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Abstract. Process mining mainly focuses on analyzing a single process
that runs through an organization. Often organisations consist of multi-
ple departments that need to work together to deliver a process. Archi-
Mate introduced the Business Process Cooperation Viewpoint for this.
However, such models tend to focus on modeling design time, and not
the runtime behavior. Additionally, many approaches exist to analyze
multiple departments in isolation, or the social network they form, but
the cooperation between processes received little attention.

In this paper we take a different approach by analyzing the runtime
execution data to create a new visualization technique to uncover cooper-
ation between departments by means of the Runtime Enterprise Archi-
tecture using process mining techniques. By means of a real-life case
study at a large logistic organization, we apply the presented approach.

Keywords: Process mining · Enterprise architecture · Data analytics ·
Business analytics · Runtime enterprise architecture

1 Introduction

In larger organisations, departments work jointly to deliver the services or prod-
ucts of that organisation. Capturing this cooperation is part of the domain
of Enterprise Architecture (EA) [29]. EA consists of principles, methods, and
models to design and realize an enterprise’s organisational structure, business
processes, information systems, and infrastructure. An important aspect within
organisations is the cooperation between different departments in the overall
processes of the organisation. ArchiMate [13] introduced the Business Process
Co-operation Viewpoint (BPC) to model this explicitly. These models mainly
focus on the design of cooperation: which processes and departments within an
organisation are allowed to communicate. The runtime behaviour, i.e., whether
and when communication occurs, and the possible execution orders are typically
left out.
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Process mining [2] offers many opportunities to assist the enterprise archi-
tect in uncovering the runtime behaviour of their EA. In process mining, many
algorithms exist to discover processes (e.g. [5,8,10,16]), to check for conformance
(e.g. [3,7,22]), and to enhance process models (e.g. [11,25]). Although the process
is viewed from different perspectives [17], such as the case, process and resource
perspective, the organisational perspective [23] has been given little attention.
Approaches like PM2 [24] and Process Diagnostics [6] focus on the overall process
within an organisation, rather than focusing on how the different departments
within the organisation contribute to deliver its service. Consequently, for larger
organisations where multiple departments cooperate to deliver their services,
current process mining techniques are hard to apply.

As a running example, consider the insurance company InsComp. The organ-
isation has three deparments: the Policy Department, the Claim Department and
the Financial Administration. InsComp delivers two services: the issuing of poli-
cies and the handling of claims, where the former is the responsibility of the
Policy Department, and the latter of the Claim Department. The Claim Depart-
ment sometimes asks the Policy Department to check a policy. Once a claim is
approved, the Financial Administration is instructed to compensate the claim.
As InsComp has a problem with the Claim Handling service, they want to obtain
insights into the cooperation and functioning of the different departments and
locations.

In this paper, we want to close the gap between the static descriptions created
in EA and the runtime environment in which all these processes have been imple-
mented. We do this by addressing the research question: How can the analysis of
runtime execution data facilitate the visualisation of the actual business process
cooperation in enterprise architecture? To pursue this research, we applied the
objective-centered approach in Design Science Research [20], to design and eval-
uate visualisation techniques of runtime execution data in the field of enterprise
architecture.

Based on the successful application of process mining in other fields
[2,4,6,10], we propose to apply process mining techniques for the analysis of
questions about the quality of the actual different departments and their coop-
eration. We do this by introducing the Runtime Enterprise Architecture (REA)
of an organisation, which uses the runtime operation data from the processes
operated within the organisation. This allows us to create new visualisations to
uncover the involvement of departments, their cooperation, and their relative
achievements in the process.

In the remainder of this paper we make the following contributions:

– Incorporation of the runtime behaviour of an organisation into the Business
Process Co-operation Viewpoint of Enterprise Architecture (Sect. 2);

– Visualisation techniques to uncover the Runtime Business Process
Co-operation View of an organisation (Sect. 3); and

– Showing the applicability and possibilities of the techniques through a case
study in a large parcel distributor in the Netherlands (Sect. 4).
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2 Runtime Enterprise Architectures

To model the different departments within an organisation and how these coop-
erate to deliver the services of an organisation, ArchiMate 3.0 [13] introduced the
Business Process Co-operation Viewpoint (BPC) [15]. This viewpoint shows the
relation between the business processes and their surroundings, and can be used
to create a high-level design of business processes within their context and to
provide insight into their dependencies [15]. The BPC viewpoint of our example
organisation InsComp is shown in Fig. 1.

Fig. 1. Business process co-operation viewpoint

The BPC viewpoint reflects the allowed cooperations at design time. Whether
in real life this blue print is always followed is a complete different question. With
the logging capabilities of current Process-Aware Information Systems (PAISs),
it is possible to record reality in the form of audit trails or event logs [26]. These
event logs are input for process mining.

Key in process mining is that each event is related to a process instance of
some businesss process. Process mining focuses on analyzing a single process,
whereas in an organisation many different processes run intertwined. For this
we define the Runtime Enterprise Architecture (REA) as the set of structures
and metrics to capture and analyze the runtime behaviour of that organisation
based on its Enterprise Architecture. In this paper, we focus on the dynamic
behaviour of the BPC viewpoint, the Runtime Business Process Co-operation
View (RBPC). As for process mining in general, this approach relies on the
assumption that for each event it is known to which activity (and thus process)
it belongs.

2.1 Meta-Model of the Runtime Business Process Co-operation
View

The conceptual model that maps the relevant event log concepts to the concepts
of the BPC viewpoint is shown in Fig. 2. On the left, the relevant elements of
the BPC viewpoint are depicted. The gray elements are the default elements of
ArchiMate. Organisation and Department are specializations of the ArchiMate
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element Business Actor. An Organisation has a hierarchical structure of Depart-
ments, and delivers some Business Service. A Business Service is implemented
by one or more Business Processes. Activities in a Business Process form Coop-
eration. A Cooperation is always initiated by an Activity (relation from) and
concluded by an Activity (relation to).
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Fig. 2. Conceptual model of runtime business architectures

At runtime, Business Services are instantiated, resulting in Traces, that flow
through the organisation. For a Trace, Events are raised by executing Activities.
Possibly, the Resource is recorded as well. Notice that in many organisations,
traces are identified by some global identifier that is used throughout the business
service or organisation.

2.2 Runtime Business Process Co-operation View

At design time, different cooperations can be modelled in the BPC view. The
definition of the concepts and relations are directly derived from the conceptual
model in Fig. 2. Let c be a cooperation. From the conceptual model, we can
define the following types of cooperations.

Intra-process A cooperation occurs within the same process, i.e.
in(from(c)) = in(to(c));

Inter-process A cooperation occurs between two different processes, i.e.,
in(from(c)) �= in(to(c));

Intra-departmental A cooperation within the same department (possibly
between different processes), i.e.,
responsible for(in(from(c))) = responsible for(in(to(c)))

Inter-departmental A cooperation between different departments, i.e.,
responsible for(in(from(c))) �= responsible for(in(to(c)))

In this model, a cooperation can be both inter-process and intra-deparmental at
the same time, if the cooperation is between two business processes for which
the same department is responsible.
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3 Uncovering Cooperations

To obtain insight in the cooperations within an organisation, we first discuss
how to discover cooperations. Next, we present a new visualisation technique for
cooperations, the Runtime Business Process Co-operation View that visualises
the runtime behaviour of an organisation, rather than only focusing on the design
time, as is current practice in EA.

3.1 Discovering Cooperations Using Process Mining

Several techniques have been proposed in process mining to analyze both inter
and intra organisations [1], such as social network analysis [23], artifact-centric
techniques [21] and feature discovery [28]. Social Network Analysis (SNA) focuses
on identifying nodes and their relationships [19]. A social network consists of
nodes and a set of relationships or links. In [23], the authors use event logs
to generate a social network of the resources within the event log. In process
analysis this derived SNA can be used to identify resources in a network, and
to show how these resources interact. Additionally, SNA can be used to study
patterns within an organisations network and enabling organisations to use these
patterns to create competitive advantages [14].

Whereas process mining relies on the assumption that each process instance
belongs to the same business process, the artifact-centric approach assumes that
the process instances are manipulated by artifacts [18], and tries to discover
the processes and interactions of these artifacts [9,21]. Artifact-centric mining is
used to discover a process by using the artifacts that are present in the process
and is therefore often used to create better process models for real life or physical
processes [12].

Recent research focuses on the use of process discovery techniques to con-
struct functional architectures [28] by relating software execution data to fea-
tures. In this way, it is possible to discover the communication protocols between
features from the behavioural profile [27].

Each of these process mining techniques can be used to enhance the existing
BPC viewpoint by updating the Cooperations from the event log. Next step is
to visualise and quantify the cooperations found at runtime.

3.2 Visualising the Runtime Business Process Cooperation

At runtime, many different metrics are available about the business processes and
their cooperations. The current visualisation of the BPC viewpoint in ArchiMate
only focuses on depicting the EA at design time. Consequently, we require new
visualisations to provide useful insights in the organisation.

In this paper, we introduce the Runtime Business Process Co-operation View
(RBPC), which is an interactive representation of process execution data. As
an example, a RBPC of InsComp is depicted in Fig. 3. The view combines a
chord diagram and a sunburst diagram. Chord diagrams have been developed to
visualise large sets of arcs by bundling all arcs between two nodes. Similarly, a
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Fig. 3. Runtime business process co-operation view

sunburst diagram provides a visualisation for the frequency of elements: the size
of each element is proportional to its frequency.

The view consists of two circles. The inner circle is a chord diagram that
represents the cooperation between the different departments. Each part repre-
sents a department. The length of each part is determined by the centrality of
the node in the social network, which is a combination of the number of coop-
erations each part initiated and concluded, and the size of the flows represent
the volumes traveling between the nodes. The colour of the flow is determined
by the node that initiates most cooperations. The outer cricle is a sunburst that
indicates the percentage of process instances handled by the departments. In
case the departments run multiple processes, each process is depicted as a layer,
with a height proportional to the number of process instances handled by that
process. In this way, the view provides a high level overview of the processes, and
their cooperation, and at the same time insights in how frequent these processes
have been executed.

Additionally, we can colour the outer circle with other metrics, such as the
overall duration of the cooperations, or the conformance of the different processes
within the department.

For the running example InsComp, an example RBPC is depicted in Fig. 3.
The three parts represent the three departments, and their processes as layers in
outer circle. The colour scale represents the duration time of the process. From
its size in the diagram, we directly see that the Financial Department plays
a large role in the organisation. Also, we see that a third of the cooperations
with the Policy Department are with the Claim Department. Most cooperations
of this department are with the Financial Administration. From this view, we
can conclude from the flows that a third of the communication of the Policy
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Department comes from the Claim Department, and from the colouring we con-
clude that the “Check Policy” process in the Policy Department is a bottleneck,
and that in the Financial Administration the duration for the “Claim Payout”
process is above average, which would explain why the Claim Handling service
of InsComp requires attention.

4 Validation of the Runtime Enterprise Architecture

We aim to validate the proposed Runtime Business Process Co-operation View
with a non-trivial case study in a large logistics company. The selected case
organisation is one of the largest mail and parcel distributors in the Nether-
lands, referred to as SendIT. In 2014, the organisation addressed 2,705 million
mail items and 142 million parcels. SendIT has 18 distribution centers through-
out the Netherlands for the distribution of parcels. Each center represents a spe-
cific area for delivery and is responsible for that part of the distribution process.
Consequently, there are 18 instances of the same departmental processes, and
cooperations between all 18 distribution centers. Each center has its own facili-
ties to record the process execution data. Each of the instances can be analyzed
and compared using this data. Currently, the organisation lacks proper visuali-
sations of the performance of the different centers, and their cooperation in the
different processes. In this case study, we use the data to compare the different
distribution centers on process execution and performance, and to discover the
different cooperations between departmental processes.

4.1 Distribution Process and Scan Trails

Each distribution center is responsible for three main processes: sorting shifts
(B), sorting routes (J), and delivery (I). The intended happy flow of the parcel
delivery process is depicted in Fig. 4.

Fig. 4. Intended process model of the happy flow of the parcel delivery at SendIT

During the night, process B is executed at the centers. Each parcel is scanned,
and based on the postal code, the center decides to either sort itself, or to
transport it to a different center. In the morning, once all parcels of the other
centers are received, each parcel is scanned again, and passed to the sorting route
process (J), that determines the parcels each delivery man has to handle. Once
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all packages are sorted to the different routes, the delivery men start the delivery
process (I). In case a parcel cannot be delivered at an address, it returns to the
sorting shift.

Parcels are represented by unique barcodes. In each step of the process, the
parcels are scanned, which results in adding a new scan value to its respective
barcode. A scan value has its own definition and possible consequences for the
further distribution of this parcel. In total there are more than 150 possible scan
values. Each scan value consists of a label indicating the process (value), and
the activity in that process (reason). Examples of possible scan values include
entering a distribution center, with scan vallue B1, ‘Proof of Acceptance’, placing
a parcel on a conveyer (J1), out for delivery (J5), and delivered (I1).

Table 1. Scan trail of a single package representing the most frequent happy flow

Barcode Date Time Value Reason Description

1B1671337 10/02/2016 00:49:25 B 1 Proof of acceptance
1B1671337 10/02/2016 09:34:25 J 1 Sorted
1B1671337 10/02/2016 09:34:26 J 40 Sorted on route
1B1671337 10/02/2016 10:06:03 J 5 Out for delivery
1B1671337 10/02/2016 12:28:45 I 1 Delivered

The scan trail of a parcel is a sequence of all its scan vallues and their
occurence. Each scan vallue always consists of a character and a number, together
with a timestamp. Several happy flows exist for these trails: flows where noth-
ing went wrong and the parcel was delivered. The most frequent happy flow is
depicted in Table 1. For each parcel a trail can be exported from the different
PAISs of the distribution centers at SendIT.

4.2 Data Selection and Extraction

SendIT handles roughly 30.000 parcels per distribution center per day, resulting
in approxmatly 160 M events per month. Consequently, we had no option than
to take a random sample from this data set. The data selected for this case
study covers the whole month February in 2016. For each center, a dataset was
created with at most 500 parcels per day. For these parcels, the scan trails were
extracted and combined into a large dataset for a distribution center. The total
number of events per center is depicted in Table 2. As a last step, all datasets
were combined into a single dataset for analysis. This resulting dataset contains
136.575 scan trails.

Each dataset had to be prepared before it can be analyzed. An excerpt of
the trail is depicted in Table 1. For example, the date and time values had to
be merged into a single timestamp, as this is required by the different process
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Table 2. Events per distribution center (DC). In total, the dataset contains 1.555.492
events divided over 136.575 scan trails

DC # Events

1 111.001
2 84.309
3 85.935
4 103.887
5 72.345
6 90.116
7 81.362
8 124.722
9 66.348
10 79.234
11 74.715
12 83.476
13 85.049
14 87.188
15 80.159
16 77.148
17 88.714
18 79.784

Table 3. Structure of an event in the event logs after conversion. The Scan letter and
number together form the activity name to which the event is related. The Barcode is
the instance identifier.

Attribute Example

Barcode (ID) 1B1671337
Timestamp 10/02/2016 00:49:25
Scan letter B
Scan number 01
Combinedscan B01
Center LOC 3

mining tools. The Value and Reason attributes in the scan trail are merged to
create the activity name for each event. Both values were added to the event
log, to be able to analyze the event log on different levels of abstraction, as the
Value and Reason represent the business process, and the corresponding activity,
respectively. The final structure of an event is shown in Table 3.
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4.3 Analysis

For the analysis of the datasets, the open source software ProM [26] is used. To
exclude parcels that are not yet delivered, we filtered the dataset by removing
all scan trails that do not contain an activity with an I-value. Next, multiple
analyses have been executed with ProM to identify the structures and flows in the
dataset. To create an overview of the entire process, the organisational process is
visualised first. Next, a generic departmental process model is created from the
most occurring traces in the dataset. Lastly, the subprocesses of the departmental
processes are identified. By combining these models using Archimate, a static
enterprise architecture is created.

The organisational model is created using the Social network miner plugin
[23]. The result is depicted in Fig. 5. It is a complete graph, i.e., all distribution
centers send parcels to each other.

Fig. 5. Organisational model as mined with the social network miner of ProM

Fig. 6. 10 most occuring traces

Departmental Models. As a complete process model representing all 136.575
scan trails returns a spaghetti-like model, we decided to apply Occam’s razor, and
as a first step [6], created a new dataset containing only the 10 most occurring
traces of the 18 distribution centers. The ten most occurring traces cover together
almost 68% of all scan trails. Applying the Inductive Visual Miner [16] resulted
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in the Petri net as depicted in Fig. 6. The process starts with a B1 event, then the
sorting process is started (J-valued events), after which the parcel is delivered
(I-valued events). From the same dataset containing the 10 most frequent scan
trails, we discovered for each of the processes a separate process model. The J
process is depicted in Fig. 7.

Fig. 7. Model of process J in isolation

To check the degree of conformance of the processes of the different distrib-
ution centers the logs are replayed through the petri net using the “Replay for
conformance checking plugin” in ProM. This results in a fitness value per center
(Table 4), indicating how well a model represents a log, on a scale from 0 (no
fitness) to 1 (complete fitness). Overall, the mined process shows a high fitness
(average: 0.945), indicating that our razor of only taking the 10 most occurring
traces approximates the overall process very well. Additionally, we used Disco1

to analyze the median duration time for each center. All values range between
14,3 and 23,3 h, the average is 17,4 h between first scan and delivery.

Enterprise Architecture. The Enterprise Architecture comprises the differ-
ent processes, and abstracts from the detailed activities. To discover how the
different processes cooperate, we decided to create an additional organisational
model in which the hand-over of work is analysed between the different processes
by taking the Value as resource. This resulted in the model depicted in Fig. 8(a).
Based on this organisational model, it is possible to create the BPC viewpoint
of the static EA of SendIT, shown in Fig. 8(b).

Runtime Business Process Co-operation View. One of the main drivers
of SendIT is to compare the runtime behaviour of the different centers, and
the amount of parcels that is transported between the centers. For this, we
created two separate RBPC views for SendIT. Both RBPC views use the location
changes of the parcels in the chord diagram, and the respective number of scan
trails handled in the center for the length of the sunburst. For the colouring
schema, the former is based on the median duration of scan trails, the latter is
based on the fitness of the sub processes at each center.

To define the chord diagram of both RBPC views, we first analyzed the
mined social network (Fig. 5), where the location changes have been defined as

1 https://fluxicon.com/disco/.

https://fluxicon.com/disco/
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Table 4. Fitness values and median durations in hours per distribution center (DC),
calculated with the Replay for Conformance Plugin of ProM on the model depicted
in Fig. 6. The fitness is a score between 0 and 1, and indicates how well the instances
adhere to the given process model. The average fitness is 0.945.

DC Fitness Dur. (h)

1 0.911 15.8
2 0.956 16.0
3 0.960 14.3
4 0.916 18.6
5 0.964 17.9
6 0.870 15.9
7 0.957 15.8
8 0.943 16.8
9 0.954 15.1
10 0.941 19.1
11 0.954 19.6
12 0.955 23.3
13 0.968 19.7
14 0.954 18.7
15 0.952 17.6
16 0.949 15.1
17 0.948 16.0
18 0.949 17.6

Fig. 8. The discovered BPC view of SendIT generated from the social network miner
of ProM

the hand-over of work between the centers [23]. As a first step, their respective
frequencies have been analyzed. As each parcel is always at exactly one loca-
tion, we counted the number of consecutive event pairs with different locations.
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As a next step, these numbers have been normalized using the total number of
location changes. In this way, location changes become relative to each other,
and all add up to 100%. Based on this data, the chord diagram is constructed.

To determine the length of each center in the RBPC views, i.e., the number of
scan trails handled by the center, we analyzed for each center the ratio between
parcels with a B scan vallue, i.e., the number of parcels that arrive, with the
number of parcels that have an I scan vallue, i.e., the number of parcels delivered
by the center. If this ratio is high, most parcels that arrive at the center are
distributed in the region, i.e., the center handles many parcels, whereas if the
ratio is low, most parcels are transported to different centers, thus the center
handles few parcels.

Next, for each center we determine the size of the internal process by nor-
malizing the amount of parcels each process handles with the ratio determined
for that center. For example, if a center has 50% of B scan vallues, 25% of J scan
vallues, and 25% of I scan vallues, parts J and I will be similar in size, and the
size of B has the size of J and I combined. As each center has three processes,
sorting shifts (B), sorting routes (J), and delivery (I), this results in three rings
for each center in the RBPC views.

These two steps create the basis for the RBPC views using the d3 javascript
framework2. The first RBPC view uses the median duration, as depicted in
Table 4, for colouring its elements. The lowest median duration is coloured green,
the highest is coloured red. Each center is assigned a gradient colour relative
to the higest and lowest median durations, resulting in the view depicted in
Fig. 9(a).

Analyzing the two RBPC views, we directly observe that location 6 sends
out many more parcels than that it handles, as its size is large, while its length
is relatively low. Location 1 handles most parcels, as it has the largest length.
Another observation in Fig. 9(a) is that at 5 centers (i.e., 28%) the delivery
process have a longer than average median duration (red), and that at 3 centers
(i.e., 17%) the process takes shorter than average. Only at one location, the
sorting to shifts process (B) takes much longer than average. Similarly, analyzing
Fig. 9(b), we observe that all centers conform the B process, whereas the other
two processes have more deviations. Only location 1 and 4 show outlying fitness
values for the I and J processes.

4.4 Expert Validation

To validate the results and different visualisations of the RBPC, we presented the
results to two stakeholders of SendIT, being a process manager and a process
data analyst, who were not involved in executing the case study. The goal of
the interviews was to identify the perceived usefulness of the design, and to
obtain possible improvements and additional feedback. The technical details of
the design were discussed, as well as the possible business applications of the
solution. Additionally, the feasibility within SendIT was part of the discussion.

2 https://d3js.org/.

https://d3js.org/


260 R. van Langerak et al.

5
4

7

6

8
910

11

12
13

14
15

16

17

18

3

1
2

(a) Median duration

5
4

7
6

8
910

11
12

13
14

15
16

17

18

3

1
2

(b) Fitness

Fig. 9. Two runtime business process co-operation views of SendIT. Each part in the
diagram corresponds to a department (1–18). Each layer in the deparment represents
the processes B, I and J (from inner to outer layer)
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The validation started with discussing the standard process mining models,
which are also presented in this section. The stakeholders mentioned that these
models were “interesting to see, but are not really useful in day to day practice”.
There is no real chance for active management using only the petri nets. However,
they could be useful to get some “low level process insight”.

The RBPC was perceived very useful. The idea and the ability to present
real time process data to the “Operations Management Division” of the organi-
sation was met with an enthusiastic response. This would lead to more proactive
management of the distribution process throughout each day. Currently, most
of the improvements actions that are undertaken are based on negative outliers
of the past week. Using the RBPC on a real time basis would enable Operations
management to pro-actively correct problems that occur in a distribution center.

Additionally, the RBPC could be used to bridge the gap between Operations
and Organisation management. The management is not aware and not interested
in low level process information. Their main objective is to fulfill the KPIs that
were set for a certain period. Using the RBPC, it is possible to convert low level
process data to high level process information. This information subsequently can
be used to actively used when discussion the current execution and performance
of the entire organisation.

Concluding, the RBPC was received positively. Some remarks were made how
the RBPC could be adapted to better fit the organisation, but this is a matter of
implementation that varies per organisation. The stakeholders mentioned that
“in todays world the trick is to create something that can covert the abundance
of data into information, so it can be used by someone who is not familiar with
the data. This is what the RBPC does.”.

5 Conclusions and Future Work

Current Enterprise Architecture mainly focus on modeling an organisation
design-time only. In this paper, we propose the Runtime Enterprise Architecture
(REA) that enhances the EA of an organisation with runtime execution data.
To visualise the cooperation between departments and their process within an
organisation, we propose the Runtime Business Process Co-operation viewpoint
that visualises the runtime cooperation between departments and the relative
volumes and quality of the different processes at the departments. The visualisa-
tion combines the chord diagram for visualising cooperations with the sunburst
visualisation for the volume of the processes. The colouring schema is used to
depict the quality of the processes.

To illustrate the visualisation, we applied it on one a large logistics organisa-
tion to analyze parcel transportation between departments. Initial validation at
the organisation shows the perceived usefulness of the visualisation technique.
Another limitation of the case study is that although the proposed visualisation
technique in itself is quite general, the case study organisation had no concur-
rency in their processes. Generalization of the validation results therefore require
further experimentation.
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Many different viewpoints exist in EA modeling. In this paper we focused
mainly on the Business Process Co-operation Viewpoint, but we envision the
proposed techniques to be extended to different viewpoints as well. As the proof
of the pudding is in the eating, we plan on fully automating the visualisation
technique in ProM to perform more in-depth case studies to explore further
analysis and visualisation possibilities of the technique.
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