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Abstract: This paper introduces a model for supporting human resource allocation decisions in software
development projects. The model’s underlying allocation method is based on an extension of the
bio-inspired response threshold model and takes into account various aspects of the human resource
allocation problem, such as the skills of available human resources, activity-related skill requirements as
well as social ties/relationships among involved human resources. The model is demonstrated using an
exemplar case problem concerning human resource allocation to a set of software development tasks.

Key words: Human resource allocation, software project management, social networks, bio-inspired
methods, response-threshold model.

1. Introduction

In addition to technical aspects, software engineering processes involve highly social activities [1].
Communication, cooperation and co-ordination between human resources are considered quite important,
particularly in the context of open source and distributed software development projects [2], [3]. Project
members, for example in a large distributed software project, work better when they engage in effective
collaboration and interactions with their colleagues [3]. Consequently, the success of a large software
development project does not depend only on the expertise of the people involved in the various project
tasks, but also quite importantly on how effectively they collaborate, communicate and work together in
teams [4], a fact that is indicated by their social ties/relationships. It has been argued that failure to
consider collaboration issues in human resource allocation may compromise the project success [3].

In this paper, a model for allocating human resources to software development tasks while taking social
ties/relationships into account is introduced. The proposed model considers human resource skills,
activity-related skill requirements, and social ties represented in a social network structure. The allocation
method employed is based on an extension of the bio-inspired Response-Threshold Model (RTM) [5] with the
aim to dynamically allocate human resources to tasks in an optimized manner. The RTM model concerns
association of entities to objects, such as bees with flowers, generated by entity responses to stimuli
produced by objects. Each entity has an inherent threshold influencing its response to object stimuli. More
specifically, an entity is considerably more likely to respond to a particular stimulus when the stimulus
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intensity exceeds the respective threshold of that entity. The remainder of this paper is structured as
follows: Section 2 introduces the proposed human resource allocation model and Section 3 presents an
exemplar case study scenario. Section 4 presents the benefits of the proposed model and a brief comparison
with representative relevant work. Finally, Section 5 concludes the paper.

2. Socially-Related Human Resource Allocation

2.1. Human Resource Allocation Problem

In the proposed model a software development project P is considered as a set composed of N
different software development tasks t; (i = 1,2, ..., N). Each task is planned to be executed as a set of M
individual development activities, that is t; = {a;;,a;,..,a;y}. Each activity a;; (i=12,..,N, j=
1,2, ..., M) requires a specific level of skills to be completed successfully. In particular, let K be the number
of development skills offered by the available human resources. Let h;j) € [0, g] be the minimum level of
skill required on skill ¢,(k =1,2,...,K) by activity a;j (i=12,..,N, j=1,2,..,M), where g € N and
g = 0. A value of h;j; equal to 0 represents that no skill is required and a value equal to g denotes that
the highest skill level is required. Furthermore, let D be a set comprising L available human resources d,
(l=1,2,..,L) For each skill ¢, (k=1,2,..,K) each d; € D is characterized by a respective skill level
T € [0, g].

The model also considers the software project social network structure SN = (D, E), that is defined as a
weighted undirected graph, where each vertex d; € D represents a human resource and each edge

”

e= (dl, dq,wlq) € E indicates a social “tie” denoting a collaboration relationship between human
resources d; and d, [4]. A weight w;, € [0,1] near 0 represents that human resources d; and d, have
not communicated/collaborated as “closely” as two other human resources d;, and d; with a weight
wyq near 1. Given a set of project tasks P with their respective development activities and a group of
available developers D, the human resource allocation problem refers to an effective activity-to-developer
assignment such that that task (skill-related) requirements are satisfied and social relationships between

team members allocated to activities of the same task are maximized.

2.2. Socially-Aware Human Resource Allocation Model

In the proposed model each available individual human resource d; (I =1,2,...,L) is considered a
passive object characterized by a set of stimuli S;. s;;, € S; denotes the stimulus generated from human
resource d;(1=1,2,...,L) withrespecttoskill ¢, (k=1,2,..,K). s; can be calculated by (1) as follows:

1)

T, d; is available
tk — |r,k — hijk | d, is engaged in activity a;;

where, 7y is the level of skill ¢, possessed by human resource d; and h;jj is the level of skill ¢, which
is required for proper execution of activity a;; (i=1,2,..,N, j =1,2,..,M) inwhich d; is engaged. s is
calculated for each skill ¢, and each developer d; € D.

To capture social relationships among members of a development team formed in the context of a task,
the concept of social factor is introduced. The social factor, denoted by F, reflects the degree to which a
human resource d; (d; € D, 1 =1,2,...,L), is socially related with human resources already assigned to
activities of a task. Considering that a number of E; < L human resources have been assigned to perform
the activities of task t; € P, Fj; is given by (2):

E.
L= Wi
Fy = %Lq (2)
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where 25":1 wy, is the sum of weights of the social connections of a human resource d; € D with the
human resources (d,; € D, q = 1,2,...,E;, and d; # d;) engaged in task t; € P, and E; is the total number
of human resources engaged in activities of task t; € P. F;; is calculated for each human resource d; € D
which is a candidate for undertaking execution of an activity of a task ¢t;.

Each activity a;; (i=12,..,N, j=12,..,M) in task ¢t; (i=12,..,N) is associated with a set of
response thresholds 6;; (i =12,..,N, j=1,2,..,M), where 6;;, is the response threshold of activity
a; (i=12,..,N, j=12,..,M) with respect to skill ¢, (k=1,2,..,K). Threshold 8;; reflects the

tendency of activity a;; to respond to stimulus s, of human resource d; € D, [ = 1,2, ...,L with respect

j
toskill ¢, (k=1,2,...,K). The response threshold 6;;, of activity a;; with respect to skill ¢, considering
human resource d,; is calculated by (3):
hijk! Ei = 0
Hijk = O, Ei > 0and hijk < Fil (3)
hijk - Fil' Ei > 0and hijk > Fil
where, hijk(i =12,..,N, j=12,..,.M, k=1,2,...,,K) is the level of skill ¢; required for execution of

activity a;;, E; is the total number of human resources engaged in activities of task t; € P, and F;; is the

jr
social factor of task t; with respect to human resource d, € D, [ = 1,2,...,L, with 6,5, € [0,g]. 0;j is
calculated for each skill ¢, and each developer d; € D. Consequently, the probability Tilj of activity a;; to
select a human resource d,; (i.e., the probability that resource d; will be assigned to activity a;;) can be

calculated by (4):

K
L sux0i
Til' _ Yk=151%0ijk : @)
\/ZII\S:l(SLk)ZX\/211§=1(9ijk)

where sy, is the stimulus of resource d; € D (as calculated by (1)), 6;j; is the response threshold of
activity a;; with respect to skill ¢, (calculated by (3)). Tl-lj € [0,1] with values close to 0 representing low
probability, while values close to 1 standing for high probability for allocating resource d; to activity a;;.

Tl-lj is calculated for each developer d; € D. Equation (4) is inspired by cosine similarity [6] which is a
measure of similarity between two vectors. The proposed formula ensures that the most “suitable” resource
will be selected for each task, since the higher the variance between the two sets, stimulus and threshold,
the lower the probability. This ensures that the most suitable and not the “best” human resource will be
selected for each task, as finding the “best” is not always related with the optimal decision [7].

Finally, for defining entities and objects, as required by the RTM model, an agent-based approach is
adopted. Tasks are modelled as autonomous decision-making entities termed task agents that are able to
select human resources, considered to be passive objects, based on local information. One of the most
important benefits of agent-based systems is their ability to capture emergent phenomena resulting from
the interactions of individual entities [8]. For this reason, in the proposed model tasks are modelled as
agents which act locally based on the bio-inspired response threshold model, and the allocation of human
resources to tasks emerges as the result of individual agent actions.

2.3. Human Resource Allocation Recommendation Algorithm

Based on the above model, a simple algorithm for generating human resource allocation recommendation
is described below. Initially the stimuli thresholds are estimated for all activities and all tasks. Subsequently
for each activity of each task the following steps are executed:

The algorithm takes as input the required skill levels h;; (i = 1,2,..,N, j=12,..,M, k =1,2,...,K) for
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all skills and all activities of all tasks.
1) For each activity al-j(i =12,..,N,j=12,..,M)ofeachtask ¢; (i =1,2,...,N):
a) For each humanresource d;(d; €D, 1=1,2,...,L):
i. Foreach skill ¢, astimulus s;;, is calculated using (1).
ii. The social factor F; for task t; and human resource d; is calculated using (2).
iii. For each skill ¢, a skill threshold 6, is calculated using (3).

iv. The probability Tl-lj of a;; selecting human resource d; is calculated using (4).

v. By sampling from the discrete distribution defined by Tilj,

alias method described in [9], a human resource d, is selected and assigned to activity a;;.

for example using a method such as the

2) Finally, a recommendation for human resource allocation is generated when all activities are assigned

to human resources, or when no feasible allocation can be found.

We assume that the level of skills required by task activities and the level of skills possessed by available
human resources are subjectively evaluated by the involved project managers. To achieve an, as much as
possible, objective evaluation of knowledge and skills, we can apply a group-based decision method, such as
the one we recently introduced in [10]. This method follows a similarity degree-based aggregation
technique to derive an objective and aggregated assessment (on behalf of all involved project managers) for
provided/required skills/competencies. In the general case, the above algorithm could be repeated for a
number of cycles and the order in which activities will be assigned human resources would be randomized
before each cycle.

3. Exemplar Application Scenario

In an exemplar scenario, we assume that five (L = 5) human resources in a software project, d,, d,, ds,
d, and ds, create the project social network presented in Fig. 1. We also assume that these human
resources have been evaluated by following the group-based assessment introduced in [10]. In particular,
we assume that the involved project managers have assessed the candidate human resources according to
three (K = 3) required development skills, which are knowledge in SQL, Java and C programming. Table 1
shows the results of applying the assessment method introduced in [10], where final (aggregated)
assessments take values in the interval [0, 5], where 0 denotes “very low” and 5 denotes “absolutely high”
level of the corresponding skill, respectively. We finally assume that there are two development tasks
(N =2), t; ={as1,a,2} and t, = {a,q,a,5,a,3} which have been also evaluated by the involved project
managers (i.e., by applying again the assessment method introduced in [10]) on the skill level required for
their respective activities. The resulted assessment results are shown in Table 2.

Initially, a randomly chosen task agent A, calculates the probability to respond to (i.e. select) the
available human resources with respect to activity a;;, considering that no human resource (E; = 0) is
engaged to any other activity of task t;. The stimuli of the available human resources and the response
threshold of activity a,; are calculated according to equations (1) and (3) respectively, and they are
provided in Table 3. The probability of task agent A, responding to human resource d, is calculated by

applying equation (4), as follows:

Y3 S1e X O11k 1X543+3x1+4.69 x 2.43

T1 = = =
V12 + 32 + 4.692 x /5.432 + 12 + 2.432

; \/213c=1(51k)2 X \/Zi=1(911k)2

Accordingly, the computation of equation (4) yields the probabilities for human resources d,, ds;, d,
and ds, which are T2 =094, T3 =0.58, T} =0.58 and T2

a1y a1y ayy a,, = 0.89, respectively. Since no teams

have formed yet, the human resource with skill level closer to the skill levels required by the activity has
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higher probability to be selected. Therefore, considering the distribution defined by the probabilities, task

agent A, selects human resource d, to be allocated in activity a,;.

Considering that d, has been allocated in activity a;; of task t;, task agent A, calculates the

corresponding probabilities for activity a;,. The updated human resource stimuli and the respective

response thresholds of a;,, considering the social network shown in Fig. 1., are presented in Table 4 and

Table 5, respectively.

Table 1. Available Human Resources and Their Assessment on Provided SKkills

Development Skills Software Human Resources (d)

(c) dy d, ds dy ds
SQL 1 3.25 0.55 0.55 5.31
Java 3 2 1 1 4.22
C 4.69 2.24 3 3 4.69

Table 2. Development Tasks and Their Assessment on Required Skills

Tasks (t)
Development Skills ty t,
() Activities (a)
a1 a2 azy az2 az3
SQL 5.43 2 5.69 3.75 4.75
Java 1 1.5 4.75 5.31 1.69
C 243 4.22 2 1.31 1.31

o

Wiz

o

w23=0.5 w34=0.33

=0.33
ALWVWS
w24=0.25

Fig. 1. Graph of social relationships between developers.

O

Table 3. Stimuli of Human Resources and Response Threshold for Activity a,;!

Development Skills (c)

SQL Java C
d, 1 3 4.69
d, 3.25 2 2.24
Stimulus (s) d; 0.55 1 3
dy 0.55 1 3
ds 5.31 4.22 4.69
Threshold () aqq 5.43 1 2.43
Table 4. Updated Stimuli of Human Resources
Development Skills (c)
SQL Java C
dy 1 3 4.69
d, 2.18 1 0.19
Stimulus (s) ds 0.55 1 3
d, 0.55 1 3
ds 5.31 4.22 4.69

The probability of task agent A responding to human resource d; with respect to activity a;, is

calculated as follows:

3
_ k=1 S2k X O12k

Tl

1x1.75+4+ 3 x 1.25 + 4.69 x 3.97

a2

JZi:l(szk)z X \/Zi=1(912k)2

1355
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Volume 10, Number 12, December 2015



Table 5. Response Threshold for Activity a,, for Each Human Resource

ACthlty aq
SQL Java C
dq 1.75 1.25 3.97
d, 2 15 4.22
g;‘)r eshold ds 15 1 3.72
d, 1.67 1.17 3.89
ds 2 15 4.22

Accordingly, the probabilities for human resources d,, d;, d, and ds are Taz12 = 0.56, T;u = (.98,
T# =097 and T

ai o, = 0.9, respectively. Based on these probabilities, even though human resources d;

and d, have been evaluated as equally skilled (Table 1), human resource d; has a higher probability to be
selected and allocated to activity a;, and form a team with human resource d,, with which he/she shares
a higher social relationship. Thus, A; will select human resource d, considering the distribution defined
by the probabilities for activity a;,. Task agents will sequentially continue calculating thresholds and
stimuli as they change the allocation until all activities are assigned to candidate human resources.

4. Relevant Work and Discussion

In the context of software projects, considering social relationships, when taking human resource
allocation decisions, has been seen from difference perspectives in the relevant literature. Some
representative research works are summarized below.

Zhou in [11] suggests a project human resource allocation method based on software architecture and
social networks in a project organization. The author introduced an algorithm for matching employees and
tasks based on task attributes, software architecture, and employee sKills, preferences and social relations.
Social relations among employees are defined based on their personal relations. Lappas, Liu and Terzi in [4]
were the first to address the problem of forming a team of skilled individuals to perform a given task, while
minimizing the communication cost among the members of the team through their social network. They
studied and analyzed instances of the problem and they also proposed practical algorithmic solutions
considering communication costs. Anagnostopoulos et al. in [12] proposed efficient algorithms that address
task allocation and team formation such that the required skills are satisfied and approximation guarantees,
with respect to team communication overhead, are provided.

The above approaches treat available resources as equally skilled. However, in human centered activities,
such as software development projects, personnel assignment decisions considering individual level of
skills of each available resource can clearly contribute to project success [13]. Skills assessments are one
the main considerations of the model proposed in the current paper. Furthermore, the proposed model
supports human resource allocation in software projects based on a bio-inspired paradigm, while taking
into account social relationships among available human resources. Up to our level of knowledge, there is
no human resource allocation approach in the relevant literature comprising both an effective
approximation method and a computation mechanism with the aim to consider social relationships when
allocating human resources to software development tasks. A significant advantage of applying bio-inspired
approximation methods is that they are able to handle the inherent problem complexity by using a set of
relatively simple rules and the can achieve effective management of constrained resources reaching efficient
solution equilibria. Therefore, when the number of the task allocation problem parameters increases, the
proposed approach is expected to outperform other resource allocation approaches which also consider
social relationships when taking allocation decisions. Such a comparison that will evaluate the performance
of the proposed model is currently ongoing work.
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5. Conclusions

This paper suggested a model for human resource allocation in software development tasks with the aim
to ensure maximum collaboration between co-workers. The proposed model takes into account human
resource skills, task-related skill requirements and social relationships between human resources, and
dynamically allocates human resources to tasks in an optimised manner using the response-threshold
bio-inspired paradigm. The consideration of social relationships among human resources aims to ensure
the best possible collaboration between project team members. Our future research plans include extensive
simulation experiments and comparison of the proposed model with other approaches.
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