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Business Process Management Systems (BPMS) is a complex information system that provides
designing, administrating, and improving the business processes. Task allocation to human resources is
one of the most important issues which should be managed more efficiently in BPMS. Task allocation
algorithms are defined in order to meet the various policies of organizations. The most important of
these policies could be reducing the average cycle time, balancing the resource workload, increasing
the product quality and minimizing the production costs. Therefore, choosing an appropriate resource
in task allocation algorithms could influence on overall policy of the organization. In heavy load
conditions or when the number of human resources is limited, workload balancing can increase the
stability of the system. In this paper, a task allocation algorithm is proposed to rebalance the resource
workload in runtime while minimizing cycle time by offering dependent pair tasks to resources for
concurrent processing. The experimental results show that the combination of previous algorithms with
the proposed algorithms would have 4.42% reduction in cycle time in contrast to most efficient state-

of-the-art algorithms.

doi: 10.5829/1je.2017.30.12c.03

1. INTRODUCTION

Development and productivity of many companies and
organizations are growing rapidly. Although this
development is achieved through the use of novel
technology and advanced skills in management, the
strong competitions in the global market cannot be
avoided. Companies and organizations which are
working in a field of global trade should benefit from
new ways of customer orientation and management of
business processes to retain and increase their
customers. Therefore, BPMS provides to better manage
of the business processes [1-3]. BPMS makes for users
to have an intelligent management on business
processes. While the older tools of workflow
management systems (WFMS) provide development,
execution and management of business processes,
BPMS can also provide the possibility to manage the
interaction between processes and it is more compatible
with process models with reality [3, 4]. In this study, we
propose that the dependent tasks to be distributed
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according to expertise and ability of resources by
creating balance in the workload of service agents
(resources) and managing diversity and dependency of
tasks, which are assigned in worklist of each resource.
Appropriate allocation of tasks alongside balancing the
workloads can reduce the delivery time (cycle time) of
requests in the business process. To achieve this goal,
we use the history of process executions by looking
events log and provide a more appropriate distribution
of tasks to the work list of resources by extracting
information of "concurrent performing of tasks". The
main idea of this article is based on statistical analysis
of the history of events log from previous performances
of the business process. While techniques such as
modeling on queuing networks [5-9], reinforcement
learning models [10] and stochastic models [8, 11, 12]
have been used in many studies conducted.

2. RELATED WORKS
System stability in the business process execution is one

of the main factors in BPM systems as a type of queuing
network systems, which is actually controlling and
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maintaining the length of the worklists of resources
from not violating a specified size of usually a long
given time [13]. A technique to increase the system
stability is the resource workload balance, especially
when the number of service provider resources is
limited. This technique is used in various fields in
industry and computer science. Among them,
distributed systems and parallel computing [14], grid
computing [15] and database management system [16]
could be noted. The technique has also been used in
workflow management systems [10, 17-27].

Annually, costly researches are done to reduce the
cycle time in manufacturing plants; one of them is the
research carried out on open issue of Job shop
scheduling, which aims to create an optimal scheduling
for minimizing flow time [28-30]. The result of this
research can be wused in the business process
management systems and while the problems defined in
BPMS become complex due to the probabilistic nature
and its interaction with human activities.

In general, a major factor in the efficiency of
implementing business processes can be known in the
way of task allocation to resources. FIFO (First in First
Out), SPT (Shortest Processing Time), EDD (Earliest
Due Date) and MST (Minimum Slack Time) are among
the simplest techniques provided [31]. The advantage of
these basic methods is that they can be easily used in
any system or combined with other more complex
methods. Another factor which can be raised is the use
of ability and expertise information of resources during
the assigning tasks to agents [10, 17, 18, 32]. This
approach indirectly tries to create a kind of priority in
task allocation according to role of resources, which
collectively improves the performance of allocation
algorithm in the selection of appropriate resource, but it
decreases the flexibility of allocation algorithm in free
choice of human resources.

2. 1. Cycle time Reduction as an Objective  There
exist some papers which considered cycle time
reduction as their objective [17, 21, 33]. Xingmei Liu et
al. [33] showed their technique reduces the cycle time
by extracting social relation between resources involved
with each trace as a parameter in reinforcement learning
algorithm for task allocation problem. They have
examined their own algorithms on BPI Challenge 2012
dataset. They showed that considering social relations
lead to cycle time reduction [33-35]. Muehlen et al. [21]
have outlined the major aspects of resource
management within workflow applications, following
the workflow life cycle. They presented a generic
resource Meta model for the initial specification of the
resource structure and its population, which combines
workflow-oriented with organization-oriented modeling
concepts. Finally, they presented strategies for the use
of workflow audit trail data to improve resource

utilization and develop new process strategies. Xu et al.
[17] presented a resource allocation method, which
minimized process cost under the limited time
constraint. A resource selection rule is presented in the
study of Nisafani et al. [23] which considers factors
such as workload, queue, working hours, inter-arrival
time, and others which affect human resource
performance. They used a Bayesian Network (BN) to
incorporate those factors into a single model, which we
have called the Bayesian Selection Rule (BSR). They
show that the BSR can reduce waiting time, completion
time and cycle time. The study of Wibisono et al. [24]
proposes an on-the-fly performance-aware resource
allocation to manage human resources in BPM. They
utilize Naive Bayes Model in the Naive Bayes Selection
Rule (NBSR) algorithm in order to select an appropriate
resource to perform an incoming task. The study of
Kumar et al. [34] introduced a novel and more
sophisticated mechanism to distribute work than the
ones that are currently employed in workflow systems.
Compared to existing workflow management systems
which provide pure push or pull approaches, the
mechanism allows on-the-fly balancing of quality and
performance considerations. It merges work distribution
and delegation into an integrated framework.

2. 2. Workload Balancing as an Objective  There
are some papers which considered workload balancing
as their objective [17, 21, 33]. Although cycle time
reduction is an important issue in BPM, some workload
balancing mechanisms have emerged to resolve the
limitation of resources’ abilities [25, 35].

The papers presented by Byung-Hyun Ha et al. [22]
showed that the balancing of resources’ workloads
makes it more resistant to the increased volume of
customers’ incoming requests. Larbi et al. [35]
presented a model to solve scheduling problem in
identical parallel machines. They solve load balancing
in parallel machines by mapping strategy to time Petri-
net. Byung-Hyun Ha et al. [25] presented a method for
workload balancing of agents that perform the tasks in
the business process. They used an analytic process
model based on process specification and execution
history data. They then used a queuing network built
from the analytic process model in order to establish
task assignment policies for the efficient execution of
the business process. After that, as a practical use of the
queuing network, workload balancing is presented to
improve overall business process efficiency using a
linear programming formula. Finally, a set of simulation
experiments is conducted in order to validate the
performance with respect to using shared work lists [22,
25].

2. 3. Business Process Models Resource
allocation problem in BPMS is a chain of decision
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problems which is modeled as Markov Decision
Processes (MDPs) and queuing network in the literature
[10, 25, 33]. Since resource allocation in BPMS is an
interactive problem, reinforcement learning would be an
appropriate option to solve the corresponding MDP
problem. Ly et al. discovered the task allocation rules
from event log and organizational structure by using the
decision tree algorithm. They considered process
performers and type of activities as input, and whether
participants are involved in activities as classification
results, to learn the resource allocation model
inductively. They concentrated on a process mining
from resource perspective such as staff assignment rules
extraction. They have shown the problem of deriving
staff assignment rules using information from audit trail
data and organizational information. Ly et al. [36] have
used decision tree learning to derive meaningful staff
assignment rules. Thus, it is possible to provide staff
assignment information about activities enabling a
better understanding of the underlying process. Yang et
al. [37] used the hidden Markov model to build resource
allocation models by mining initialization parameters
from event logs, to recommend suitable process
resources to activities according to the probability of
employees involved in these activities and the
transaction among the staff.

In many studies conducted, stochastic models are
used as a model to analyze business processes. This
research has shown that these stochastic models can be
used for various purposes very well. Probabilistic Timed
Graph which was established on the basis of plausible
events in business processes, showed that it can have a
better analysis from the performance of resources and
thus has provided better management for scheduling the
resources [38]. Using the queue modeling in BPMS and
taking advantage of simulation techniques, Narahari et
al. [8] could achieve the various methods to reduce
cycle time by using queuing model analysis. Using the
modeling of each task in the business process as a queue
service provider, Son and Kim [9] could provide a
method to calculate the capacity of each resource due to
completion time for the process execution. Chang et al.
[5] studied methods to identify the critical path in
business processes. Stochastic Workflow Net (SWN) is
one of the other models which are widely used by
researchers. This model has been well-defined based on
theoretical foundation. SWN is a stochastic counterpart
of untimed Petri Nets which is used for modeling the
workflow and its analysis results are invoked to
business processes [8, 11, 12, 39].

3. THE PROPOSED METHOD

Some concepts and definitions such as analytic process
model, stored event, task, work item and activity in

BPMS are introduced in order to clarify the proposed
method.

3. 1. Analytic Process Model In this section, we
suggest Analytic Process Model, which serves as an
intermediate model from the business process model to
process in the queueing model. The analytic process
model provides the information about the business
process flow and the resources executing tasks, so we
define the analytic process model as an n-tuple p =

(p,T,F,R,U,u, 6, Q,wl) which is characterized by the

following:

i. ¢ isarrival rate of customers’ incoming requests.

ii. T isa set of defined tasks in the business process.

iii. FSTxT is a set of directional connections
between tasks, which represents the defined
workflow in the business process and determines
what task should be done after other task.

iv. R is a set of human resources.

v. UCSTXR is a set of responsibility of resources to
carry out the tasks. Each member of the set indicates
which resource is responsible for which task in the
business process.

vi. u: U - R*is a function, which maps each item

(t,r) € Uonto execution time of task t that are

performed by resource r.

.8:U X T - R*is a function which maps each item

(t,r,t') € Uonto concurrent execution time of two

dependent tasks of t and t’ that are perfoemd by

resource r.

viii. @:R — T~ is a function which associates resources
to a queue of work items in terms of sequences.

ix. wl: R - R* is the amount of workload of each
resource. The value of wi(r) requires Q@ and u
components and is computed by wi(r) =

ZtEQ(r) Her-

Vi

3. 2. Stored Event A 5-tuple of
e = (Type, Caseld, Task, Time, Resourceld) i$ an event stored
in the event log which is recorded in system storage
during the creation, allocation, start and finish of each

work item.
Create
work item
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Work list

Offer Offer

v Reject ‘

All
Offered to ocate Offeredtoa

. (pull pattern) .
multiple resources ¥ single resource
Allocated work
item to a single |
resource

Allocate
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(pull pattern)
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Started LSuspend»{ Suspended ‘

activity activity
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Fail Complete
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Figure 1.The lifecycle of a work item

Completed
activity
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i. Type: Specifies the type of event which takes one
of the values: allocation, Start, Complete, Fail,
Cancel, Suspend and Resume by itself.

ii. Caseld: is the case identifier that event e occurs on
it.

iii. Task: is the work item on which event has been
occurred while performing.

iv. Time: is timestamp of event.

v. Resourceld: is the resource identifier which has
performed the task related to event e.

Figure 1 shows life cycle of a work item in a state
diagram. Each item in the figure represents a state of a
work item which may occur in life cycle. Each edge
shows an occurrence of an event in which the state of a
work item changes and is then recorded in the log.
In this paper, we show an event with symbol e and use
the functions e.type and e.case respectively to access the
Type and Case that the event occurred on it. Similarly,
we can use the operator dot(.) to access the other
components of event.

3. 3. Task, Work Item and Activity The three
concepts of task, work item and activity are the main
concepts in BPMS. Figure 2 depict the conceptual
relationship between the mentioned concepts. When a
task in an instance of process execution is attributed to a
case, a work item is created; in other words, a work item
is a task which defines on a certain case; when a work
item is assigned to a certain resource to perform the task
on the case, an activity is defined. Execution of activity
a in BPMS, a sequence of events is recorded in Event
log. Each event e includes information of case, resource
and task which is accessible with three functions e.case,
e.resourceld and e.task, respectively. These values are
the same for all events of an activity, then we use three
functions a.case, a.resourceld and a.task for each
activity to easier access to this information. There is at
least one event with type ‘Start’ and one event with type
‘Complete’ in each completed activity which initialize
the values of a.start and a.complete. So, we have
Equation (1) to initializing them by the following:

Je € Event log,e. Type =

Start, e occurs on performing a = a.Start =
e.Time

Je € Event log,e. Type =

Complete, e occurs on performing a

= a.Complete = e.Time

)

Associated to Allocated to
as i ivi
a case | Work item |3 vesource Activity
Case Resource

Figure 2. Conceptual relationships between task, work item
and activity

3. 4. Estimating the Execution Time of Tasks By
analyzing recorded events in the Event-log, there is the
possibility to calculate average execution time of each
task in business process. This value is good to estimate
for execution time of the activity. Equation (2) shows
calculation method for execution time of performing
activity t by resource r.

Yacactr(a. Complete — a. Start)

wo= |ACtT] @)

ACY" = {ala € EventLog,a.Task = t,a.resourceld = 1}

The event log of a real-life process of BPI Challenge
2012, adopted from a Dutch financial institute, is used
for simulation. Of 6078 cases, 5 activities and 55
resources are acquired from the real-life log. By
investigating BPI challenge 2012 dataset, it is observed
that 4823 pair activities are simultaneously executed by
one resource. By more analyzing the pair activities, this
comes out that they are relevant from data perspective
and the resources probably intentionally choose to
process the pair activities so as to process faster. The
fact is also revealed that some pair activities take less
time when processed simultaneously than individually.
So what is obvious is the impact of conducting these
activities on each other that will be discussed later in
this article. Here, we introduce two types of estimating
the execution time for tasks.

3. 4. 1. Estimating the Execution Time of
Independent Tasks In Equation (2), if there has
not been performed any other activity by the same
resource concurrently with all activitiesa € EventLog
conducted by resource r, the value calculated in
Equation (2) will be the value of "estimation of
execution time for independent tasks".

3. 4. 2. Estimating the Execution Time of
Dependent Tasks Consider the two tasks of t;
and t,, and set of all activity in event log related to these
two tasks which are performed by resource r, has been
shown with

A}, = {a € EventLog|a.Task = t;,a.Resourceld = r}

and A}, = {a € EventLog|a.Task = t,, a. Resourceld =

r} respectively. For each pair of activities

a; € A, and b; € A, two activities a; and b; may be

done independently or concurrently for different values

of i and j by resource r. Simultaneity of two activities
may occur in one of the following ways.

i. Start and completion time of an activity a; is
absolutely between start and completion of b;.

ii. Part of the first or last of an activity to be inside
the other; in other words, starting time of a; is
within the start and completion time of b;, or
starting time of b; is within the start and
completion time of g
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So, set A, @A, is a subset of A, X A., which includes
all concurrent activities of two tasks t; and t, which is
defined based on Equation (3).
AL AL, =
( (a,b)|a € Af,,b € AL, 3
a.Start < b.Start < b. Complete < a.Complete or ®)
b.Start < a.Start < a. Complete < b. Complete or
a.Start < b.Start < a. Complete < b. Complete or
k b.Start < a.Start < b. Complete < a.Complete J
Statement AfpA;, = @,Vt, €T is established for each
independent task t in event log. For a dependent task ¢’
we should obtain its independent (inAf,) and dependent
(deA?,)) activities. Then, we estimate the dependent and
independent execution time. Since A}, = inA}, U deAj,
is established, obtaining one of them is sufficient.
Equations (4) and (5) have shown how to calculate
them.

deA}, ={ala € Ap,3t € T,3b € Ay, {(a,b) € Ay pAs} (4)
inAf, = A} — dedy, (5)
To estimate the independent execution time of a
dependent task t’, it is sufficient that we use a € A"
instead of the a € EventLog in Equation (2). As a
result, independent time estimate of a dependent task ¢’
is obtained from Equation (6).

u‘r(t,) _ ZaEACt,'r(a‘ClZT::’iTte a.Start)

ACHT =

{ala € inA}, a.Task = t,a.resourceld = r}

(6)

For a dependent task t’, there are also execution times
dependent on another task t. To estimate, it is necessary
that functions of T, T, and T, to be defined for two
activities a and b so that we can estimate the dependent
execution time t’ based on Equation (10).
T.(a,b) = (a.Complete — a.Start)

+ (b.Complete — b.Start) @)

T~ (a, b) = min(a. Complete, b. Complete) —

max(a.Start, b. Start) ®)

Ty(a,b) = Ty(a,b) — Ta(a, b) 9)
% (ab) EA?t”l W‘?z (Ty(a,b))

aresourceld=b.sourceld=r (10)

sT(t ) =

Number of element in Y,

In Equation (10), function &7(t',t) is ‘estimated
dependent execution time’ of dependent task t’ when it
is conducted concurrent with task t by resource r. If the

T
value of §"(t',t) is smaller than the value of u (t") +

T
u (t) for a dependent task t', it shows that if resource r
performs task t concurrent with task t’, it has saved in

time of doing tasks t and t’ in amount ofur(t’) +
u () —87(t',t). On the other hand, if §7(t',t) is
larger than the value of u (t') + u (t), it is better that

dependent task t’ is performed independently by
resource r to improve the cycle time. Another important
point is that a task may be independent for a resource
and to be dependent for another resource and values

,ur(t’) + yr(t) and 67 (t', t) to be different according to
the resource.

3. 5. Workload Rebalancing by Reallocating the
Dependent Tasks Workload balancing of
resources and cycle time reduction of business process
are the most important goals of BPMS. If the objective
of workload balancing is sought in a system, the second
objective which is the optimum value for the cycle time,
will not be achieved very well. And on the other hand,
creating an optimum cycle time will lead to non-
balancing of workload [32]. When the policy of
workload balancing is followed in a system, the
situation of cycle time may be suboptimal for several
reasons. These reasons include:
i. Reducing the cycle time has not been seen
theoretically in equations of workload balancing
ii. Workload balancing is performed by estimated
values from service time of resources and tasks are
placed in specific work list of resources based on
estimated values. But in fact, a work list may be
finished earlier and resources become inactive for
some time.
Byung-Hyun Ha et al. [25] could significantly improve
the cycle time of cases with the workload estimation of
resources based on queuing network model and
providing new workload balancing algorithm.

We follow the same objective and we want to
compensate the weakness of workload balancing
algorithm by reducing cycle time. In this paper, we
develop the algorithm presented in [25] and provide
heuristic distribution of work items which reduces the
cycle time of cases by offering synchronization of
dependent tasks, in addition to balancing the workload.
The proposed algorithm is shown as follow:

Algorithm: Workload rebalancing by reallocating dependent
tasks (WRRDT)
Input: business process model p = (@, T,F,R,U,u, §,Q,wl)

vt o Tl

2: LWR « {r|r € R,wl(r) < wl}// Resources with workload
lower than average workload
4: for each (r € LWR){
5 T, « {tl{t,r) e U}
max < —
Aselected < Q)
. 3t,t’' € T,3(a,b) € Al A},
f(y’(t’) +u"(t) =67 (t't) > 0>{
for each({a,b) € AT pA})){
0: if (W) +u"()—6m(t',t) >max ){
1:

Aselected < A

BB ® No
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12: bselected <b

13: max « u"(t") +u" () — & (t',t)
14: Yiif

15: }Iifor each

16: Aselected < {aselected: bselected}

17: Q" « Agerectea U QT Ilreallocate to resource r
18:  }Hiif

19: elseif (3t € T,,3a € A} and a not startted )
20: Q" <« Q" u{a}
21: }Ifor each

22: m — ZTER Wl(r)/lR

23: LWR « {r|r € R,wl(r) < wl}
24: Ylwhile

work lists

1836
s [ — Ny -1 : ) i
@W(O0000 | (Highwerkioad | Low workload V| [ Highworkdoad | { Lowworkdoad | |
% &(C000 | Resources(HWR) || Resources (LwR) | Resources (HWR) neallocate| "I (owR) | |
3l s 1seeoldbe | uEseoe = acen:
e I|&@o00 |&@00 || 80080 \6 000
®(000 I AN |-
| 1
Filling [p— Classifying ~_____ qom labling e
| |

work lists

Task Allocating
by
base algorithm

gt i

i
I
|
|
I
|
|
|

perspective

Classifying worklists of
recourses in two classes
by average workload

Reallocating

Tasks
| Finding best
I Dependent Tasks

Dependent Tasks]

Reallocating

|\_For each resource in IWR

|
|
N

Suppose |R|is the number of resources and |T| is the
number of tasks defined in the process and C is the
number cases in a given period of time in the event log,
they are needed to compute AfpAj,, time complexity of
preparing and computing the set A7 pAj, for all tasks and
resources would be 0((C|T||R])?) in the worst case.
Therefore, the time complexity of the algorithm would

be 0(2|R| +"2';'(C|T||R|)2). The 2|R| term is computed
for wl and LWR values (lines 1 and 2), the (C|T||R|)?
and 2l factors are respectively to search for the

maximum similarity distance between two activities of
AfA}: (loop in line 9) for each LWR element (loop in
line 4).

The proposed method is an extension to resource
allocation algorithm and periodically rebalances the
work loads of all resources. Rebalancing requires
redispatching the work items from worklists of
resources with workload higher than the average
workload to worklists of resources with workload lower
than the average workload. To be exact, for each
resource r with workload lower than the average
workload, two work items with maximum value
u (" +u"(t)—38"(t',t) are chosen to be
redispatched. The chosen pair of work items is
executionally concurrent and would help execute faster
by allocated resources. Figure 3 depicts general
procedure of the proposed algorithm after allocating
tasks to resources by base algorithm (like workload
balancing).

4. EXPERIMENT AND DISCUSSION

To analyze the effectiveness of the proposed
method, we consider a real life log. BPI challenge 2012°
is the real life log chosen to be the benchmark dataset.

2 http://data.4tu.nl/repository/uuid:3926db30-f712-4394-aebc-
75976070e91f

Algorithm activity

Flgure 3. Graphlcal model of the proposed algorithm
The event log of a real-life process (see Figure 4) of BPI
Challenge 2012, adopted from a Dutch financial
institute, is used for simulation. Of 13078 cases, 5
activities and 55 resources are acquired from the real-
life log.

In this section, the proposed method will be
evaluated with some algorithms presented in other
researches. These algorithms are listed in Table 1. We
use 200 customer requests with different arrival rates
(between 1/15 to 1/3) for the 6 methods listed in Table
1. To ensure the resulting values, experiments are
repeated 10 times for each method and we used mean
values to depict in Figure 5.

U 46 Fixing
incoming lead

@;0-8 Calling after
‘ sentoffers

Start \,‘

0.54" “a Filling in information
for the application

/ \
— 0.2 }
% Ca\hng to o j ; Assessing the /
add missing
- ; appllcatlon
End { information

ﬂ.i\“ __—

Figure 4. BPMN' model for real-life financial process [25]

TABLE 1. List of some task allocation algorithms

Short name Description (publication year) Ref.

Dynamic Stochastic task allocation

DSWB approach for Workload Balancing as a base  [26]
allocation (2015)

NBSR Naive Bayes Selection Rule (2015) [24]
Q-learning for task allocation based on

QL+SR Social Relation (2015) [33]
Workload Balancing task allocation with

ws queueing network model (2004) [22]
Dynamic Rebalancing task allocation

WB+DR approach for Workload Balancing as a base  [25]
allocation (2006)
Workload rebalancing by reallocating

WB+WRRDT dependent tasks for Workload Balancing as

a base allocation (the proposed method)
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The results of comparison between 6 fore-mentioned on
‘financial’ process are obtained in Figures 5. It shows
the proposed algorithm by using the concurrent
execution of dependent tasks of reduced cycle time of
the process more than other state-of-the-art methods.

Figure 6 depicts minimum and maximum value of
resource workloads for each algorithms mentioned in
Table 1. If the difference between minimum and
maximum value is smaller, the dispatching of tasks
between resources is more balance. In Figure 6, the
workload balancing (WB) algorithm has best balance
dispatching of tasks. This algorithm allocate tasks base
on queueing network factors then it creates optimal
workload balancing for resources. After WB algorithm,
the WB+WRRDT, DSWD and WB+DR create better
workload balancing for resources, respectively. These
algorithms use reallocating technique at business
process runtime after allocating WB algorithm as base
algorithm.

At the runtime of the business process execution
(not during the execution of the work item), a set of the
work items in the worklist of resources are placed by
allocation algorithm. Some of these work items in the
worklist wait for the end of serving the resources. The
complementary algorithm can reallocate pending work
items from the resource worklist to another, in other
words, it moves work items between worklists at the
process instance runtime.
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Figure 5. Comparison of the cycle time results
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Figure 7. The cycle time reduction percentage rate of the
proposed method (WB+WRRDT) in contrast to the DSWB
method

This technique causes to more reduction in cycle time
but a little away from the optimal workload balancing.

Figures 5 and 6 show the proposed algorithm in both
its objectives of workload balancing and cycle time
reduction provides better results in contrast to others.

The cycle time reduction percentage rate of the
proposed method (WB+WRRDT) in contrast to the
DSWB method for different arrival rates (between 1/15
to 1/3) are shown in Figure 7. The maximum reduction
with value 9.52% is happened in arrival rate of 1/4.5
and the minimum reduction with value 2.22% is
happened in arrival rate of 1/12. The average cycle time
reduction of the proposed algorithm in contrast to the
DSWB algorithm is 4.42%. The linear trend of
reduction increases by increasing arrival rate. When the
arrival rate increases, then the number of work items in
work list of resources and the probability of dependent
tasks reallocating is increased. In addition, the more
reduction in cycle time is occurred.

5. CONCLUSION

In this paper, workload balancing and business process
cycle time reduction are the two main objectives. By
analyzing the real-life dataset of BPI, Challenge 2012
showed that there is a dependency in concurrent
execution of tasks which causes that their concurrent
execution have less time to separate execution of them.
Therefore, we used this property which was implied in
the event log and introduced an algorithm to use the
property in allocation of tasks to resources and
dependent tasks to be used in work list of resources.
Therefore, the flowtime of case in business process
reduces in addition to balancing the workload of
resources. The proposed method was compared with
other algorithms and the expected results were obtained.
The proposed algorithm has a considerable
advantage compared to the other algorithms. First, it
does not create adverse effects in workload balancing of
resources. The second advantage is more consistent to
increase customer arrival rate, because the probability of
synchronizing the dependent tasks increases by
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increasing the customer arrival rate. Third, the proposed
algorithm reduces the cycle time of process 4.42% more
than the other algorithms. Finally, there is the possibility
of combining it with other algorithms in researches.
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