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ABSTRACT Efficient allocating human resource obtains significant advantages to business operations in
enterprises. Manipulating the available human resources of a business optimizes the expense of developing
products and services, improves work productivity, and brings more value to the business. In the process
of creating products and benefits in the enterprise, a network of working relationships is formed among
employees in the organization. In this paper, we propose an approach to support decision-making on human
resource allocation in an organization based on the human-centric network discovered from the event logs.
To be more precise, the knowledge derived from human-centric networks formed through the operation
phases of the information systems is used to make resource allocation strategies in the organizations. Using
the appropriateness probabilities and social network metrics for allocating human resources, we clarify
efficiently allocating resources based on different metrics. The system architecture and the scenarios are
also described for planning human resources allocation based on these networks. Furthermore, we use real-
life data set for getting experimental verification and proving the proposal. This approach will be a promising
solution to support businesses effectively allocating resources in their organizations.

INDEX TERMS Human-centric network, human resources allocation, business process management,

process mining, process-aware information system.

I. INTRODUCTION
Resources allocation activities evaluate employees, facil-
ities, related entities in an organization and then assign
them to each process. The evaluation is based on each
employee’s ability and participation in the organization’s
works. In process-aware enterprises, the history of enactment
operations is often recorded in the IEEE XES format [1],
the commonly used standard for logging events. Different
organizations maintain different operational processes, but
they all require human resources to operate the system in
common.

The human resources allocation (HRA) tasks clearly define
and plan future processes, then allocate employees to the
related entities such as operations and facilities. Resource
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allocation is not a significant concern in an organization
with few employees hence the small number of activities.
Meanwhile, the allocation of human resources is complicated
in enterprises with hundreds (or thousands) of employees
and procedures. The appropriate allocation of human assets
will preserve time and production expenses besides operat-
ing expenses. Consequently, to manipulate the system effi-
ciently, improve employee productivity, allocation of human
resources is an important task and cannot be lacking in busi-
ness process management.

In the 1990s of the last century, Business process
re-engineering (BPR) has been one of the primary major
management systems. In the BPR systems research, sci-
entists investigated numerous studies and surveys on the
role of human resource management (HRM). These studies
have demonstrated the critical function in human resource
management architecture through the BPR systems. Lack of
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consideration for human resources is one of the main reasons
for unsuccessfully implementing projects in organizations.
Also, the position of managers and teamwork are the key
characteristics of the success of businesses as described in
studies of Willmott [2], Zucchi [3], Wood [4], and Lepak [5].

With the evolution of information technology, the business
process management (BPM) systems grow fastly, providing
the infrastructure and context for processing the HRM mod-
els. The HRM process model has to support all other activ-
ities in the organization for operating these processes. Also,
several HRM models were introduced for improving system
management according to Cakar [6], Xu [7], Zhao et al. [8],
Lin [9]. So that, improving the business process enhances
human resource allocation, and vice versa.

There are numerous different approaches to allocating
human resources in organizations. Each different approach
is formed from different studies and perspectives and has
its advantages. Nakatumba [10], Liu [13], Zhao et al. [16],
Arias [24], Drosouli [30] use the process mining approach
to analyze the resources through event logs for various types
of decision-making. Or using reinforcement learning to learn
the appropriate policies for optimizing resource allocation in
business process execution, Huang described in [11]. Or use
probabilities methods to make resource allocation decisions
Cabanillas [14], Wibisono [15]. Alternatively, the other meth-
ods for allocating resources such as clustering in the study of
Zhao [17], [31]; business process management in the research
of Havur [23], Erasmus [27]; human-centric in the investiga-
tion of Wibisono [18], Zhang [19], Soltis [20], Bajaj [21],
Ballesteros-Perez [22]; task operation model in the analysis
of Huang [12]; multi-factor criteria in the study of Arias [26];
fuzzy data mining in the research of Wu [32]; or making
the survey about this research topic for summarizing the
methodologies described in the results of Arias [25], [28],
Zheng [29].

With the multifarious development of business models
over time, the strategies to support resource allocation in
the organization are continuously changing, especially for
enterprises with the participation of hundreds of employees
or more. Accordingly, this paper proposes a new approach to
support allocating human assets for organizations based on
the discovered human-centric networks. The principal idea of
the approach is that, at the beginning of distributing human
resources phase, we discover the human-centric networks
of the organization through mining its operation event log
history. Consequently, by analyzing the networks, we get
comprehensive views of the operational processes with the
association of performers in each work case. Understanding
the networks, we get clear on the appropriateness probabil-
ities for allocating employees in each activity, the centrality
metrics of employees in the networks in different manners.
Based on this knowledge, we effectively conduct allocating
resources for the next operation of the enterprises.

In the remaining sections of this paper, we category
the content as follows. The following section discusses the
related work compared to our study approach, the similarities
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and the differences between our method and these methods.
Section 3 describes the fundamental theories and concepts
related to our proposal. Section 4 explains the approach
in detail, how to allocate human resources based on this
information. In section 5, a real-life data set was used for
presenting experimental results and verifying our approach.
Finally, section 6 gives some conclusions and the future study.

Il. RELATED WORKS

In the approach using mining event logs to support resource
allocation in workflow systems [13], Tingyu Liu and his
colleagues proposed an Apriorilike algorithm to find the com-
mon patterns from the event log. After that, a correspondence
measure named Lift is used to explain the negatively corre-
lated resource allocation rules for resource reservation. In the
proposal, the rules are ranked using the confidence mea-
sures as resource allocation rules. Based on this information,
they presented a decision-making method to make recom-
mendations to workflow initiators for supporting resources
allocation.

To optimize resource allocation based on process mining,
Weidong Zhao [16] introduced a resource allocation model
by viewing the relationship between process performance and
resource allocation. The approach presented a model to min-
imize process execution time under three constraints: total
cost, resource availability, and resource preference. Experi-
ments were also conducted to prove the effectiveness of the
proposal.

In [10], Joyce Nakatumba presented the solution for ana-
lyzing resource behavior in business processes by using pro-
cess mining. In the approach, he introduced a new process
mining plug-in which is attached to ProM, a framework
that supports a general category of process mining tech-
niques [33], to investigate the impact of workload on service
times based on historical data and regression analysis. Apply-
ing the approach to some real-life data sets from a munici-
pality in the Netherlands, the author’s experimentation shows
that the relation between workload and performance of work-
ers, described by the ““Yerkes-Dodson Law of Arousal’ [34],
really exists.

In [30], Drosouli introduced a process mining approach for
managing resource allocation in a Bike sharing system (BSS)
in New York City. The main idea of the study is to analyze the
BSS to manage resource allocation by using process mining
methods. The author converted the BSS data set to the event
log format and then use the ProM tool [33] to apply process
mining techniques in event logs for understanding more about
the process model, the using-bike time, the using-bike in
a station, etc. Through these reports to conduct resource
allocation management for the system.

Also using the process mining techniques, in [24], Michael
Arias built a framework for recommending resource allo-
cation to the information system. Instead of recommending
at the activity level, the framework gave the recommenda-
tion at the sub-process level. A resource process cube was
introduced in the study and provided an extensible, flexible,

23343



IEEE Access

M. Yeon et al.: Experimental Verification on Human-Centric Network-Based Resource Allocation Approaches

\ u

FIGURE 1. Example of a bipartite graph.

and fine mechanism to collect historical information about
what happened in past process executions. Based on this
information, a final recommendation ranking was obtained
through the Best Position Algorithm.

Applying the human-centric resource allocation method,
in [18], Wibisono and his colleagues presented a dynamic
approach for managing the execution of business processes.
Using the Bayesian inference, they predicted the perfor-
mances of resources through the data set to organize different
types of human resources. The study used the Naive Bayes
Model to comprise five nodes; each node implies perspectives
participated in business process execution. In particular, there
are two types of nodes, i.e., parent node and child nodes. The
parent nodes contain performance predictions that influence
performance throughout every child node. The evidence of
the nodes in the model is used for measuring human perfor-
mance.

The listed studies indicate that using process mining
techniques is one of the efficient methods for allocating
resources in information systems. In this paper, we introduce
our method using process mining techniques for allocating
human resources. Nevertheless, the difference between our
proposed method and the studies listed above is that: In our
method, we focus on taking people as the center factor to
build the human-centric networks. Subsequently, analyzing
the networks between performers (employees) and activities
that are formed when executing tasks. On the one hand,
we obtain exhaustive views of the operating processes with
the association of performers in each activity in the organiza-
tion. On the other hand, we get precise about the appropriate-
ness probabilities for assigning employees in each process,
and the centrality metrics of employees in the networks in
different manners. Based on this knowledge, we conduct
allocating resources for the next operation of the enterprises.
By analyzing these information, we have a better understand-
ing of the system and the efficiency of its current opera-
tion, thereby making flexible resource allocations. The next
section of the paper discusses the relevant basic concepts used
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to discover the human-centric networks to support allocating
resources in an organization.

1ll. BASIC CONCEPTS

A. PROCESS-AWARE AFFILIATION NETWORK (PAN)

1) BIPARTITE GRAPH [35]

In graph theory, a Bipartite graph (or Bigraph) is a graph that
its vertices can be split into two independent and disjoint sets
U and V such that every edge in the graph connects a vertex
in V to one in U. Vertex sets U and V are usually called the
parts of the graph.

Figure 1 illustrates an example of a Bipartite graph G.
In this graph, V = {V1, V», V3, V4}, U = {Uy, Ua, Uz} are
two sets of vertices. £ = {ey, e2, e3, es} is the set of edges
connecting vertices in V to the others in U.

2) PROCESS-AWARE AFFILIATION NETWORK (PAN)
Discovering event log history from a process-aware infor-
mation system (PAIS) [36], we get numerous information
describing what actually happened in different processes. The
information about events and their entities, e.g., activities,
roles, performers, relevant data, etc. In this information, activ-
ities and performers are related by affiliation with each other
in their groups. Activity is the action/task in the system that
runs to archive a specific goal; meanwhile, the performer
executes the activities. We can view these relationships as a
bipartite graph and call as an affiliation network. That means
we can discover the affiliation network of performers and
activities from the event log history. Figure 2 describes an
example of an affiliation network obtained from a PAIS.
In this example, there are four performers affiliated with
three activities in the network. By using the affiliation net-
work visualization, we recognize the list of activities that an
individual performer performed and the list of performers
involved in an activity through the network.

Definition of PAN: Let w is the event log recorded from
a process-aware information system. A = {A;,i € 1,n}
is the set of activities in w. P = {P;,j € I,_m} is the
set of performers in w. T = [Ty, k € 1,1] is the list of

VOLUME 10, 2022



M. Yeon et al.: Experimental Verification on Human-Centric Network-Based Resource Allocation Approaches

IEEE Access

Performers

Activities

FIGURE 3. The discovered PAN from event log o.

traces in w. The process-aware affiliation network PAN =
{A, P, AN},}_’ ,U € 1,m, 1 € 1,n}. Where AN is the set of
affiliated relationships between performers Pj and activities
Ay, “t” indicates that how many times the affiliation between
Pj and A; was occurred.

For example (Ex1), we have an event log w with list of
traces T as following:

o (A1, P1) = (A3, P2) — (A2, P3) — (As, Py)

o (A1, P2) = (A2, P1) — (A3, P2) — (A4, P3)

o (A1, P2) = (A3, P1) — (A3, P2) — (A4, P3)

o (A2, P2) — (A1, P3) = (A3, P2) — (A4, P1)

o (A2, P1) — (A3, P2) — (A3, P1) — (A3, P3)

o (A1, P1) = (A2, P2) — (A4, P3) — (A3, Py)

(A1, P1) means that activity A; was performed by per-
former P;. Then we have the discovered PAN with the fol-
lowing information and as shown in Figure 3:

o« A={A1,A2, A3, Ay, As}

o P={Py, Py, P3, P4}

« AN ={(A1, P1)*, (A1, PD)', (A1, P3)!, (A2, P1)?,

(A2, P2), (A2, P3)', (A3, P!, (A3, Po)*, (43, P3)',
(A3, Py)', (A4, D', (A4, P3), (A5, Py)')

As we can see in the relationship set AN, (A3, P») has
the most affiliated value (4), meanwhile activity As is only
affiliated with performer P4 one time. This information will
be helpful in supporting allocate human resources in the
future.

B. PROCESS-AWARE ENTERPRISE SOCIAL NETWORK
(PESN)

When participating in the execution of tasks and activities in
the events of the information system, employees (performers)

VOLUME 10, 2022

P,

FIGURE 4. The discovered PESN from event log o.

will interact with each other depending on the job position as
well as the role assigned in the organization. This property
produces a work-relationships network, shows the working
relationship between employees in the same organization,
and we call it as PESN.

Definition of PESN: Given that w is the event log recorded
from a process-aware information system. A = {A;, i € 1, n}
is the set of activities in log w. P = {Pj,j € 1,m} is
the set of performers who perform an activity A;. TRS =
{TRZI,’ A (i, k) € 1, n} is the set of transactions from activity
A; to activity Ag, and “a” indicates how many times the
transaction occurred. The process-aware enterprise social
network PESN = {REII%-,P[ |G, D) € 1, m} is the set of relation-
ships between performer P; and performer Pj, “b” indicates
how many times the relationship occurred, where P; performs
A; and P performs Ay.

Figure 4 represents the PESN discovered from event log
w in the example Ex1. As is evident from Figure 4, The
performer P interacted with performers P», P3, meanwhile,
the performer P, interacted with only performer P3 when
participating the assigned tasks. As it has been pointed out,
through the PESN, we can recognize the roles of each per-
former and their interactions with other performers in the
network. This observation will be useful in supporting infor-
mation and decision-making to allocate human resources for
system operation.

IV. METHODS

In most organizations, people are always the main factor
that determines the development and success of that organi-
zation. Consequently, understanding human resources in an
organization, thereby making decisions to allocate resources
appropriately, plays a critical role in the organization’s
development, especially for enterprises. Our human-centric
networks-based approach for supporting human resources
allocation is based on mining the event log history of
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the information system, thereby building networks where
humans play a decisive role in running tasks and activities in
the business model. In this procedure, we use PAN and PESN
as the basis of analysis to make decisions or recommendations
for allocating human resources. Using PAN helps us evaluate
the role of an employee when participating in activities in
each business process. Meanwhile, using PESN will give us
a view of the working relationship between employees in the
organization when conducting business activities.

A. SYSTEM ARCHITECTURE

Figure 5 illustrates the architecture of our approach using the
human-centric networks for allocating human resources in
the process-aware information system. In the architecture, the
procedure is divided into four (4) steps:

o Step 1: Identify resources: Identify available resources
is the first step for preparing allocating resources.
At the beginning, we need to identify the organization’s
available resources, including activities, roles, perform-
ers assigned to activities, relevant data, and materials
for executing the activities in each business process.
To ascertain the available resources, we can base on
the operational plan, current business operating state.
Furthermore, we can investigate the event log history
to get information about the activities and relevant data
that have been involved in the operation of the busi-
ness process. Based on the different sources, we can
synthesize and determine the available resources of the
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organization/department to prepare for the operational
business process in the next phase.

« Step 2: Discover human-centric networks: This step con-
ducts discovering the human-centric networks from the
event log history. In this step, the work-items in event log
information are extracted into three (3) dimensions, i.e.,
workflow procedures, workflow workcases, and work-
flow activities.

« Step 3: Analyze human-centric networks: After obtain-
ing information about PAN and PESN, we proceed to
analyze the relationship between the components and
the role of each performer in creating these networks by
evaluating the following metrics (the calculation of these
values will be described in the next section):

— Appropriateness metric.

— Degree centrality metric.

— Betweenness centrality metric.
These values provide information that represents the
performer’s role in running the tasks and activities and
the relationship between the performers. By evaluat-
ing these values, combined with the business plan and
human resources capabilities, we can make efficient
decisions for allocating human resources to operate the
system’s business process in the next phase.

o Step 4: Allocate human resources: After gathering all
information collected in the previous steps, we under-
stand more about what actually happened inside the sys-
tem. Based on the analysis of human-centric networks
and the business process plan, we conduct allocating
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human resources to each activity by answering these
questions:

— Who is the most appropriate performer for execut-
ing a specific activity?

— Which activity is most appropriate for each per-
former?

— Which performers play an essential role in the sys-
tem’s operation and are difficult to replace by the
others?

— Which performers can be transferred to perform
other tasks?

— Which performer acts as a working bridge in the
process to execute the task?

Each different organization and business model have
additional questions for allocating human resources.
With the obtained metrics and the visualization of net-
works, our method will help answer these questions.

B. HUMAN-CENTRIC NETWORKS METRICS SUPPORTING
RESOURCES ALLOCATION

1) DEGREE CENTRALITY

In graph theory, Degree centrality indicates the number of
links between a vertex and other vertices [37]. Using this met-
ric in PESN, the Degree centrality shows the working rela-
tionship between employees in the organization. The Degree
centrality index in PESN indicates activity transfer/receipt
information among employees. Lets consider (Cp(Py)) is
the Degree centrality value of performer Py, To calculate
(Cp(Py)), we use the following equation [37]:

Z;‘n:](Piv Pk)
m

CpPy) = =E=55

(i # k)

where:
o (P;, Py) = 1if (P; > Py)or (P, — P)).
e (P;, Pr) = 0, otherwise.
e P; — Pj: There is a work transfer from P; to Py.
« m: the total performers in the PESN.

The higher this metric, the greater the degree of an employee
involved in completing the trace in a business process case.
Even though the Degree centrality metric does not indicate
the importance of a performer in connecting others, it is a
good measure of the total number of connections a performer
has. From the manager’s perspective, we perceive the level of
work engagement and collaboration among employees in the
organization.

2) BETWEENNESS CENTRALITY

In graph theory, the Betweenness centrality of a vertex mea-
sures whether or not the vertex is a bridge on the shortest
path of two other vertices in a graph [38]. Using this index
in PESN, the Betweenness centrality represents the important
role each performer plays when performing the activities in
each trace from the event log. Due to connecting performers
in the network as a bridge, the effectiveness of the performer
with a higher index value will collectively affect the overall
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TABLE 1. The list of activities and performers in the Help desk data
set [39].

Name of activity Name of Performer

Assign seriousness Value 1
Create SW anomaly Value 2
DUPLICATE Value 3
Insert ticket Value 4
INVALID Value 5
Require upgrade Value 6
Resolve SW anomaly ~ Value 7
Resolve ticket Value 8
RESOLVED Value 9
Schedule intervention ~ Value 10
Take in charge ticket Value 11
VERIFIED Value 12
Wait Value 13
Closed Value 14
Value 15
Value 16
Value 17
Value 18
Value 19
Value 20
Value 21
Value 22

outcome of each trace. Let’s consider Cg(Py) is the Between-
ness centrality value of performer Pj. To calculate (Cp(Py)),
we use the following equation [38]:

Doit 2isi bij(Pi)
o

Cp(Py) = 1

(i#j#k)

where:
o by(Py) = L7
« g;j: The total number of shortest path fromi — j.
e g;j(Px): The total number of shortest path from i — j
which pass through Py.
« m: the total performers in the PESN.

Using the Betweenness centrality metric, the manager per-
ceives the crucial performers in the network (with high
Betweenness centrality values). They occupy the significant
tasks for completing the entire trace in the event log.

3) APPROPRIATENESS PROBABILITIES

As shown in Figure 2, the PAN gives information of operating
activities in the system and the participating performers who
executed these activities in the event log. Now we will exam-
ine the appropriate probabilities for the performers to perform
activities through the discovered PAN. Let’s consider:

e PAN is a discovered process-aware affiliation network
from an event log .

« n: The total activities in PAN.

« m: The total performers in PAN.

o A!PI: The total times activity A’ was performed by per-
former P/.

e Y iui P/(A"): The total times performer P/ perform all
activities A" in w.

o« > Al(P)): The total times activity A’ was performed
by all performers 7 in w.
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TABLE 2. The degree and betweenness centrality values of performers in

help desk data set.

16
Require Lgrade:ﬁg

Name of Performer  Degree centrality

Betweenness centrality

Value 1 0.76744186
Value 2 1

Value 3 0.534883721
Value 4 0.604651163
Value 5 0.674418605
Value 6 0.744186047
Value 7 0.651162791
Value 8 0.511627907
Value 9 0.906976744
Value 10 0.604651163
Value 11 0.558139535
Value 12 0.790697674
Value 13 0.697674419
Value 14 0.674418605
Value 15 0.534883721
Value 16 0.581395349
Value 17 0.348837209
Value 18 0.348837209
Value 19 0.348837209
Value 20 0.23255814
Value 21 0.23255814
Value 22 0.162790698

0.496492901
0.782260164
0.188922693
0.114824569
0.420356537
0.141098548
0.053892194
0.068304171
0.486805619
0.104032584
0.079424994
0.309532891
0.111876129
0.27040901
0.057286022
0.065486408
0.042585445
0.027738928
0.007284382
0
0.014359504
0

o The appropriateness probability AP,; of activity A’ is

calculated by equation:

AP i = {&pil€pi = [Ep1, Ep2, - .
where:

AP
spj =

calculated by equation:

APpj = {5pil64i = [Ea1, 842, -

23348

Sen]i 1 <j < mj

YHo ATPY)
« The appropriateness probability APy, of performer P is

SEan] 1 <i<n}

INVALID:2
RESOLVED:2
1
14
Closed:4574
1
i vE! VERIFIED:3
3 4.
a0 + END:4580
4558
i ]
254 10
4 Resolve ticket: 4983 1
%
2 1
773 DUPLICATE:1
3 258
2 439

2 Assign seriousness:4938

i

where:
AP
ke PiAb
By calculating the Appropriateness values, we receive the
probability of performers completed an activity and the rea-
sonableness value of activities that a performer executed.
These assessments help modelers to plan and allocate human

resources in the re-engineering phase of the process life-cycle
in the organization.

Eai ey

V. EXPERIMENTAL RESULTS

In this section, we present the experimental results by apply-
ing the human-centric network-based for allocating resources
in organizations with a real-life data sets. The main objectives
of the analysis in this section are as follows:

o Assess the feasibility of this approach to support in
informing decision-making on human resource alloca-
tion within the organization.

« Evaluate the effectiveness of human resource allocation
through human-centric networks.

« Answer the questions raised in the previous section (Sys-
tem architecture, Step 4).

This data set is about the process in an Italian software
company [39] (Help desk data set). The log describes the
process of the help desk about ticketing management and con-
sists of 14 activities, 21.348 events, 22 performers performed
in 4580 process instances. In these processes, performers are
assigned to different activities to manage tickets of software
problems. The list of activities and performers are represented
in Table 1.

Using the process mining framework described in [40],
we get the discovered process model of this data set as shown
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TABLE 3. The appropriateness probabilities value of the most executed activities in help desk data set.

Activity name Performer name AP value Activity name Performer name AP value
Value 2 0.267509532 Value 1 0.31490482
Value 9 0.144089906 Value 2 0.180234913
Value 1 0.138069436 Value 8 0.139935196
Value 13 0.10295003 Value 9 0.07654921
Value 4 0.07525587 Value 13 0.07654921
Value 6 0.049568533 Value 4 0.068651276
Value 12 0.035119406 Value 14 0.054880518
Value 16 0.033313265 Value 6 0.014580802
Value 14 0.032711218 Value 7 0.013770757
Resolve ticket Value 8 0.023479831  Assign seriousness | Value 15 0.013770757
Value 11 0.01986755 Value 18 0.010935601
Value 10 0.019466185 Value 19 0.010935601
Value 15 0.018262091 Value 12 0.009518023
Value 7 0.016656633 Value 16 0.005872823
Value 17 0.011639575 Value 11 0.005062778
Value 19 0.004615693 Value 10 0.003037667
Value 18 0.003010235 Value 20 0.000405022
Value 21 0.003010235 Value 21 0.000202511
Value 20 0.001404776 Value 5 0.000202511
(AP value: Appropriateness probabilities value)
Activity name Performer name AP value Activity name Performer name AP value
Value 2 0.301383399 Value 5 0.813073896
Value 9 0.11916996 Value 3 0.183209445
Value 1 0.112450593 Closed Value 21 0.002404897
Value 13 0.08201581 Value 2 0.000874508
Value 8 0.081225296 Value 10 0.000218627
Value 6 0.060474308 Value 16 0.000218627
Value 4 0.056719368
Value 16 0.031027668
Value 12 0.029051383
Value 14 0.028853755
Take in charge ticket Value 11 0.020948617
Value 10 0.020750988
Value 7 0.017588933
Value 15 0.014031621
Value 17 0.005533597
Value 19 0.005533597
Value 3 0.004545455
Value 18 0.004545455
Value 5 0.001581028
Value 20 0.001383399
Value 21 0.001185771

in Figure 6. For convenience in understanding the discovered

o Step 2: Discover the human-centric networks: After

processes, we added two virtual activities named “START”
and “END”’ to this model. These activities aid in recognizing
the activities that started and ended a process in the system.

Now, we conduct resource analysis from the event log
history to contribute information to support future human
resource allocation according to the architecture presented in
the previous section (Figure 5):

o Step 1. Identify resources: By reading the event log,
we get the list of activities and performers of the organi-
zation as described in Table 1. Through data in table 1,
we perceive information on the tasks to be performed
and the available human resources to allocate to these
tasks. As we can see in the table, there are 14 activities
and 22 performers in this company. These activities
will be executed in the future operation with the list of
performers. We will evaluate the potential performers for
assigning in each task.
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gathering information about activities and performers,
we discover the PESN and PAN networks depicted
in Figure 7, Figure 10, respectively. In the discovered
PESN, we also added two virtual performers named
“START” and “END” to help us realize which per-
formers started and ended a process. For representing
these networks, we use the Graphviz [41] and Cytoscape
library [42].

Step 3: Analyze the human-centric networks of the Help
desk data set: In this step, we examine the Appropriate-
ness probabilities, Degree centrality, and Betweenness
centrality metric of performers for the networks. The
values of each performer are described in Table 2 and
Table 3. Table 3 describes the Appropriateness probabil-
ities of the most executed activities discovered through
the data set, i.e., Resolve ticket, Assign seriousness, Take
in charge ticket, and Closed. For seeing the values of
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FIGURE 7. The process-aware enterprise social network (PESN) discovered from the Help desk data set.
Value 20
Value 22 Value 18 @
4 b 4
Va\ye 1
Value 4 Vaf!'-'@-\jo
an @ Yalue 3 END
START 40 Value 5 ~ =
i ) Yy Value 2
alue
® -
Val_ueﬁ
)
Value 12 _ 4 Value 9
e Ve 13
{ ) ¥ Value 17
- w {
Value 16 Value 15
Value, 11
Value 7
Value 8 Value 19 o
@

FIGURE 8. Visualization of the discovered PESN in degree centrality metric.

other activities, the reader can refer to the Reproducibil-
ity section at the end of this paper.

o Step 4. Allocate human resources for activities in the
Help desk data set: Gathering collected information in
previous steps, we identify the role of each performer in
participating in the system’s tasks and the relationship
between activities and performers. Now we proceed to
allocate human resources for some situations as below.
Each different organization or each different operating
stage will have other measures to conduct resource
allocation. In this example, we make a scenario-based
allocation that answers some of the questions raised in
the previous section.
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— Who is the most appropriate performer for exe-
cuting a specific activity: Table 4 describes which
performer is most appropriate to execute an activity.
The meaning of the first row data in Table 4 is
that: The most appropriate performer for executing
activity named “Assign seriousness” is Value 1 and
its AP Value is 0.31490482.

— Which activity is most appropriate for each per-
former: See Table 5 for getting answers of this ques-
tion. The meaning of the second row data in Table 5
is that: The Activity named Take in charge ticket
is the most appropriate activity for executing by
performer Value 2 with the AP Value 0.360094451.
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TABLE 4. The list of appropriate performers for executing a specific

TABLE 5. The list of appropriate performers for executing a specific

activity.

Name of Activity Name of Performer AP Value
Assign seriousness Value 1 0.31490482
Closed Value 5 0.813073896
Create SW anomaly Value 2 0.641791045
DUPLICATE Value 2 1

Insert ticket Value 15 0.245762712
INVALID Value 2/ Value 1 0.5

Require upgrade Value 2 0.386554622
Resolve SW anomaly  Value 22 0.615384615
Resolve ticket Value 2 0.267509532
RESOLVED Value 2/ Value 1 0.5

Schedule intervention ~ Value 12 0.6

Take in charge ticket Value 2 0.301383399
VERIFIED Value 22 0.666666667
Wait Value 2 0.263157895

— Which performers play an essential role in the sys-
tem’s operation and are difficult to replace by the
others: To answer this question, we visualize the
PESN with the view of the Degree centrality value
of each performer (see Figure 8). The larger size
of the circle implies the essential role a performer
executed activities in the system. As shown in Fig-
ure 8, Value 2, Value 9, Value 12, Value 1, and Value
6 are the performers who play essential roles in the
system.

— Which performers can be transferred to perform
other tasks? Based on the discovered PAN (see
Figure 10), we get the list of performers doing the
same activity. Furthermore, we get the list of activ-
ities that a single performer performed. With this
information, we can transfer a performer to perform
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activity.

Name of Performer Name of Activity AP Value
Value 1 Assign seriousness 0.513540291
Value 2 Take in charge ticket 0.360094451
Value 3 Closed 0.973286876
Value 4 Resolve ticket 0.340599455
Value 5 Closed 0.99226254
Value 6 Take in charge ticket 0.448680352
Value 7 Take in charge ticket 0.320143885
Value 8 Assign seriousness 0.552358114
Value 9 Resolve ticket 0.346357935
Value 10 Take in charge ticket 0.454545455
Value 11 Take in charge ticket 0.397003745
Value 12 Resolve ticket 0.391498881
Value 13 Resolve ticket 0.361267606
Value 14 Assign seriousness 0.40813253
Value 15 Resolve ticket 0.329710145
Value 16 Resolve ticket 0.406862745
Value 17 Resolve ticket 0.666666667
Value 18 Assign seriousness 0.490909091
Value 19 Assign seriousness 0.477876106
Value 20 Wait 0.333333333
Value 21 Resolve ticket 0.441176471
Value 22 Resolve SW anomaly 0.8

other activities in the same cases. E.g., The activity
named Solve SW anomaly was performed by Value
22, Value 2. Meanwhile, both Value 22 and Value
2 performed VERIFIED and Solve SW anomaly.
So that these performers can be transferred to do
each other’s tasks.

— Which performer acts as a working bridge in the
process to execute the task? A bridge connects two
sides across a river. In a working case (or trace),
there are some performers involved in doing the
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process-aware information system. We call them a
working bridge person. Usually, this person’s role
plays an essential part in completing the entire
workflow. In Figure 9, we visualize the discovered
PESN in view of the Betweenness centrality metric.
The bigger circle, the higher performer acted as a
working bridge in the organization.

VI. CONCLUSION
Comprehending the resources to operate, utilize and serve
business activities is the solution to the success and growth of
the organization. Therefore, effectively allocating resources
) / to the organization is one of the main concerns in businesses.
o) l//'lﬂ In order to efficiently allocate resources, managers oblige
l/l/w/'//’ to understand how employees have associated in operating
') '/ the activities in the organization, effectively manipulating the
"Il"'l/"’l/‘,"”‘/‘ ilabl F omployecs in th system. and maki
S (‘ﬂ ,,/I//, ] available resources of employees in the system, and making
'»""’/ / )< appropriate adjustments to the situation of businesses. In this
2@ /, ; :
: ‘ paper, we have introduced our approach for allocating human

7

%

I/

iy
/Iii' i
AN/ /A'l'lp.t A
NP e ! . |
!,1//‘,4,‘45'/7’////;” < resources in enterprises based on the human-centric networks
L7

//Z . metrics. We:

o Summarized some different approaches to allocating
resources in the organization. With various methods,
researchers represented other efficient solutions to sup-
port allocating resources in organizations.

« Introduced our approach using Human-centric networks
to analyze the relationships between employees and
tasks and employees with the others in the organization
while operating the system. Our solution focuses on
taking employees as the core factor to build Human-
centric networks. Based on the metric values of different
networks, we explained how to allocate human resources
to the organization with different scenarios.

o Verified the approach with a real-life data set to analyze
the discovered networks and obtain values for allocating
human resources in the organization. By investigating
these discovered networks, we get a comprehension
view of the system and thereby give flexible resource
allocations for the next operational phase of the system.

N ’/};"" 7
Y il @
29/ « 7>

i
/9,'716','(/’

Vi
W

In addition to the benefits indicated, our approach still has
some limitations:

o With a huge number of employees (thousands of
employees), analyzing the relationship between organi-
zation members with Human-centric networks will be
complicated and require more time and effort.

o Our approach has not considered the performance eval-
uation index of each employee in the organization.

FIGURE 10. The Process-aware affiliation network (PAN) discovered from o The solution is also not connected to the time efficiency

the Help desk data set. of employees.

In future works, we will take these concerns into account
activities. A performer in this group acted on some and provide solutions that help predict the work efficiency of
tasks and made a connection with the others in the employees
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REPRODUCIBILITY

The full information of analyzed networks, source code,
and all related resources to produce the experimental
results in this paper can be found and downloaded at
https://github.com/MSYEONKHU/human-centric-network-
based-resources-allocation.
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