cution which drives the flow of instances in execution. Analyzing the processes with
involved objects, their attributes, and rules are considered as breaking down the process
into details that provide the opportunity to think creatively and to perform individual
analysis. This helps to improve existing processes and services for customers.

Which objects and their attributes should be represented in models by an analytical
modeling language is a challenging question. To overcome this challenge, we provide a
classification of business objects, their attributes, and rules (flow of business processes).
Objects are classified based on their participation in execution and type of the element

14
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[ Objects | [------- Instance

| Operational | | Organizational | [ Environmental |
. Resource { ! Employee { : Rules !

Figure 5: Classification of business objects

itself. We classify attributes of objects based on their contribution or role in analyses.
In the following sections, we provide further details on this classification.

4.1 Classification of Objects

Business objects are classified based on their participation in operations. A classifica-
tion of business objects helps analysts to understand which kind of objects are involved
in the execution. Mostly, the concept of business objects is used in the software de-
velopment lifecycle like objects discovered in analysis phase and then converted into
classes in design and implementation phases. Therefore, these are discussed in soft-
ware development perspective in the literature [16,43]. Four kinds of business objects
(people, places, things, and events) are described for business object modeling purposes
in [33] where authors also presented the collaboration patterns for a clear communica-
tion of business requirements about the product. In Fig. 5, we provide the classification
of business objects based on their participation in the executions.

4.1.1 Operational Objects

Operational objects are involved in executions of tasks in business processes. Different
operational objects interact with one another to complete the execution. These object
types are highlighted in following.

Resources perform operations on inputs and transform them into outputs which
can be further taken as input for other operations or as a final output of the process.

Functional objects are the objects which are related with the operation of tasks,
these objects help in transforming input into output like operational guidelines, check-
lists, and invoice of products.

15



Derived objects are informational objects derived from other objects and fulfill in-
formation need of the processes, for example, quantity in stock, total quantity, invoice
total, customer history profile, and available capacity. These are dependent on execution
of business processes which modify the objects from where these objects are derived.

Categories of operational objects are flexible because one object can belong to dif-
ferent categories depending on participation in a business process. Like outputs of one
process is input for another process, e.g., order is output of order receiving process and
input for production department.

4.1.2 Organizational Objects

Organizational objects perform operations in business processes by making interactions
with other objects. Resources discussed in Sect. 4.1.1 are also organizational objects
and further classified in different types. Examples of organizational objects are humans
(employees), machines (operating machines, vehicles), and organizational units (build-
ings, departments, and organizational roles).

4.1.3 Environmental Objects

These objects are related with the environment of a business process where executions
take place. These objects may reside outside the control of enterprise. We classify
the objects based on their perspective under which it occurs. Different objects affect
the execution and operations of a business process. Some examples of such factors
are business markets (changes in customers’ demands, technologies, currency rates,
shipping rates), governmental issues (taxes and legislation rules), and natural conditions
(weather and disasters).

4.2 Classification of Attributes

Attributes of objects are classified based on their participation in a different analysis.
Attributes of objects from one kind of analysis can be combined with other attributes
and objects that provide the basis for new analyses. In this way process of creative
analysis evolves. Some analyses consider attributes of objects while other focuses on
the attributes of a process after an instance is executed. Some kinds of analysis are
described below with examples of attributes analyzed in analyses. Figure 6 shows the
classification of attributes and the following sections discuss them in detail.

16
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4.2.1 Temporal Analysis

Business processes are analyzed with respect to time for measuring the efficiency and
performance of involved objects. Examples of attributes involved in such analyses are
total manufacturing time, operational time of tasks/activities (time in execution), waiting
time, customer negotiation time, and other temporal metrics for performance evaluation.

4.2.2 Financial Analysis

In this type of analysis monetary characteristics of objects are analyzed and their par-
ticipation in business processes. These are critical identifiers for business processes
as it have a major effect on overall cost and business. These attributes can be further
classified based on their participation in business analysis like stock and flow. Stock is
referred as quantity (money and goods) of a company at a particular time while flow
is the transactions of objects occurred over a time period. Examples of attributes of
business objects are money, quantities of products, purchase invoice, and receipts of
payment (flow of money). Activity based costing is an example of such analysis.

4.2.3 Organizational Analysis

Different characteristics of organizational objects are included in an analysis to measure
efficiency and effectiveness of organizational resources (employees/machines) like to
determine the usage/performance of resources (machines) in business processes. Such
analyses also used to see the interaction between different organizational resources (em-
ployees) like social groups as described in [50]. Such an analysis provides answers to
questions how resources collaborate with each other to carry-out the task or which em-
ployees are involved in task execution.

17



4.2.4 Information System Analysis

In this analysis different objects and attributes related with IT system are analyzed like
status of different components, their performances, and other details. In such analysis,
users are concerned with the information system because other systems fall in organi-
zational resource category. Therefore, program views/screens, executed functions, and
elements/information accessed during execution are considered in this analysis. Such
analysis helps to answer the question like how well IT systems are aligned with business
operations? In which areas this alignment can be further improved?

4.3 Classification of Rules

Enterprises define their policies according to which operations of organization are car-
ried out. These policies are further specified into a set of business rules. Business rules
are also implemented as conditions. Conditions are evaluated and based on this result
certain activities are executed in business processes. Conditions are of different types
like pre-conditions and post-condition.

Before performing any operation, an activity of a process checks whether the pre-
conditions are fulfilled or not. Examples of pre-conditions are completion of previous
activity in sequence and availability of resources. Once pre-conditions are fulfilled, then
operations of activity are carried out. Conversely, post-conditions ensures that system
is in a stable state and all related attributes of elements are updated. Pre-condition
and post-condition concepts can be applied to any granularity level of detail like at an
abstract level or detailed level. Depending on the context, pre and post conditions can
be optional for activities.

Several other types of business rules and conditions also exists like logical, event
or time-specific, and probabilistic. For example, if weight of product is greater than a
certain value, then a particular shipping method is used. An example of an event oriented
rule is like that when customer payment is received then the product is dispatched to the
customer. In time specific example, a salary is transferred at the end of a month or
insurance deducted from an account on certain time. Rules and conditions are applied
and sometimes relaxed based on events and characteristics of instances. For example,
handling of vip customers in which certain conditions are relaxed for a certain time like
confirmation of payment.

18



4.4 Business Process Flow

Business rules, events, and involved business objects affect the flow of business pro-
cesses. Flow of business processes is investigated under various perspectives like con-
trol flow, organization flow, and information (data) flow. Control flow focuses on execu-
tion of activities and addresses what activities should be performed and in which order
(for example, sequential, parallelization, and iteration). Organizational flow investigates
which organizational objects perform actions over activities and where these activities
will be carried out. Information (data) flow focuses which information (data) elements
are consumed or produced in activities and what are their interrelationship.

4.5 Data Collection, Computation, and Representation

Data about business process characteristics like involved business objects and their at-
tributes can be collected from an information system’s log files, tables, companies doc-
uments, and other resources. Afterwards, this data is computed to provide different
statistics and details about execution. Some of the measurements are very common in
practice and can be collected from an information system. Details on data collection
and computation of business objects are out of scope of this paper and will be addressed
in future work.

Mostly attributes are represented with involved business objects. Sometimes at-
tributes are applicable for overall process rather to a specific instance or business ob-
ject. In this case, they are represented with a process itself. Similarly, business rules and
conditions are represented where they are applied to provide the rationale for decisions.
For post execution analysis, descriptive models are required and all details are needed
to be represented in models for analysis.

S Representational Challenges of Modeling in Post Ex-
ecution Phases

Several surveys [1,22,42,56] and comparisons [13, 28, 38] discuss the limitations of
modeling languages and current challenges in the business process modeling domain.
Their findings show that user’s demands are not satisfied and require further research
in business process modeling [22]. When business processes are modeled for current
status analysis and improvement, then their requirements are more as compared with
simple representation of processes for understanding [1, 13]. This requires the enrich-
ment of business process models with details and requires new constructs to represent
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reality. Focusing particularly on the evaluation and improvement phase after execution,
the representational challenges are discussed in the following subsections.

5.1 Environment of Business Processes

In a recent survey of modeling techniques [38], authors found that only few modeling
techniques represent a business process environment in their models using some con-
structs. The absence of environment factors from models makes analysis difficult for
analysts to understand the execution of business processes and their performance. This
is because of external factors (time, weather, market’s condition, employee’s skills, and
others) which have a direct effect on business operations.

5.2 Elements and Attributes

Most of the business process models do not represent the elements and attributes in-
volved in business process executions. The involved elements and attributes are implic-
itly assumed as present before execution. Because of this, the dependencies are implicit
and do not provide details in the analysis after execution. Different articles discuss the
importance of explicit representation of attributes in business process models, for in-
stance [1,7, 14,30]. For example, in Petri nets, the presence of all involved elements
is abstractly represented by a token (dot). Similarly, the rules and other assumptions
are not explicitly represented in models. The representation of involved elements (busi-
ness objects) is important for a business analyst who wants to analyze the participation
role played by these elements in business process execution. In [23], authors found that
activities extended with attributes provide a better capability for process analysis.

Incomplete representation of elements in process models is discussed in [38] where
authors see it as main hindrance for specification of rules. For example, representation
of kinds of objects like gold/silver customer is still missing in the process models. Based
on characteristics of cases, different process structures/paths are followed.

5.3 Representation of Successful and Failure Paths

The perspective of business processes and involved elements is not fully represented
in business process models. For example, how weak structures in process models can
be identified and represented. The weak structure means that the path on which often
process executions leads to failure or most of the time is consumed without significant
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contribution, e.g., iterations. What are the alternative paths to avoid from such struc-
tures for improvement and optimization? The best practices of carrying out business
operations are also needed to be represented in business process models.

5.4 Structural Challenges of Business Process Models

Restrictions of most modeling languages are not compliant with business processes that
occur in reality. For example, few modeling languages apply the structural restrictions
on process models like workflow nets [45] where more than one input place are not
allowed because of the complexity in its formalism, validation, and verification. Sim-
ilarly, explicit representation of other involved elements is also often avoided. Due to
this, business process models do not represent the details of reality. In a real business
process more than one starting place can occur and it requires all business elements to be
represented explicitly. This question requires further investigation that how the reality
should be represented in business process models.

5.5 Simulation, Reality, and Representation

In case of loops, certain paths are highly unlikely to be executed in real life. Consider
the example presented in Sect. 1.2, in this case activity B will not be repeated in case
of failure by activity C. Because process models represent details at an abstract level,
therefore the model represented in Fig. 1 show that activity B will also be repeated.
Simulation logs of this model will also generate activity B as repeated activity which is
not repeated in reality as discussed in Sect.1.2. Apart from the problem of granularity
level in process model of 1, various conditions and objects are involved in business
process execution due to which simulation of business process does not represent the
reality. Representation of business processes in reality requires the extension of current
modeling languages.

5.6 History Construct

Business process models lack in representing the history of process instances [38], like
through which particular process structure the instance has been executed. Different
annotations and lists are used to represent such information with models. For example,
in a loan mortgage application, the profile of a client (his past behavior with the com-
pany and transactions) is important to take decisions. Currently, such information is not
explicitly presented in models. In [38], Recker et al. found it as a main hindrance for
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integration and specification of rules in business process models. The specification of
history construct in a model will help the stakeholders to better understand the depen-
dencies between activities and rules. It would also help the stakeholders to understand
which processes lead to success and which not.

5.7 Priority of Activities

In business processes, some activities are executed independently from one another i.e.,
in parallel. In most cases, users want to prioritize their executions for efficiency and
use annotations for communication in models. Like longer activities should be started
earlier (or later depends on the situation of resources and importance), therefore, other
activities would not have to wait for the completion of a previous activity. The modeling
languages do not provide any constructs, therefore, separate lists or annotations are
currently used for this purpose. This priority of activities has to be represented in models
for better understanding and planning for efficient utilization of resources.

If the priority of activities is followed strictly, then process discovery algorithms [54]
would consider such activities as a sequential in structure. Therefore in the analysis,
the independence of activities with one another would not be represented in models.
Therefore, casual independence and priority of activities should also be represented in
a business process model for ease in communication.

5.8 Importance and Representation in Models

The importance of earlier mentioned challenges and their existing representation are
summarized in Table 3. Three ranking levels are defined with symbols like “+7, “O”,
and “~” which represent high, medium, and low respectively. Two major phases of
BPM are used for this evaluation; one is before execution and on the other hand is after
execution. This ranking is carried out after studying the several surveys and comparison
in business process modeling literature discussed earlier. The x/y notation is used, where
x represent the importance of attribute, and y represent the level of modeling support by
existing modeling language i.e., importance/representation. Therefore, the notation +/-
means that challenge is important in phase, but it is not represented using models. The
notation O/O means that challenge is at a medium level of importance, and partially
represented by models. Some modeling languages address the limitations which we
mentioned earlier like extended notations of BPMN to represent the different messages
and involved elements. However, the other limitations are not addressed at all or if
addressed then different other models are used. This makes business process modeling
as an expansive job as models developed for one purpose are not reusable for another.
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Table 3: Challenges, their importance, and representation

Challenges Importance & Representation
IT Sys. Dev. Post Exec.
5.1 Environment of BPs +/0 +/—
5.2 Attributes representation 0/0 +/—
5.3 Successful & Failure Paths O/~ +/—
5.4 Structural Limitations 0/0 +/—
5.5 Simulation & Reality +/0 +/0
5.6 History +/0 +/—
5.7 Priority representation O/- O/-

6 Characteristics for Analytical Modeling Language

Efficiency and performance of business processes are measured using key performance
indicators (KPIs). Similarly, when the structure followed by business processes execu-
tions has to be analyzed, then business process models are used. However, what is the
case when both are required for analysis? Then, we need key performance indicators
(KPIs) and models simultaneously. For this reason, investigations should be made for
analytical modeling language that will provide statistics within the models. Similarly,
the limitations of modeling languages discussed earlier also need to be addressed in
analytical modeling language. In the following, we discuss some of the characteristics
which should be included in an analytical modeling language. These characteristics will
help to overcome the limitations of modeling language for analysis. We assume that the
detailed data about business process executions and its involved elements are already
available from information systems. Data collection about involved business objects
and formalism of proposed characteristics in an analytical modeling language is out of
scope of this report.

6.1 Granularity of Detail

Business process models are viewed by different stakeholders and so at different lev-
els of granularity (abstract or in detail). Executives are interested in an overall picture
of business processes, thus they require a suitable abstraction of BP models whereas
operational managers look for specific details of processes and their activities of their
responsibility. The same situation holds in analytical data perspective. Therefore, an an-
alytical modeling language should provide constructs to represent processes and quan-
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titative analysis at a different granularity of details.

In case of structural limitations as discussed earlier in Sect. 5.4, analytical modeling
language may apply limitations at an abstract level. However, at an operational level,
these restrictions must be relaxed to provide further details through models.

6.2 Context Based Representation

Different stakeholders are involved in business processes and each wants to view the
processes in his own perspective like monitoring, control, and organizational analysis.
Context adaptive views or models are required to be built based on user demands rather
than models built earlier. Such views/models can be further extended to provide better
insights into processes. Model adaptation based on its usage by stakeholders can also
be considered to provide maximum flexibility to end users. For example, the profile of
and end-user can be maintained which stores his personal preferences (likeness, expec-
tations) and based on these models are represented (like providing specific details and
extension of attributes).

6.3 Integration of Analytical Data and Elements with Models

Attributes and involved elements should be part of the models for analysis because of
the reasons discussed in Sect. 5.2. Explicit representation of elements with attributes
values will help to understand the structural deficiencies and reasons of failure. For
example, in case of product manufacturing discussed in Sect. 1.2, the iterative structure
with attributes and values explains the reasons that why a certain part of the process
has to be repeated again and which activity should be carried out again. Similarly, in-
volved conditions and rules should also be explicitly specified in models. These explicit
representations will provide the rationale for the decisions made in business process
executions. Such extended models can also be used to provide training to new users.
In this way, the new user can analyze the past executions and understand the decisions
made by experienced users.

6.4 Formalism of Analytical Modeling Language

An Analytical modeling language should define business processes precisely and pro-
vides the semantics to be followed. Important representational elements should be pro-
vided, even though the formalism becomes complex or hard to define. Because enrich
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representation of models will make their formalism complex, as representation of mod-
els and its formalism discussed in [37]. With the formalism, the analytical data can be
automatically integrated with the business process models.

6.5 Generic Representation of Business Processes

Different models are used during business process lifecycle phases, which involves dif-
ferent constructs and details. These models have different focus like data models and
other models. During analysis, when different models consulted back and forth then
ambiguities (confusion) may arise because models are at different levels of abstraction.
Post execution phase of business process analysis requires an integrated view of busi-
ness processes and its elements. Therefore, the analytical modeling language should be
integrated and generic in representation, so that organizational elements would have one
consistent view of business processes. This also enables to understand the dependen-
cies among processes. The generic representation of business processes will enable to
extend the models with different attributes to provide different views, like extending the
model with time attributes will help in performance analysis.

6.6 Characteristics and Challenges

The characteristics of analytical modeling language mentioned in the earlier sections
will help to address the challenges discussed in Sect. 5. The expected contribution of
characteristics and challenges is summarized in Table 4. The contribution of character-
istics is defined in three levels where symbol “+” means supported at a high level, “O”
at a medium level, and “~” means at a negligible level.

Table 4: Characteristics and challenges addressed

.. Challenges Environ. | Attr. | Path | Struct. | Simul. | Hist. | Priority
Characteristics
6.1 Granularity O O - + 0] - -
6.2 Context based rep. + + (0] - - - +
6.3 Data integration - + O - O + +
6.4 Formalism O O - + + 0] -
6.5 Generic representation 0) 0) - + + 0] 0]

25



Legend

Employees
+ Resources Transition
E (7quality =0 attribute
s Y=i
bQ=1 IfX=i ]
. Edgz'r/ith Transition
condition attribute with
B value

:

@—) A AND 'j(';'iﬁ)
Parts } O ) c ) O 5

cQ=0

if quality =1

D —>O

Figure 7: Extended model of product manufacturing example
7 Case Study

The anticipated characteristics discussed earlier are further explained with a case study.
For the case study, we use the same example introduced in Sect. 1.2. The model rep-
resented in the Fig. 1, can be extended by different elements to provide further details
about the execution. We extend the model with an imaginary Petri net which includes
the features of other high level Petri nets cf. [27]. The model of Fig. 1 is extended with
a pool of resources (like employees and parts), attributes of involved elements (quality
of activity), and involved conditions. An example of the extended model is given in
the Fig. 7. In the model, Petri nets are graphically extended to represent the involved
elements, resource pool (circle with many tokens), conditions (on the edges), attributes
(filled circle), and their values.

The bi-directional arrow to resource place Employees indicate that employees can
be assigned to certain tasks, and after completion they can become available for other
tasks again. At a choice (XOR) place, a decision is made that if the quality is at desired
level (value 1), then product moves for packing, otherwise it has to be disassembled.
The choice (XOR) can be further decomposed to represent the evaluation process and
assignment of values to certain attributes of elements. The filled circle connected with
activity B and activity C represent the attributes related to the activity. The attributes
of activities are set (get values) after the quality evaluation, and in case of iterations the
stakeholder (employees, process owners) knows which activity will be repeated again
(in presented case activity C).

This model can be extended with more involved elements, attributes, and business
rules to provide further information. Activity E, can be further represented to show the
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decision rules for disassembling a specific part (e.g., only part from activity C) instead
all parts. The case study shows that the characteristics we introduced in Sect. 6 will
enhance the understanding about business processes and involved decisions. Extended
models are useful for process owners, who will find out deficiencies and carry-out pro-
cess improvements.

The modeling language represented in the Fig. 7 is not a natural extension of Petri
nets for proposed characteristics. There are also other possibilities for extensions of
modeling language. However, these other extension should consider the analytical re-
quirements and characteristics of post execution phases. In our future work, we will try
to formalise the presented imaginary Petri nets and also try to evaluate other modeling
languages for post execution analysis and improvement.

8 Application of Extended Model

An evaluation of business processes after execution provides means to understand the
implicit dependencies, and problems faced by employees during execution. Graphical
representation of business processes and involved elements provides intuitive under-
standing. Extended representations are more useful for process managers and process
owners because these details are important for them. Extended models and attached sta-
tistical data would provide details on processes, entities, and their participation (role in
execution). Thus, it would help a lot to improve the structure (design) and execution of
business processes in the future. In this section, we explain the benefits and application
areas of extended models.

8.1 Analytical Queries

The following analytical queries can be answered using extended models. Although
these queries can be answered by other techniques, they do not represent elements
explicitly in models, and thus do not provide an intuitive understanding. Here, these
queries are discussed in post execution context and therefore has a different focus com-
pared to pre-execution phases. Extended process models will help more effectively in
business process improvement.

e What are the dependencies between elements and processes?

e Which decisions are made in business processes, what are the rationale for these
decisions? What are the characteristics of cases that affect the decisions?
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Whether a specific execution leads to success from process models or not?

Which parts of a process affect the efficiency?

Which resources are assigned to the business process, but are rarely used?

e What are reasons for their rare usage and for which cases (and kinds)?

Which objects are involved in task execution?

What are the information requirements (attributes) for executions?

Some of the above questions do not require a query language. Those questions can
be answered by simple analysis of extended business process models like involved re-
sources. However, a query language and other techniques are needed to answer some
other questions. In [26], Graph mining based techniques are investigated to answer the
questions related with business processes.

8.2 Benefits

A very critical and important question will always be raised whenever a new modeling
method or approach is introduced: what are the benefits that can be achieved? The
analytical modeling language focuses more on business domain and process structure
rather than technological or other aspects. Therefore, deficiencies with respect to a
business domain are addressed here. In the following, we discuss the anticipated benefits
of analytical modeling language.

8.2.1 Intuitive Understanding

In case of iterations, it is not always clear from the business process model why an
instance has to be repeated several times. Extension of attributes in the model would
help to understand such situations intuitively about the reasons of failure. Similarly, the
extension of attributes will increase an intuitive understanding about business processes.

8.2.2 Rationale for Decisions

For better analysis and understanding, implicit assumptions must be represented explic-
itly. Using Petri nets, required conditions, and elements are represented very abstractly
like presence of token at places. Explicit representations of involved elements, their

28



attributes, and rules will improve the understanding of business process executions.
Extended business process models will help to understand the dependencies between
elements of business processes, like which elements are required for the execution of
business processes. The analytical business process modeling will provide the rationale
for the decisions made in business process executions.

8.2.3 Training of Users

Extended business process models, can also be used for knowledge management. New
users can be trained on business process operations and informed about the situations
handled by experienced employees in the past. Detailed descriptions will help to model
the reality with attributes and values of instances executed.

8.2.4 Models/Directions for Improvement

The detailed description of business processes in models will help to identify the defi-
ciencies in execution. The specific areas can be further investigated for improvement or
reengineering. Better understanding of problems will also give directions to take steps
to rectify the causes of problems.

8.2.5 Just-in-Time Analysis

A history construct in business process models provides the capability to state the ele-
ments of business processes at a particular stage of operation. This is important, because
at later stages the efficiency of elements can be affected by other elements or processes.
For example in case of comparison between two instances, at a particular stage the cost
of one instance is very low because of efficient processing and the path it took during
execution, but at later stages other elements/processes may affect the efficiency of in-
stance and so overall cost of two instances remain the same. In this case, the reasons
of efficient execution will not be noticed. The improvement in one part of phase is
overcome by other parts of the process.

8.2.6 Understanding the Context

Representation of environment elements in business processes models will allow the
analysis of the environment in which business processes are executed and thus improve
the understanding about business processes.
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Besides the environment of a business process, representation of involved elements
is also important for analysis and understanding of business processes. Explicit repre-
sentation of elements with attributes will help to understand the structural deficiencies.
For example, in case of delivery of goods, the loop structure with attributes explains the
reasons of failure in delivery and why it has to be repeated again. Once we are able
to represent the executions of business processes (and its environment) completely in a
business process model, then we can use extended models to understand the structural
deficiencies of business processes. Because in abstract representation, the structural
deficiencies are not clear and understandable so cannot be easily found.

9 Related Work

Most of the research in business process modeling domain is related to information sys-
tem, like information system development [4], workflow management [45], simulation
of business processes [25], alignment of IT services with business processes [48], or for
the configuration of information systems [15]. The focus of research on business process
modeling after execution is limited. The approaches which analyze business processes
after execution use the same models which are conceptualized for information system
development, like process mining [51], use Petri nets [45].

Several approaches attempt to integrate different modeling approaches for analysis
phase of system development like [9,32]. However, integration of modeling approaches
poses new challenges as discussed in [14]. In [6,7,14], authors discuss the importance of
an integrated framework for modeling and enrichment of models but only in perspective
of information system development phases or for project management.

A survey on business process analysis for optimization and improvement is pro-
vided in [56]. In that survey, authors categorize different approaches into notational,
formal and semi formal categorizes. Their survey indicates the lack of business process
modeling languages for post executional phases. However, they do not mention any
limitations or challenges of modeling languages which we have provided in this report.

Context and environment of business processes are discussed in many papers with
respect to adaptation of changes in information systems [34, 40]. Such approaches
should be further extended to build business process models for analysis. Environment
and context elements should be explicitly represented in detailed process models.

The concept of excluding activities at the abstract level and including them at the
detailed level is also discussed in [5, 15] whereas in [6], it is discussed at the attribute
level. BPMN also provides concept for activities (containing sub-activities) [5], how-
ever, they do not discuss the attributes to be attached with model as explicitly. Currently,
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most of the modeling languages provide facilities in one perspective but do not support
other perspectives. For example, some modeling languages allow the representation of
involved elements but do not provide a formalism for simulation or other analysis. In
analytical modeling language, we will attempt to provide both functionalities.

Business processes are also analyzed at a simulation level to understand the environ-
ment and involved elements like Income [25], but in simulation based approaches often
the assumptions/conditions are implicit and do not provide the intuitive understanding
through models and users have to use other sources, e.g., lists to get more details.

Different views of models are generated based on the environment (role) of execu-
tion as discussed in [10], but they only discuss them in software process perspective.
The concept is needed to be applied in a business process domain.

Most of the surveys and comparisons in business process modeling discuss the lim-
itations with the focus on development of information systems. In this report, we have
provided the limitations of business process modeling in post execution analysis per-
spective.

10 Summary and Outlook

This report provides the motivation for intuitive analytical modeling language in post
execution analysis. In this report, we identified the challenges and open issues involved
in modeling business processes in post execution phase. We show that the languages
conceived for information system development are not sufficient to represent reality
and do not fulfill the requirements of post execution analysis phases. Several limitations
of modeling languages are identified and discussed in detail with the examples. We
also proposed characteristics of analytical modeling language and discussed them with
a case study. Characteristics of business processes are also discussed to understand the
context for business process analysis and improvement. A classification of elements and
attributes is provided to help in deciding which elements and attributes are important for
representation in a model for evaluation and improvement. The anticipated benefits of
the proposed characteristics of modeling languages are also discussed.

Different characteristics of business process models should also be further discov-
ered which will provide help in business process improvement. Based on the limitations
and characteristics discussed in this report, different modeling languages will be further
evaluated. Collaboration with different corporations will be made for collection of post
execution analysis data and its representation in the model. The characteristics of new
modeling language discussed in this report will be formalized with new constructs, and
structures for better representation in the analysis. A framework for business process
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improvement including the data collection from information systems, its representation,
and guidelines will be proposed in the future.
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