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Abstract— Load balancing is a performance improvement aid
in various applications of distributed systems. In this paper
we propose a preference based load balancing strategy as a
scheduling aid in an outpatient clinic of an online medical
consultation system. The performance objectives are to maxi-
mizing throughout and minimizing waiting time. Patients will
provide a standard set of preferences prior to scheduling an
appointment. The preferences are rated on to a scale and each
service request will have a respective preference score. The
available doctors will also be classified into classes based on
their clinical expertise and the nature of the past diagnosis
and the types of patients consulted. The preference scores will
then be mapped on to each class and the appointment will
be scheduled. The proposed scheme was modeled as a queuing
system in Matlab. Matlab SimEvents library modules were used
for constructing the model. Performance was analysed based on
the average waiting time and utilization. The results revealed
that the preference based load balancing scheme markedly
reduce the waiting time and significantly improve the utilization
under different load conditions.

I. INTRODUCTION

Appointment scheduling in a healthcare system balances
the demand from patients with the service provider avail-
ability. As identified in [1], main factors that affect the
performance of appointment scheduling are

• patient and provider preferences
• patient arrival variabilities
• service time variability depending on the severity of the

health condition
• availability of information technology resources and
• the level of experience of scheduling staff

Patient arrival varaibilites include punctuality, no-shows,
cancellations [2][3]. Cancellation of an appointment is when
a patient not-arriving for a scheduled appointment with prior
notification. No-show is when a patient does not arrive for
a scheduled appointment without any prior notification. As
revealed in [4], failed-appointments of 12% to 42% have
created serious inefficiencies. Figure 1 shows the scheduling
problem with waiting time, idle time and the effect of failed
appointments at a single service service provider.

For an outpatient clinic the common preference is the
date and time of an appointment. As the service facilitat-
ing resources are limited and it is often the case where
emergency medical cases need to be given priority. So it

Fig. 1 Appointment Scheduler at a Single Service Provider

is not easy to apply preference driven resource reservation
models such as those used in the airlines [1]. Potential benefit
of patient centric preference driven appointment scheduling
can maximize the quality of service delivery [5]. From the
patients point of view, they can get the necessary medical
attention from the most comfortable service environment.
From the medical practitioners point of view the best possible
service can be delivered efficiently using their knowledge
and expertise from past experiences in handling similar
cases. These potential incentives thus intrigues to find out
alternative approaches for incorporating preference driven
appointment scheduling.

To achieve a outpatient consultation system high service
satisfaction with high resource utilization we forsee that
an online consultation system has the required ability. Yet
it needs to be supplemented with a mechanism that can
guide the scheduling mechanism to allocate appropriate
resources to service requests without compromising the set
performance objectives. Load balancing is a well known
performance improvement strategy [6]. This concept can em-
power an online consultation system to efficiently distribute
the preference specific appointments to appropriate resources
(i.e. medical consultation doctors).

The main contributions of this paper are,

• to propose a preference based load balancing scheme
for scheduling outpatient appointments and

• to improve the service performance based on waiting
time and throughput by applying the preference based
load balancing strategy.
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II. RELATED WORK

A. Outpatient Department Model

Patients can be of two classes; those who arrive for
the first time and have visited before. These patients may
have a prescheduled appointment or walk-ins (i.e. without a
prescheduled appointment). Based on the study [7], general
patient flow in an outpatient department can be modeled as
follows. All the patients have to undergo an initial service
selection phase where the authentication of the patient,
confirmation of the required service and initial screening
is performed. For a first-time or new patient an initial
registration is mandate at his stage. Lab tests are performed
for the patients with appointments at scheduled appointment
times. The patient flow for those who are with appointments
for general consultations and walk-ins are shown in Figure 2.
The service facilitation is priority based where the walk-ins
are given lower priority than the scheduled patients.

Fig. 2 Patient Flow - Patients with Appointments and Walk-Ins

In an outpatient clinic, future appointments are made to a
general practitioner who will be available at a specific date
and time. The personal preferences or the medical condition
related information (e.g. symptoms) are not necessarily eval-
uated with the physicians previous experience in handling
such medical conditions. Based on this discussion it reveals
that there is no explicit preference based selective criteria for
scheduling appointments.

B. Applicability of Load Balancing as a Performance Im-
provement Measure

The concept of load balancing can be effectively applied
for appointment scheduling in an online medical consultation
system. Consider the scenario where the medical centers are
modelled to operate as a peer-to-peer network. The available
resources are the doctors and the patients are considered as
incoming traffic requesting services from these resources.
Load balancing can thus be utilized to assign the incoming
service requests to avoid any under-utilized or over-booked
resources. When the patients provide a preference based
service request the resources that matches the preference

criterion can thus be allocated. On the other hand when there
are walk-in patients this scenario is further complicated. The
walk in patients do not have prior appointments but have to
be served as first-come-first-serve basis. Load balancing can
be utilized even in this scenario to assist in finding the most
likely available doctor for service without overprovisioning
appointments. When there are idle slots due to no-shows
these can be filled up efficiently in an online consultation sys-
tem ensuring workload balance between available resources.
Therefore it is seemingly a viable effective solution to make
use of a load balancing strategy for appointment scheduling
in an outpatient clinic.

C. Motivation

Generally an outpatient clinics use block based fixed
schedule appointment system and generally the schedule
is fixed with minimum reservations for walk-ins or excep-
tionally fills in to the cancelled or no-show slots [3]. The
common preference attributes that are considered are the
date and time [8]. Often the patients personal and medical
history related information are not accounted in scheduling
an appointment. However such information can help to find
the most appropriate doctor for consultation by mapping
the prefernce criterion on to his/her proven expertise and
experience in handling similar cases in the past. Further more
patient centric preference driven appointment scheduling can
maximize the quality of service delivery [5]. Based on the
above discussion, a preference driven appointment schedul-
ing strategy can be a significant service quality improvement
factor.

III. PREFERENCE BASED LOAD BALANCING MODEL

In [9] it is assumed that patients have pre-notion of a set of
preferred appointment slots. The clinic then decides whether
to offer the patient an appointment in the set or to reject
the patient. However these policies do not smooth out the
daily load of the clinic. We propose a preference based load
balancing scheme for appointment scheduling (Figure 3).

The proposed scheme has two main operational phases:
1)service based patient classification and priority assignment
and 2) load balanced appointment scheduling. The prefer-
ences are identified by asking a number of questions from
the patient. We assume the patients are punctual so that
the effect of tardiness is neglegible. A patient can explicitly
state a set of preferences in terms of answers to a standard
set of questions with single or multiple possible answers.
Patients can have medical condition related and personal
preferences. An example of personal preferences would be a
female patient preferring to see a female medical practitioner.
Preferences based on medical condition would be straight
forward. For an example a skin ulcer or a rash would be best
to treated by a dermatologist. Based on the given preferences
a score will be calculated which will be used to identify
the appropriate service class. The clinical appointment would
then be scheduled to a medical practitioner, who is assigned
to the appropriate service class, with the queue that is least
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likely to overload. This will improve the quality of service
delivery as well as the service satisfaction.

Fig. 3 Preference Based Load Balancing Approach for Appoint-
ment Scheduling

We define a patient to enter personal preferences PFp
and medical condition based preferences PFmc. Assume that
prospective patients arrive according to a Poisson process
with rate λ and have a service time (s). Each service class
l has a service time distribution Al(s). As given in [10][11],
the average waiting time for the kth service class is given by,

Wl,k =
1
2 λ

∫
∞

0 s2dA(s)

(1−∑
k−1
1 ρl)(1−∑

k
1 ρl)

(1)

where ρl =
λl
µl

is the utilization. The service facilitation is
assumed to be non-preemptive. In general, most of the out
patient departments and out patient medical clinics do not
have a large number of doctors. Thus if there are too many
preference classes the patient would then be imposed with
strict selection barriers. More questions will have to be asked
as more fine grain information on preferences is required. To
avoid such restrictions it is best to keep a small number of
preference classes. Consider C = 2 classification policy for
C1 and C2. Suppose C1 is given priority over C2 then the
average waiting times of each class are,

W1 =
1
2 λ

∫
∞

0 s2dA1(s)
(1−ρ1)

(2)

W2 =
1
2 λ

∫
∞

0 s2dA2(s)
(1−ρ1)(1−ρ)

(3)

We define the preference metric of a prospective patient i
as δi =B(PFp,PFmc)i. A patient is allocated to class C1 if the
threshold level T h1 is exceeded i.e. δi ≥ T h1. Or classified
to class C2 if the threshold level T h2 is not exceeded i.e.
δi ≤ T h2. If the preference metric is T h2 < δ < T h1, then the
patient is scheduled to a medical practitioner with the lowest
number of queued appointments (or least loaded queue)
at that time by avoiding any over-loaded conditions and
congestion. Simple round robin method is selected for load
balancing as it is simple to implements and provides better
performance than other popular index-based methods (e.g.
hashing) [12].

Load of a single queue at time t is defined as the number
of occupied slots. In an outpatient clinic a service queue
of a single medical practitioner would be the number of
appointments waiting to be served. The waiting time for the
ith patient will depend on the previous delays in serving the
(i−1),(i−2), ...,2,1 patients as well as the other additional
delays (e.g. delays in printing or faxing test reports or pre-
scriptions). When the patients are allocated onto a preference
score matched class, the scheduled practitioner will get those
patients he can treat using his expertise. Thus it is more
productive and avoids prolonged service times or time doing
additional tests which might not even be useful for the final
diagnosis.

IV. SIMULATION RESULTS AND DISCUSSION

A. Performance Analysis with Preference Based Load Bal-
ancing

Consider the scenario when there are two preference
classes. We assume the simulation model to have no misclas-
sification errors and that the number of patients with complex
medical conditions arrive less frequently than those with non-
complex medical conditions. So the number of patients in
class 02 will be more than in class 01. For patients of pref-
erence class 01 medical condition based preferences are more
complex thus require longer service time in comparison to
those in preference class 02. We modelled this scenario using
the MATLAB SimEvent modules. The schematic diagram of
the model is shown in Figure 4.

Fig. 4 Matlab Queueing Model Schematic

The results reveal that despite the small number of patients
in class 01, the average system time is longer for class 01
than for the class 02 (Table I). Thus medical preference
based patient classification will clearly improve the timely
service facilitation for patients with more complex medical
conditions. Under heavy-load conditions the service time
increases for both classes.

TABLE I Service Time and Waiting Time Variation

Preference Class Class 01 Class 02
Number of Patients (low-load) 10 100

Average Service Time (seconds) 6 3.5
Number of Patients (high-load) 50 1000
Average Service Time (seconds) 8 11
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Utilization for class 01 (Figure 6a.) is lesser in comparison
to that of class 02 (Figure 5a.). This is mainly because the
lesser number of class 01 patients. Therefore it clear that
preference based classification can significantly improve the
service satisfaction for patients. And it can be recommended
that it is not necessary to allocate more medical practitioners
to class 01 since the complex medical cases are less frequent.

(a) (b)

Fig. 5 Average Utilization Comparison- Class 01

(a) (b)

Fig. 6 Average Utilization Comparison- Class 02

When the system is heavily loaded waiting time exceeds
the average expected service time. Such long waiting times
can be reduced by rescheduling patients assigned for each
preference class if the waiting time exceeds a threshold. We
model this scenario in Matlab by rescheduling the timed-
out entities with higher priority. We used the modified the
model 4 to simulate the threshold detected load balanced
rescheduling scenario. The results reveal that the utilization
markedly improves for class 01 (Figure 6a. and Figure 6a.)
when there is a redirection of timed-out entities with higher
priority and the utilization remains at 100% over 90% of the
time for class 02 (Figure 6b.).

V. CONCLUSION

In conclusion, based on the simulation of two preference
classes the preference based service load balancing proves to
be an efficient appointment scheduling aid by improving the
utilization and reduces the average waiting time for patients
when there is no classification errors and when patients with
complex medical conditions are less frequent. The utilization
can further be improved when threshold based rescheduling
is incorporated. Since the patient is directing the clinic how
to effectively schedule the most appropriate appointment
there is greater service satisfaction for the patient. On the
other hand since the medical practitioner gets patients to suite
his expertise quality service rendering can be guaranteed.
Thus, using this method can balance between the patients

preferences, quality of service and service availability. There-
fore we find the proposed scheduling strategy would be of
great practical use for outpatient clinics in improving the
quality of service facilitation.

VI. FUTURE WORK

We hope to extend this research focus by validating the
proposed preference based classification for appointment
scheduling in an outpatient clinic by using empirical data. We
foresee that an empirical data based validation is necessary
to fortify the proposed strategy to be of more practical
significance.
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