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Abstract. Allocating the most appropriate resource to execute the ac-
tivities of a business process is a key aspect within the organizational
perspective. An optimal selection of the resources that are in charge of
executing the activities may contribute to improve the efficiency and the
performance of the business processes. Despite the existence of resource
metamodels that seek to provide a better representation of resources,
a detailed classification of the allocation criteria that have been used
to evaluate resources is missing. In this paper, we provide an initial pro-
posal for a resource allocation criteria taxonomy. This taxonomy is based
on an extensive literature review that yielded 2,370 articles regarding
the existing resource allocation approaches within the business process
management discipline, from which 95 articles were considered for the
analysis. The proposed taxonomy points out the most frequently used
criteria for assessing the resources from January 2005 to July 2016.

Keywords: Human resource allocation, Resource management, Alloca-
tion criteria, Business processes management

1 Introduction

Business process management (BPM) is a discipline that combines distinct ap-
proaches that can be used for the design, execution, control, measurement and
optimization of business processes [2]. According to [2], there are four busi-
ness process perspectives: a) control-flow perspective; b) organizational perspec-
tive; c) case perspective; and d) time perspective. Traditionally, research efforts
have been focused on the control-flow perspective [23]. Recent research has evi-
denced the need to provide better support to the organizational perspective [6,
18,19], also known as resource perspective [10]. This need is motivated due to
the focus that this perspective has on the analysis of resources that participate
in the execution of process activities (whether they are human or not human
resources [17]), and how this analysis could help to improve the process effi-
ciency [5]. Typically, the management of resources in BPM could be separated
into two task: resource assignment and resource allocation [9]. On the one hand,
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resource assignment has to do with the definition at design-time of the conditions
that resources must fulfill in order to become candidates to work on the process
activities. On the other hand, resource allocation refers to the designation of the
actual process activities executors at run-time. Specifically, the task of human
resource allocation (we focus on human resources, hereinafter referred to as 're-
sources’) represents a key aspect within the organizational perspective, seen as
an important challenge from the BPM discipline [21, 23]. The Process-Aware In-
formation Systems (PAISs) [1] provide several information systems that support
the execution of business processes. One particular type of information systems
is Business Process Management Systems (BPMSs). BPMSs focus on coordinat-
ing and automating business processes in such way that the work is executed at
the right time and the allocated resources are available and autherized to per-
form the work [10]. For instance, Bizagi (bizagi.com) provides an organizational
metamodel including properties such as: role, organizational position, and exper-
tise criteria. Moreover, Bonita BPM (bonitasoft.com) presents an organizational
metamodel considering properties such as: role, organizational position, and au-
thorization criteria. One salient feature of Bonita BPM is the use of memberships
and organizational groups to handle resource allocation. Distinct articles have
focused on supporting the organizational perspective through metamodels that
perform the modeling and visualization of requirements related to the resources.
Within these proposed metamodels, there has been an important interest in
the relationship between resources and their competencies (e.g., expertise), and
the organizational structure (e.g., role or organizational position) [8,16,19]. Al-
though the proposed metamodels have sought to represent resources, they have
not considered a broader set of criteria for assessing resources and determin-
ing their suitability to participate in the execution of process activities. Despite
the focus on process management and the adequate selection of resources to be
allocated, the currently provided support by BPMSs to the organizational per-
spective has room for improvement [11,19], as a way to advance PAISs towards
the concept of Process- and Resource-Aware Information System(PRAIS) [7].

In order to contribute to improve this shortfall, our work is a first step to-
wards a taxonomy of resource allocation criteria. We conducted a Systematic
Literature Review (SLR) [13] of the research area of resource allocation within
BPM. Further details about the systematic review process performed can be
found in [4]. From 2,370 articles, we systematically analyzed a set of 95 articles
that pertain to the period between January 2005 and July 2016. This work may
serve as a reference map of resource-related criteria that are commonly assessed
in existing allocation approaches, a classification that has not been reported so
far. This proposed classification may help those in charge of the process-oriented
systems to identify what other resource-related information is relevant to cap-
ture, a frequent question from the point of view of the BPMSs [10]. This paper
is organized as follows: Section 2 presents the resource metamodels found in
the reviewed literature. In Section 3 we identify and classify distinct types of
resource allocation criteria based on the 95 articles. Finally, Section 4 outlines
the conclusions and future work.
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2 Resource Metamodels in Human Resource Allocation

Diverse approaches have been presented to face the challenge of improving the
resource allocation task. These approaches have proposed allocation methods
using techniques and algorithms belonging to different fields, such as machine
learning [12], dynamic programming [14], or computational optimization [22].
Within these allocation methods, different metamodels (see Table 1) have been
proposed with the aim of providing a better representation of resource-related
information, identifying criteria and other properties that are considered when
allocating resources to activities.

Table 1. Identified resource metamodels

Name Description Criteria Used

Human Allows the association of roles and resources.
Resource Provides a competence metamodel for the
MetaModel modeling of resources, considering their com-
(HRMM) [16]  petences, skills and knowledge.

Supports the resource requirements modeling

Role, Authorizations,
Organizational posi-
tion, and Expertise

Resource . L. . . L

::S irctive and visualization. It includes three main as- Role, Authorizations,
perspe pects: structure, authorization, and work dis- Organizational posi-
extension to the | ., . . . .
BPMN 2.0 tribution, focuses on the distribution of work tion, Experience, and

metamodel [19] corresponding to atomic activities among re- Expertise

sources.
Role, Organizational
position,  experience

and Expertise

Organizational Is an organizational metamodel used to de-
metamodel [17] fine a.set of workflow resource patterns.

Resource Enables the representation of entities pro- L
. k . Role, Authorizations,
Perspective vided by WfMSs to implement the resource L .
. . .~ Organizational  posi-
Implementation perspective aspects. Is based on the generic tior. Fxperience. and

Metamodel elements: Resource, ResourceParameter and ’ p ’

(RPIMet) [20] = ResourceRole defined by BPMN. Expertise

Metalmodel used to express organisational
information, which is able to cover the work-
flow patterns.

Represents a hybrid meta model, which is Role, Organizational

Organisational
metamodel [18]

Identity, Roles or
Groups, and Relation

Metamodel for

based on a previous analysis of organiza- position, Organiza-
resource . s . . -
. tional metamodels within workflow manage- tional unit, Privilege,
modeling [15] .
ment systems. and Expertise

Is a UML class diagram that includes it cor- Roles,  Organization

UML. . responding XML rendition, which can be structure, Availabil-
organizational . . : :

used for the specification of workflow re-ity, Location, and
model [3]

sources. Expertise

After reviewing these proposed metamodels, we found that they have pri-
oritized the inclusion of criteria such as: organizational structure, roles, autho-
rization aspects, experience, and expertise level as well as resource constraints.
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However, in the literature, we found that there are other criteria being used by
the allocation methods to assess resources. These criteria have not been mapped
to date yet, and they need to be reported in order to suggest information that
should be recorded in the BPMSs to those in charge of the process-oriented
systems.

3 Types of Resource Allocation Criteria

In this paper, we conducted a SLR following the guidelines proposed by Kitchen-
ham [13] in order to identify, evaluate, and classify the resource allocation criteria
followed to allocate resources. The guidelines include four main steps. First, the
definition of the research question. In our case, we created the following re-
search question: What resource-related criteria have been used to perform the
resource allocation? The second step refers to conduct the search. This step in-
volves the definition of the keywords to perform the search. The set of selected
keywords was: resource patterns, resource allocation, resource assignment, staff
assignment, task allocation, task assignment, process mining, and business pro-
cess management. Third, we proceed with the screening of papers. We reviewed
the title, abstract and keywords of the selected papers, and evaluated them ac-
cording with our predetermined inclusion or exclusion criteria. Fourth, the data
extraction step focused on answering the aforementioned research question. Ini-
tially, we evaluated 2,370 articles. We excluded any duplicate papers identified.
Thus, a set of 1,950 papers was obtained. Then, a total of 95 articles met our
selection criteria, which were used for further analysis in the data extraction
step. For details on the SLR protocol, we refer the reader to [13]. Our aim is to
propose a classification that may serve as a reference to improve the capture of
information that is currently carried out through the BPMSs. Our classification
gather criteria associated with resource properties, which have been proposed
by methods of resource allocation throughout the analysis period. It should be
noted that we only considered resource-related information. Attributes related
with task information, time information, and process information are not part
of the scope of this work, but will be studied in greater detail in order to extend
the proposed taxonomy. The proposed classification is presented in Figure 1.
We considered the following allocation criteria:

Amount: Number of resources required.
Experience: Resource experience executing process activities (e.g., years).
Expertise The expertise category includes the following criteria:
— Cognitive attributes: Cognitive characteristics a resource might possess,
such as sentience, volition and causability.
— FEaxpertise: Resources capabilities, competences, skills, and knowledge.
— Functional attributes: Resource behavior characteristics (e.g., adaptabil-
ity).
— Non-functional attributes: Other attributes that may influence the per-
formance of the resources (e.g., environmental factors and technical aids).
— Work variety: Analyses similar and dissimilar tasks done by a resource
in a day.
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Fig. 1. Proposed taxonomy
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Preference: Resource preference for executing certain types of activities.
Previous performance: The previous performance category includes the fol-

lowing criteria:

work done by other resources.)

(e.g., customer satisfaction).

based on previous performance.

systems.

Role: The role category includes the following criteria:

locate, and authorization privileges.

tional position.

activities.

Cost: Evaluates cost attributes such as resource total cost.
Feedback: resources give their feedbacks in order to accept or refuse the

Quality: Evaluates the satisfaction level of the executed process activities
Reputation: Evaluates resource social standing within a resource network
Time: Evaluates time attributes such as execution time.

WE execution history: Audit trails provided by workflow management
Authorizations: Constraints regarding to a specific person or role to al-
Location: Resources has attributes to describe its location and the struc-
ture of activities that it can perform in a workflow.

Organizational position: Constraints regarding to a specific organiza-

Responsibilities: Set of responsibilities on a resource to perform specific

Social context: The social context category includes the following criteria:

Collaboration: Measures resource collaboration and cooperation.
Compatibility: Measures resource compatibility.
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— Influence: Degree of the influence that on resource has on some other
resources.

— Social position: Resources form various social communities and take dif-
ferent social positions while participating in business processes.
Trustworthiness: Notion of trust degree that a resource may have to execute

activities.
Workload: The workload category includes the following criteria:
Awailability: An existing resource is available, busy or not available.
— Occupancy: Consider the actual idle level of a resource. consider how a
resource is occupied executing activities.
Workload: The capacity of resources to perform specific activities is con-
strained.
Work Schedule: Refers to different types of work schedules (e.g., shift
plan, part time or full time).

We have classified the selected articles according to these proposed cate-
gories. Figure 2 shows the distribution of the articles according to each crite-
rion. It should be noted that more than one criterion might have been used in
a single article. We can see that eight criteria (30% of total) are the most rele-
vant ones considering their occurrence frequency. We found that Authorizations,
Availability, and Expertise are the most frequently used criteria, which are con-
sistent with the criteria priorities proposed by the existing metamodels (shown
in Section 2). However, we found that 18 criteria (70% of total) correspond to
criteria that, despite their occurrence frequency are not very high (5 times or
less), represent a key insight in regard to the importance of evaluating other
criteria when selecting resources.
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Fig. 2. Amount of articles per resource allocation criteria

Regarding these categories, we note that Role (68 times) and Workload (66
times) group criteria are the most often used by resource allocation approaches
(59%, 134 times). Meanwhile, the remaining 7 categories represent 41% (92
times), where we can highlight Previous performance (36 times), Expertise (33
times), and Social context (8 times) as categories that are becoming prominent

Workload
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within approaches to allocate resources. Figure 3 provides a breakdown of the
resource allocation categories per year. We can see that Workload and Role
categories have been present in studies throughout the period of analysis. It is
possible to highlight that in the period 2010 to 2016, there is a high concen-
tration of allocation methods that used criteria regarding Workload, Role, and
Ezpertise categories. This concentration confirms the preference to use criteria
associated with the organizational position, availability and workload, and the
resource suitability for allocation considering their expertise level. In addition,
it is relevant to see how other criteria such as Previous performance, Social con-
text, and Preference begin to be more popular criteria in the last 5 years of the
period analysis. Specifically, we can highlight Cost as an emerging criterion (22
times). Some human resources are more expensive than others, and cost being
used as an important property to assess within the allocation approaches, and
as a major decision criteria in large companies.

Workload @
Trustworthiness
Social context

Role 2
Amount Q

Preference
Experience
Previous perfomance

s N
Expertise .

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig. 3. Breakdown of the resource allocation categories per year

We can conclude that resource allocation approaches have mainly considered
criteria such as Authorization or Ezxpertise because these criteria are commonly
found in meta models and through BPMSs. However, there is a trend towards
multi-criteria approaches to allocate resources, where using distinct criteria than
those frequently used to assess resources is an increasingly common practice in or-
der to select the most suitable resources for executing process activities. Evaluate
Previous performance and consider social context attributes are two categories
that being more popular in recent years. From our point of view, Fxpertise, Role
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and Workload are criteria that will continue to be used. Nonetheless, there has
been a need to combine these criteria with other criteria in order to optimize
the resource allocation task, due to the evolution about how resources are being
evaluated in organizations. Identify other criteria associated with time, process
and task information, and propose allocation mechanisms that allow prioritizing
and recommending resources are challenges that require further research.

Due to space constraints, further details about followed review process and
the entire classification can be found in [4].

4 Conclusions and Future Work

In this paper, we have identified and classified the main criteria used in resource
allocation approaches in order to improve this task within organizations. We
focused on considering those criteria that are related to the properties of human
resources. We compiled a SLR of a set of 95 articles that proposed resource allo-
cation approaches. We intend that the proposed classification can help those in
charge of the process-oriented systems to discover common information used to
evaluate resources. In addition, this classification may suggest the capture and
integration of new resource-related information as part of BPMS systems, which
may serve to improve the support currently given to the organizational perspec-
tive. As future work, we plan to extend the proposed classification, including
other evaluation criteria, evaluate the effectiveness of the criteria on resource
allocation, as well as formalize the allocation criteria identified in a taxonomy
of resource allocation criteria.
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