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Abstract: Problem statement: Human Resource Risk Management is one of the crucial issues in
Mobile Workforce Management Systems (MWM) in general, and in Mobile Workforce Brokering
Systems (MWBS) in Particular. It is important because, if not properly managed, it will cause
reduction in accuracy of the automated MWBS, which in turn necessitates more human involvement in
the task allocation process. Thus, no reliable planning and scheduling schema can be made or
achieved. Approach: However, a proven approach to tackle this problem is via contingency planning.
In this study, we examined a specific type of HR risk called Unexpected Absence of mobile
workforces in the context of an ontology-driven and multiagent-based MWBS. Our contingency plan
that mainly consists of a statistical method is incorporated into the body of a coordination medium
represented in OWL ontology format. Results: The proposed statistical method evaluates the past
history and the current claims of an MW in order to find out a realistic plan for the next period of the
system’s run. Conclusion: Finally, via a case study we have illustrated that this method increases the
accuracy and reliability of a periodical plan, made for MWBS in its initialization phase.
Key words: Mobile Workforce Brokering Systems (MWBS), Human Resource (HR), Mobile
Workforces (MW), Mobile Workforce Brokering System (MWBS), Task Allocation
Agent (TAA), processes performed
INTRODUCTION
Addressing Human Resource (HR) risks such as:
emergency leave, unexpected absence or resignation is
a determinative activity in successful execution of
business processes performed by workforces of an
organization. However, according to (Malone and
Crowston, 1990; Kappel et al., 1998; Pal et al., 2001)
HR risks are less regarded in comparison with other
types of risks such as financial or safety. Managing HR
risks is important because firstly, workforces are the
key players in every organization and secondly, any
disruption in task performance caused by HR risks will
have negative impact on overall performance of the
companies in which they are employed. Similarly, in
the context of an automated Mobile Workforce
Brokering System (MWBS) (Mousavi et al., 2010a;
2010b; Mousavi and Nordin, 2007; Mousavi et al., 2011),
where task allocation has to follow a prescheduled pattern,
any unexpected or unplanned unavailability of Mobile
Workforces (MW) will cause reduction in overall
performance of their corresponding organization.

Previous works: According to (Wang et al., 2005)
business organizations in the past, paid more attention
to commercially available and proven technological
solution in comparison with the commercial conditions, in
adapting a new technology to their business processes.
However, this technology-driven approach lacks adequate
knowledge about the actual benefits that a new technology
can bring to organizations (Meijer et al., 2002). Therefore,
utilizing mobile technology and particularly mobile
workforces cannot be an effective plan without
investigating its pros and cons. Although mobile
workforce solution has many positive impacts on
different aspects of an organization (Wang et al., 2006),
it can also bring harm and loss to the organization
without precise investigation on failure factors in
adapting it. In this direction, risk is one of the main
issues in adapting workforces to mobile technology
(Meijer et al., 2002).
Risk in MWM (Chiu et al., 2005) has been taken
into consideration by some researchers. For instance as
described in (Shi-Cho et al., 2005a; 2005b), MWs
specially field workers may face different kind of
circumstances in the field. These circumstances, which
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are actually environmental risks, may have direct
impact on job dispatching process of an automated
MWM. In order to address this kind of risks, ROBALO
framework: a Risk-Oriented joB dispAtching for
mobile workforce system, has been proposed in (ShiCho et al., 2005a). ROBOLO addresses the risk of job
execution for MWs and creates a balance between the
cost of job’s assignment and the reliability of
performing a job request for MWM.
Although the environmental risks are very
important, we believe that Human Recourse (HR) risks
are also very crucial factors in an automated task
allocation process. In our early work (Mousavi et al.,
2010b) we proposed a framework for MWBS. In this
framework, the life time of MWBS is divided into two
phases: Initialization phase and Run-time phase. In
initialization phase, which take place before starting of
a period (one month in our model) of the system’s run,
the entire MWs of the system submit their monthly
proposals to the system via a multi-agent architecture.
Each monthly proposal includes number of days that an
MW would be able to work during that specific month.
However, MWs are subject to human factors and they
might not be able to fulfill their initial proposals and
claims. Therefore, the reliability of the initial plan that has
to be made based on the proposals, which are acquired
during the initialization phase, is not guaranteed.
Hence, in this article we have examined a specific
type of HR risks called unexpected absence, which has
the most important negative impact on making a
monthly plan during the initialization phase of MWBS.
Moreover, the effect of aforementioned risk in MWBS
are shown and discussed. Furthermore, a statistical
method to address this risk is formulated and the impact
of the proposed method on predicting and tackling the
unexpected absence is observed.

of the cluster in which the prediction and prevention
mechanism is deployed.
Structure of the study: The remaining of this study is
structured as per the following. In Materiala and
Methods, mechanism and processes of gathering initial
proposals from MWs used by agents involved in
initialization phase of the MWBS is described, followed
by explanation of the problem statement of this
research. Moreover, we illustrate the proposed solution
comprised of the statistical method and the
incorporation of this method into a coordination
mechanism, which is utilized by MWBS. The Result
is devoted to data analysis, which depicts the result
of applying the proposed method on a dataset
collected from the past working history of a typical
MW cluster. Discussion however, describes the
innovative values of this research. Finally, in
Conclusion we conclude this study and suggests
some further works as complements to our proposed
solution.
MATERIALS AND METHODS

Problem definition: Figure 1 illustrates the
configuration of MWBS and agents, which are involved
in Initialization phase with regards to acquisition of the
monthly capacity of an MW cluster. Initialization phase
starts when a Task Allocation Agent (TAA) sends a
request to MWBS requesting to start creating a monthly
deal. Next, Initializer Agent (IA) dispatches the
initialization request to the entire Resource Agents
(RA) inquiring a proposal for the coming month. Each
RA then, sends a request to its corresponding MW to
inquire a monthly proposal including monthly capacity,
which determines the number of days that it’s
corresponding MW would be able to work during the
Research hypothesis: In an automated MWBS as
next month, and the specific dates for each preferred
described in (Mousavi et al., 2010b; 2011) the profit
working day. Subsequently, RA will check the
that an MW cluster earns, the penalty that it has to pay
proposal against a set of policy and if and only if the
due to an unsatisfied deal and the accuracy of the
proposal could pass the policy checking, it would be
brokering process is tightly coupled with the
sent back to IA as a valid proposal (Mousavi et al.,
2010a; 2011).
availability of the workforces as mentioned in their
In addition As described in (Mousavi et al., 2011),
initial monthly proposals. Since the nature of human
dependencies of activities in MWBS framework are
life is prone to unexpected and unpredictable events,
managed by an Ontology Driven Coordination model
there is always a gap between the claims and actual
performance of an MW. Therefore, we believe that
(O-DC).O-DC utilizes an ontology as coordination
finding a way to approximately predict the
medium called MWBSOnt represented in OWL
aforementioned gap will lead the automated MWBS to
ontology format. Therefore, the entire knowledge,
generate a realistic initial plan, which in turn prevents
which is required to perform and coordinate
the system from the risk of unexpected absence and
interdependent activities are incorporated into
helps the system to increase the periodical performance
MWBSOnto.OWL.
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Problem to address: The main problem that has to be
addressed in order to avoid penalties for MWBS from
the one side and to evade dissatisfaction for the service
requesters from the other side is: how to calculate a
Realistic Monthly Capacity (RMC) for an MW cluster
in presence of the risk of unexpected absence. An RMC
however, has to be a symmetrical figure attempting to
make a balance between profits that an MW cluster
earns and penalties caused by the risk of unexpected
absence. This requirement implies that if the claim of
an MW needs to be modified, the modification should
be based on real facts that lead the system to predict a
modification ratio for the claim.
Proposed solution: As it has been described in our
early works (Mousavi et al., 2010a; 2010b; 2011), there
is no way to totally evade or precisely predict the risk
of unexpected absence. However, an approximate
prediction of the possibility of the unexpected absence
Fig. 1: MWBS in initialization phase
for an individual MW in a specific period of time (one
month in this case) is an attainable objective. For such a
Although the validity of a proposal can be verified
prediction, the closest and most trustworthy source of
at policy checking stage, the fulfillment of the
information undeniably is the past working history of
proposal still remains uncertain. Undoubtedly, the
an individual MW. Analyzing the past history of an
main source of uncertainty in performing a proposal
MW, approximately illustrates that to what extend his
in this stage is the risk of unexpected absence.
claim is reliable. The result of such an analysis would
Hence, a monthly deal, which is made based on
be leading the system in generating more accurate plans
uncertain data, would be insufficient.
for the next period of system’s run.
Monthly deal: Monthly deal is the core asset of the
In view of the fact that each MW cluster is
model that we have proposed in our early works for
compelled to a monthly deal, which is made before
task allocation process (Mousavi et al., 2010b; 2011).
starting the next period, the analysis of the past history
In this model, a monthly deal is important because of
has to be focused on how precisely a monthly deal is
two main reasons. Firstly, it synchronizes the activities
fulfilled. Therefore, the past history of an MW should
of different parties, which participate in this model in
be analyzed with regard to the past monthly deals
order to allocate the tasks to the actual resources of the
consists of the number of days that he claimed to work
MWBS (MWs). Secondly, without an appropriate
and the number of days that he performed for each
monthly deal, none of these parties would be able to
month in the past. By analyzing these datasets, system
create a plan for the next period of the system’s run.
can conclude how likely each individual MW will
Therefore, as soon as a monthly deal is made and been
fulfill his obligations, which is the gap between his
agreed upon by all parties, it cannot be downgraded
claims and his fulfillments. Consequently, by deducting
meaning that the capacity of the cluster, which has been
this approximate ratio from the new proposal of an MW
mentioned in the deal cannot be decreased as any
whose past history has been analyzed, a realistic
decrement in this figure will affect both the task
monthly capacity can be calculated for him, which can
allocation system (outsourcing vendor) as well as the
be used to make a realistic monthly deal for his next
client organization (service requester) (Mousavi et al.,
working period. Finally, the summation of RMC’s for
2010b; 2011). Therefore, any decrement in a monthly
the entire MW’s of a cluster creates a suitable and more
deal will be penalized in order to recompense for the
dissatisfaction in providing the amount of services,
realistic norm for making a monthly deal for the next
which have been pledged and promised by MWBS.
period of system’s run.
Nevertheless, as mentioned earlier, the risk of
In the following lines we will formulate and
unexpected absence most likely does not allow a complete
describe a statistical method to calculate RMC for each
satisfaction in accomplishment of a monthly deal.
MW of a cluster and ORMC for the cluster itself.
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Formulization of the solution: We formulate the
statistical method to address the risk of unexpected
absence of MWs in eight definitions as following:
Definition 1: Let:

m

UMC(n +1) = ∑ i =1 (proposed i(n +1) )

UMC is a value that the MWBS intends to achieve
but unexpected absence might not allow it to be achieved.

Proposedi : Be the number of working days that an
MW claimed to work for month i.
Performedi: Be the number of working days that an
MW performed in month i.
D:
Be a discreet random variable (Mendenhall
et al., 2009) illustrating the difference
between an MW’s Proposal and Performed.

Incorporating the solution into O-DC: The main
target of the statistical method as a contingency plan
(Marshall and Alexander, 2005; 2006a; 2006b) is to
synchronize the activities of the agents, which are
involved in initialization phase toward making a
realistic monthly deal. The contingency plan for the
Risk of unexpected absence for the month of n+1 for m
agents of a cluster is defined as following:

Definition 2: ∀ Proposedi ∧ ∀ Performedi: Proposedi ≥
Performedi

•

Definition 3: P [D = x]: The probability of D to be
equal to × (Mendenhall et al., 2009).

•

Definition 4:

•
•

f (xi) = P [D=x]

•

xi = Proposedi-Performedi:

•
•

∑

n
i =1

n

f (x i ) = ∑ i =1 p[D = x i ]

•

Definition 5: Mean of the discrete random variable
×(Mendenhall et al., 2009):
n

µ i (n + 1) =

i =1

µi

i =1

∑
(n + 1) = ∑

n

xi f (xi) =

∑

n
i =1

(xi / n )

[proposedi − performedi) / n ]

Definition 6: Realistic Monthly Capacity of the month
of n+1 (next month) for the MWi is calculated using the
following formula:

•
•

In Initialization phase, an Initializer Agent (IA)
builds a team of the entire RAs of the system
RAs get the proposal from their corresponding
MWs
Proposals will be checked against the policy
If the proposal complies with the policy, then each
RAi calculates the RMC i,(n+1)
When the entire RMCs are calculated, O-DC
notifies the IA
IA will calculate the ORMC (n+1) and UMC (n+1)
IA will send these two values to a Task Allocation
Agent (TAA) and makes a deal
The main goal of the MWBS In Run-time phse will
be to fulfill the ORMC
If ORMC is fulfilled, then the MWBS will try to
fulfill UMC
TAA is flexible enough to accept the increment to
the initial deal, but decrement is not tolerated and
will be penalized

Figure 2 shows a partial view of the
MWBSOnto.OWL ontology. In this view, the
relationship between a typical MW (MW1) and its pats
history are depicted. MW1 is in hasHistory
PMCi(n +1) = proposed i − u(n + 1)
“objectProperty” relationship with its past histories
(e.g., History_MW1_01-2010) while each past history
object is in relationship with its identifying data with
Definition 7: Overall Realistic Monthly Capacity for
“DataProperties” such as hasProposal, hasRMC.
the month of n+1 (next month) for entire MWs of a
Figure 3 depicts SAPRQL query that is needed
cluster is calculated using the following formula:
to be executed in order to retrieve the entire past
m
ORMC(n +1) = ∑ i =1 (RMCi(n +1) )
history of an MW from the coordination medium.
The results of this query are used to calculate the
RMC for an MW for the next period. Figure 4
Definition 8: Ultimate Monthly Capacity (UMC) of a
cluster for the month of n+1 (next month) is the sum of
illustrates an INFORM KQML message that is used
Proposedi of the entire MWs in the cluster. UMC for
to add a new history (history for the next month) for
the month of n+1 (next month) for all MWs of a cluster
an MW into the coordination medium including
is calculated using the following formula:
its proposal, date, label and its calculated RMC.
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Fig. 6: INFORM Message to add a new History
for cluster Ci into ontology

Fig. 2: Incorporating past history
coordination medium

of

MW1

into

Figure 5 shows a REQUEST KQML message that is an
indicator to IA agent to calculate the ORMC upon
finishing the calculation of RMCs for the entire MWs.
Finally Fig. 6 shows an INFORM KQML message that
is used to add a new history (history of the next month)
for the Cluster Ci (C1 in this case) into the coordination
medium including its proposal, date, label and its
calculated ORMC.
RESULTS

Fig. 3: Query to retrieve past history for MWi
from ontology

Fig. 4: INFORM message to add a new history
for MWi into ontology

Introducing datasets: The dataset being used in this
study is based on the past history of a typical MW
cluster called C1. As described in (Mousavi et al.,
2011) and depicted in Table 1, this past history consists
of 5 months of the working period (January to May
2010) for cluster C1 including 4 MWs (MW1-MW4).
The main purpose of Table 1 is to illustrate how RMC
for the next month of the system run (in this case June
2010) is calculated for each MW exploiting the
Proposed and the Performed values of MW’s past 5
months of working history using the formulas described
earlier.
Calculating RMC and ORMC: Here, the execution of
the formulas mentioned earlier, on the dataset shown in
Table 1 is described. As stated earlier, the main purpose
of these formulas is to calculate RMC for each
individual MW and to calculate ORMC for the entire
cluster as an end result for the process of managing the
risk of unexpected absence. For this purpose, we apply
the formulas on dataset for MW1 and since the
mechanism is identical for every MW, we ignore
applying the formula on the remaining.
The execution of formulas on MW1’s past history
is as following:
From definition 5 we have:
n

n

µi(n +1) = ∑ i =1 xif (xi) = ∑ i =1 (x i =1 )
[(proposed i − performed j ) / n]

Fig. 5: REQUEST message to calculate ORMC
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Table 1: Dataset to calculate RMC and ORMC
MWi
i
no
Monthno
Proposedno
1
10-Jan
13
2
10-Feb
14
MW1
1
3
10-Mar
18
4
10-Apr
17
5
10-May
16
2
1
10-Jan
17
MW2
2
10-Feb
14
3
10-Mar
15
4
10-Apr
18
5
10-May
12
MW3
3
1
10-Jan
10
2
10-Feb
19
3
10-Mar
18
4
10-Apr
16
5
10-May
12
MW4
4µ
1
10-Jan
15
2
10-Feb
18
3
10-Mar
12
14
4
10-Apr
15
5
10-May
20

Performedno
10
12
18
11
10
12
14
15
14
11
10
11
17
10
11
10
16
12
15
17
ORMC 6

xi
3
2
0
6
6
5
0
0
4
1
8
1
6
1
5
2
0

n

5

5
12

5

Proposedµ i,(n+1)
Proposed1,6
=
15

µ (n+1)
µ 1,6
=
3

RMC i,(n+1)
RMC 1,6
=
12

Proposed2,6
=
2
Proposed3,6

µ 2,6
=
µ 3,6

RMC 2,6
=
10
RMC 3,6

0
=
14

5
=
3

=
11

Proposed4,6
=
16

=
2

RMC 4,6
=

0
3

Table 2: Comparing proposed, RMC and performed of MWs for 4 months of data analysis period
June
July
August
------------------------------------------------------------------------------------------ --Po
RMC
Pe
Po
RMC
Pe
Po
RMC
Pe
MW1
15
12
12
12
10
10
19
16
12
MW2
12
10
11
16
14
12
20
18
20
MW3
14
11
11
17
14
15
19
16
10
MW4
16
14
14
14
12
12
20
28
28
Total
57
47
48
59
48
49
78
68
60

Therefore:

4,6

47

Sept
-----------------------------Po
RMC
Pe
14
10
10
15
13
13
18
14
15
17
15
15
64
52
53

period of 4 months (June to September 2010). In this
table RMCs are calculated exploiting the methods
µ1,6 = [((13 − 10] + (14 − 12) +
described earlier and the data shown in Table 1
(18 − 8) + (17 − 11) + (16 − 10) / 5] = 3
presenting the past history of the cluster for the past 5
consecutive months. The last row of Table 2 contains
RMC1.6 = proposed1,6 − u1,6 = 12
the total values of Po, RMC and Pe for the entire MWs
in
each month, not to mention that the total RMC is
From definition 7 we calculate ORMC 6 as follow:
actually the ORMC of the cluster.
Table 3 On the other hand, depicts the overall
n
ORMC6 =
(RMCi,(n +1) )
value
of Po, RMC and Pe for each individual MW
i =1
based on the data taken from the rows of the Table 2. In
and(m = 4) = 12 + 10 + 11 + 14 = 47
addition, difference between overall proposed and
overall performed (DFP) and difference between
DISCUSSION
overall proposed and overall RMC (DFRMC) for each
individual MW for 4 months of data analysis period are
the effectiveness and accuracy of our proposed
calculated and shown. Next, DFP and DFRMC are used
model in predicting actual capacity of the workforces in
to figure out the improvement in predicting the actual
presence of unexpected absence is investigated and
performed for each individual MW, which are shown in
portrayed. Our discussion is based on comparison
a column titled as Individual Improvement. Finally the
between 3 main variables that determines the effect of
unavailability of the MWs namely: Po (proposed), Pe
last row of Table 3 illustrates the average overall
(performed) and the RMC.
improvement in predicting the actual performed value
Table 2 includes the values of the abovementioned
for the cluster C1 in four consecutive months, which is
variables for 4 MWs of a typical cluster (C1) for the
a strongly considerable amount of 86%.
1292
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Table 3: Illustration of improvement in predicting the risk of unexpected absence
Overall proposed
Overall performed
Overall RMC DFP
MW1
60
44
48
16
MW2
63
56
55
7
MW3
68
51
54
17
MW4
67
59
59
8
Average Overall Improvement:
Table 4: Comparing total values of proposed ORMC and performed for
each individual month of data analysis period
June
July
August
September
Total proposed
57
59
78
64
ORMC
47
48
68
52
Total performed
48
49
60
53

DFRMC
4
1
3
0

Improvement individual (%)
75
86
82
100
86

communicating with each other, in a robust and acceptable
manner. Multi-agent systems which are implemented
using this approach are more generic, adaptable and
consistent in comparison with other approaches.
In this study we have proposed and formulated a
statistical method to address a specific type of human
resource risk management called unexpected absence
for mobile workforces. The proposed model is based on
evaluation of the past working history of t the mobile
workforces of an MWBS cluster. The main objective of
the proposed model from the one side is to prevent the
penalty by predicting the possible absence of MWs and
from the other side to make a balance between penalty
and profits that a cluster may pay or earn by increasing
the accuracy of the prediction. Moreover, since MWBS
utilizes a multi-agent architecture and knowledge being
used by MWBS’s agents is stored in an ontology, which
represents a coordination medium, the past history of
the system is incorporated into the ontology as well.
Fig. 7: Overall comparison between proposed, ORMC
Furthermore, the mechanism to retrieve required
and performed for 4 months
knowledge and the coordination operations and
primitives to manipulate the knowledge are described in
Furthermore, In Table 4, Total Performed, ORMC
this study. Finally, the proposed method has been
and Total Proposed for cluster C1 for each individual
applied on a dataset including the past history of the
month of the data analysis period are shown. These
system run for the 5 consecutive months and the
values are portrayed in Fig. 7 as line charts each one
behavior of the system has been observed and analyzed
which represents one of these total values.
for 4 months. The results of our observation and
It can be clearly seen in Fig. 7 that the ORMC
analysis reveal that the proposed method increases the
and performed lines are considerably closed to each
overall accuracy of predicting the unexpected absence
other and they even converge in most of the cases,
for a typical cluster during the 4 months of data analysis
while total proposed line is always far from total
period by 85% in average. This rate is a considerable
performed. The convergence and the closeness of ORMC
figure that proves the efficiency and applicability of the
and total performed line depicts the fact that our proposed
proposed method.
statistical method is an efficient and satisfactory method to
However, despite of the proven efficiency of the
predict and calculate a realistic figure for the monthly
proposed method, there are many other factors that can
working capacity of the MWs of a cluster, which is
significantly close to the actual performance of the MWs.
be added to the formal method in order to increase the
accuracy in predicting the aforementioned risk. Some of
these factors are: marital statues, number of children,
CONCLUSION
the health record and the family health record of MWs.
In conclusion, the result of this research proves that
By analyzing these types of information, which are
ontology and semantic knowledge representation and
generally the cause of the unexpected absence, system
reasoning techniques can be used as effective tools to
can detach and prevent the risk in a more accurate and
empower agents who are situated in dynamic
reliable manner. Therefore, it is strongly suggested for
environments in performing their tasks, as well as in
the future research works in this field.
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