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Waiting Queue 
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Abstract: By the advancement of technology, most healthcare queue management systems assign a turn number to the patients online. In traditional 
healthcare queue management systems, all patients are considered to be in the same priority, and only the amount of doctors and patients' wasted time 
is optimized. While the lives of humans are more important than time. Therefore, in the proposed method in this study, the most important issue that is 
considered is to give priority to patients who are already in worse conditions. At the same time, it has been tried to minimize the waiting time for doctors 
and patients. The proposed system prioritizes patients to receive their services according to their health and vital status, and then optimizes the visit 
scheduling of patients using the genetic algorithm. The results implemented in Visual Studio and SQL Server software show the effectiveness of the 
proposed mechanism in scheduling and prioritizing. 
 
Index Terms: Genetics, Optimization, Patients, Prioritizing, Scheduling.  

———————————————————— 

 

1 INTRODUCTION 

AT the present time, many of healthcare information systems 
are being developed and they include several modules, each 
of which is devised into separate units at therapeutic centers. 
Many healthcare information systems have been designed 
and implemented in recent years. With regard to the efforts in 
providing a complete and flawless system, and to eliminate the 
problems of healthcare systems in therapeutic centers, these 
systems still do not meet all the needs of users and patients' 
satisfaction. One of the most important and challenging issues 
in the discussions on health information systems is scheduling 
patient's turns in different departments of therapeutic centers. 
Time scheduling and assigning turn to the patients can be 
considered as an important issue in healthcare systems. One 
of the most important and challenging issues in therapeutic 
centers is the high number of attendees and help them take 
turns. In some cases, the person goes to the health center 
from a far distance and cannot take a turn to visit the related 
physician. Therefore, this will be a source of dissatisfaction 
among many attendees and will put pressure on staff as well. 
Today, by the advancement of technology, many people are 
more interested in doing things through the Internet and 
phones. Most of the healthcare queue management systems 
in hospitals are giving turn to the patients online. Although 
these online queue management systems can draw the 
satisfaction of patients who cannot take turn in person, they 
still could not satisfy the majority of patients.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These days, giving turn in a therapeutic center has been 
highly put under consideration of software developers in most 
parts of the world, and the reason for this is quite clear [2]. 
Without the use of day-to-day information technology and 
technologies in this chapter, patients may spend a lot of time 
on receiving the desired services due to poor organization of 
health centers. The shortage of hospital resources, including 
manpower, supplies and equipment, has put restriction on the 
way of the patients not to be able to receive care services. 
Therefore, the best solution to increase efficiency is to use the 
resources correctly and reasonably. Doing this request will be 
impossible except through proper management and rational 
assessment [3]. Since waiting time is one of the effective 
factors of patient satisfaction from the quality of services 
offered, it is important to provide a distinct queue management 
system to the patient and the rest of the population. In fact, 
waiting time represents the criterion of access to therapeutic 
center services and is measurable as one of the indicators of 
hospital performance and is often the main reason for patients’ 
dissatisfaction with the services provided at health centers. On 
the other hand, assessment of the patient satisfaction level is 
an appropriate criterion for assessing the method of treatment, 
its quality as well as the relationship between doctor and 
patient. If the patient is not happy with the turn-giving process 
at a therapeutic center, this discontent will result in leaving the 
referral to the treatment center. Many researchers believe that 
patient satisfaction with the services provided by healthcare 
institutions is one of the most important tools for evaluating a 
system of treatment that has been used to ensure their quality 
[4]. By focusing on identified effective factors including waiting 
time for patients, reviewing all existing processes in health 
centers, enhancing and developing beneficial processes, 
benefiting from the planning and using appropriate quality 
techniques, can help to reduce the waiting time of patients. 
Providing a robust system based on an optimal algorithm can 
greatly enhance the quality of services provided at a health 
center. The purpose of this study is to improve the turn-giving 
module in hospital information systems. In this research, we 
try to provide an optimal scheduling algorithm to improve the 
problems discussed above and enhance part of this module. 
This algorithm allocates different scheduling to different patient 
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according to different indexes. By considering the type of turn 
and recognizing their types and royalties for each referral, we 
can determine the status of the patients and provide a timely 
schedule for patients in the treatment center. In addition, we 
examine cases or problems that disturb the situation and 
proper turn-giving to the patient. It is also important to take into 
account the various turn-giving indexes, including the type of 
referral to the treatment center, the types of turns, the types of 
patient status, the receipt of para-clinical services, and the 
consultation service with the other physician and so on. 
According to the abovementioned cases, the patient's turn is 
indicated in different parts of the treatment center and 
ultimately, the patient's waiting time will also be significantly 
affected, and the patient's satisfaction from the received 
services will also have the consent of the physician and the 
personnel of therapeutic center. This function is also effective 
in obtaining more services and privileges for the treatment 
center. This article is organized as follows: Section 2 examines 
the research and works done in relation to scheduling and 
prioritizing the turn of patients in health centers. In section 
three, the question of research is described and the existing 
shortcomings in previous research, which led to the 
presentation of the model of this study, are reviewed. The 
basic model used in modelling the waiting queue of patients is 
shown in this section, and then the changes and criteria for the 
study have been added to it. After presenting the model, one 
of the meta-heuristic algorithms which is called genetic 
algorithm was used to optimize the patient's visit order and the 
proposed model's resolution. The genetic algorithm is 
introduced in this section and its process and implementation 
stages are described. In Section 4, firstly, by the help of 
analyzing data, general information about data set and type of 
data has been obtained. Then the stages of implementation 
and execution of the model were described in the environment 
of Visual Studio and SQL Server software. Then, the way of 
implementing the genetic algorithm for optimizing the queuing 
of patients is described. In section five, titled Summary and 
Suggestions, we will have an overall review on the research 
as well as we will provide suggestions for future work.  

 

2 RELATED WORKS 

In this part of the research, several articles and researches on 
the scheduling of patients' turns in health centers have been 
reviewed. Some of these articles have discussed the factors 
that make patients wait more at the center of treatment. 
Others have come up with a solution to this problem and have 
executed it in simulation software. In some systems, queue 
management modules including eHospital[5], eClinic[6], and 
eClinical[7] Work are also designed. We will review some of 
these studies. According to the studies and research 
conducted in this paper [8], we studied the question of 
classical appointment schedules, which most experts 
encounter in the processes or health care. In such an 
environment, an appointment refers to a period that 
determines the moment at which a customer or patient enters 
on time. Next, the customer receives a service from the 
service provider. Ideally, the scheduling is in such a way that 
the patient has no waiting time and the doctor does not have 
time for idleness. Unfortunately, this state will never be 
realized, because some factors such as the treatment time for 
each patient are not constant and is a random variable. Author 
is trying to find the best appointment schedule to minimize 
waiting and idleness times for all patients. Many appointment 

scheduling issues exist in a health care environment, such as 
the scheduling of patients with MRI and CT. MRI and CT 
scanners are expensive devices, and so it is very important to 
minimize the time of idleness of these devices in order to 
maximize their services. So a tight schedule was considered 
for these scanners. But in the event of happening 
complications during scans, a very tight scheduling increases 
the waiting time for patients. Another common practice is to 
schedule the use of operation chambers in a hospital or clinic. 
There are only a few special rooms in which various surgeries 
should be scheduled. Therefore, the use of each room should 
be maximized, that is, the time of idleness at the expense of 
the patient's time (waiting) is minimized. There are two waiting 
times for customers and an idle time for the server. The 
customer waiting times and the idleness time of resources are 
also random variables, because they are dependent on the 
time of the services of the previously scheduled patients. The 
goal was to minimize the sum of waiting times and idleness 
times in all possible timelines. A simple approach is to 
schedule all patients which are patient on an average basis 
based on the patient service time. However, a session could 
be longer than expected service time. When this happens, all 
patients in waiting queue have positive waiting times [8]. In 
another study [9], the sonography section of an M / M / 1 
super-specialized clinic was designed to evaluate patients' 
service delivery and optimal facilities, which was modeled on 
the basis of M / M / 2 queue system and then, the 
performance criteria of queuing system such as waiting time of 
patient in the queue, calculation of queue length, the duration 
of service-giving, and other factors are calculated using 
simulation. The results show that increased service in this 
case study leads to significant improvement in queuing system 
[9]. Another thesis [10] states that one area in which patients 
are often dissatisfied is about the time they are waiting for their 
examination by a doctor. This study first analyses the 
outpatient clinic to investigate the causes of waiting time and 
its ranking, which provides weekly sessions based on which 
the highest waiting times can be found. In this dissertation, by 
using appointment rules, which were optimized by using 
simulations and local search methods, new schedules for 
clinic are being significantly developed focusing on reducing 
the patient's waiting times. A system continuously optimizes 
the proven and tested future clinical schedules. Optimization 
of future schedules is only limited to using historical data and 
scheduling tests with real-time observed events for the 
optimization session- which these shown schedules are well 
done with some rooms for improvement. Starting with a delay, 
a high variance in the duration of the appointment and a 
transitory arrival are among the main factors that cause long-
term waiting. This scheduling has been improved (using the 
performance criteria described in the dissertation) using 
controlled learning optimization algorithms and scheduling. 
Starting with delay was analyzed and it was proved that simple 
linear regression is a model used to predict surgeon's arrival. 
During the optimization, a fitted distribution for the surgeon's 
arrival time is required to find the sampling time with the least 
cost for scheduling. Observing the results of sessions that do 
not start late and patients who wait less to start the session. 
The high variance in the duration of the appointment and the 
lack of strong attributes make it very difficult to predict, but 
predictions were better than the hospital's twenty-minute block 
and better than the average consumption of time period. The 
final evaluation of optimized scheduling with multi-objective 
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optimization is largely understated compared to single-
objective optimization, however, idleness time remains, 
however, the cost of idleness can be further reduced to a large 
future change [10]. In another study [11], which is also 
considered as the main article of this research, factors such as 
fluctuations in customer demand and service time, such as 
waiting time for patients, time of using no resources, and cost / 
overall benefits affect the performance of appointment 
scheduling systems. The study implements four scheduling 
policies, namely, permanent entry, multiple patient entry, three-
segment pattern entry, and irregular entry in the ultrasound 
section of a hospital in Taiwan. By four-side simulation of 
optimization procedures for implementation of policies, optimal 
or near optimal solutions can be obtained for each patient 
during the arrival, time of arrival of patients and the number of 
slots for incoming patients. In addition, the three functions 
(function) of the tested target and the results are discussed. 
Management concepts and discussions are summarized to 
illustrate how results can be beneficial to hospital managers 
who are helpful in allocating their health care capacities [11]. 
 

3 PROPOSED METHOD 

Then, the basic model used in queuing of patients is shown, 
and then the changes and criteria of the research were added 
to it. After presenting the model, a method is presented to 
optimize the order of patients' visits. Since the optimization of 
the proposed model involves the examination of all possible 
permutations, the equation is in the form of np [12]; therefore, 
one of the meta- innovative algorithms called genetic algorithm 
has been used. In the paper [11], the following relation has 
been used to optimize the patient's queue management 
system: 

 

min      𝐸,*𝑆 − ∑ 𝜉 + + ∑𝑊 -

 

   

   

   

 

(1) 

 
In Relation (1), the average waiting time for patients and the 
waiting time for physicians is minimal, in which SN indicates 
when the patient N is going to doctor, ξi is the time when the 
patient i has been before the doctor and Wi was the waiting 
time for the patient i.  This relation can be considered as 
follows:  
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(2) 

In Relation (2), the waiting time for doctors is minimized and 
one stipulation is considered which in the case of the minimum 
waiting time for physicians we should expect patients to wait at 
a normal rate (without optimizing the waiting time for doctors). 
 

 
3.1 Prioritization of patients 
In the method presented in [11], all patients are considered 
with the same priority, and only the amount of time lost for 
doctors and patients is optimized. It is in a case that the lives 

of humans are more important than time. Therefore, in the 
proposed method in this research, the most important issue 
that has been taken into account is the patient's life, i.e. to 
prioritize patients who are more severely affected. At the same 
time, it has been tried to minimize waiting times for doctors 
and patients. To do so, patients are prioritized in two steps: 
First, patients are divided into four groups according to the 
type of emergency (emergency, urgent, referral or normal). 
The priority of patients in each category is different from the 
other categories. In such a way that ―emergency‖ patients 
have the first and the highest priority. After them, the ―urgent‖ 
patients are the second priority, the ―referral‖ patients are in 
the third priority and the ―normal‖ patients are in the least 
priority. In the second stage, patients are prioritized according 
to the type of service they require and the time it needs (for 
example, the time needed to drip in the eye, or the time 
needed for the laser and etc.). If there was no time required for 
any of the services in the database, the estimated time period 
is estimated based on the number of patients who have 
already visited for that service. The less time a patient needs, 
the higher priority that patient will be allocated. It is noteworthy 
that even if patient prioritization is involved in the problem, the 
problem does not change much. Here, the problem is solved 
using Relation (1) and optimization. With the difference that 
the patient's priority is higher, the time and expectation of the 
patient in the queue are costlier and more dangerous. To 
implement this mode, we have done as the following: 

• For each minute of waiting by ―normal‖ patients, a 
time unit is added to the total waiting time of the 
patients. 

• For each minute of waiting by ―referral‖ patients, two 
units of time are added to the total waiting time of the 
patients. 

• For each minute of waiting by ―urgent‖ patients, five 
units of time are added to the total waiting time of the 
patients. 

• For each minute of waiting by ―emergency‖ patients, 
100 units of time are added to the total waiting time of 
the patients. 

In this way, emergency patients, urgent patients, referrals and 
normal patients should be visited in order to minimize waiting 
time for patients as per Relation 1. The cost of each patient is 
considered and determined according to a physician's opinion 
who works in the hospital. If necessary, this fee can be 
considered for each category less or more than the prescribed 
amount. Or, if necessary, you can use the opinions of several 
expert people and can also use their common ideas with 
common approaches. The general trend of the proposed 
method, which is called once every new patient arrives, is 
shown in Fig. 1. In the provided flowchart to determine the 
patient's priority, the waiting time coefficient of each patient is 
determined by u. 
 
3.2 Optimization of waiting time 
All possible permutations must be checked to find the optimal 
state of the patient's visit order. As it is clear, this is an np 
problem. Therefore, evolutionary methods can be used to 
solve it. In this research, a genetic algorithm was used to find 
the best patient visit order, which is presented Fig.1.  
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Fig. 1. General priority trend 
 

3.3 Use of the Genetic Algorithm to solve the problem 
One of the most important evolutionary algorithms is the 
genetic algorithm that is very useful for solving optimization 
problems. This algorithm is inspired by the natural fertility of 
humans and the phenomenon of inheritance in different 
generations. In this way that several generations of responses 
are used in the problem-solving process and the 
characteristics of the best responses in each generation are 
transmitted to the next generation [13]. In Fig. 2, the general 
trend of the genetic algorithm is shown in a flowchart. In the 
present question, several doctors respond simultaneously to 
patients, so several queues are formed simultaneously. 
Whenever a patient enters the system, if the patient urge to 
refer to a specific doctor remains in the same queue and 
otherwise he/she will be added to a queue whose average 
waiting time for patients is minimal. This patient should not 
necessarily go to the end of the queue, as he/she may have a 
high priority. Therefore, each time a patient is assigned a turn 
in queue, we use the genetic algorithm to provide a 
permutation of the patients in that queue in such a way that 
the average waiting time for it is minimized. 

 
Fig 2. Genetic Algorithm Flowchart 

 

4 IMPLEMENTATION AND EVALUATION 

In this section, implementation and execution of the stages are 
described in the Visual Studio and SQL Server software 
environment and it will be described how the implementation 
of the genetic algorithm optimize the patient's queuing. To 
implement this system, information about 60 actual patients is 
used. This information is in a table with 12 columns. The 
relevant information is stored in SQL Server 2014 software. 
The columns in this table are   1. Name of the patient,2. 
Surname of the patient, 3. Referral type (follow up, referral, 
post op, first referral, counseling), 4. Type of turn (Normal, 
Referral, urgent, Emergency), 5. The cause of the visit, 6. Age, 
7. Time of receiving services, 8. Nationality, 9. Physician 
recommendation, 10. The type of next turn (Normal, Referral, 
urgent, Emergency), 11. Place of receipt of services and 12. 
The name of the doctor (A, B, C, All). Implementation of the 
project has been carried out using the C#.Net programming 
language in the Visual Studio 2015 environment. At the time of 
program running, data is read from the corresponding 
database. The time to receive new patient services should be 
specified and inserted when adding it to the table. This time is 
automatically the average of the total time of receiving the 
service of all patients who have already requested a turn and 
their profile has been recorded. Also, if the patient's doctor is 
from among the three doctors A, B, and C, it is known that the 
patient in question is in line with his doctor, but if the patient 
does not consider the particular doctor, the ―All‖ option will 
automatically put a person in one of the queues for doctors. 
The method of work is in such a way that the cumulative 
average of the waiting time of all queue is determined and for 
each queue with the lowest waiting time, the corresponding 
patient will be in that queue. The method of calculating the 
cumulative average is specified in each queue as follow:  
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Prev= List.Rows[0]; 
List.Rows[0]=0; 
Sum=0; 
For (i = 1; i <= List.Count - 1; i++) 
{ 
T = Prev+ List.Rows[i – 1]; 
Prev = List.Rows[i]; 
List.Rows[i]=T; 
Sum = Sum + List.Rows[i]; 
            } 
ave = Sum / List.Rows.Count; 

 

The pseudocode of the determination of the intended doctor is 
displayed after calculating the cumulative average as follow: 
 

[Index, X]=Min(aveA, aveB, aveC); 
if (index == 0) 
{ 
res = "A"; 
}else if(index == 1) 
{ 
res = "B"; 
}else if(index == 2) 
{ 
res = "C"; 
} 

 
In the pseudocode, the values of aveA, aveB and aveC are 
the cumulative mean of queues. The amount of index is the 
index of the minimum element among these three values. After 
determining the minimum and its index, the intended patient is 
in the corresponding queue. During queuing operations, the 
genetic algorithm and the proposed model begin to find the 
best order to minimize cumulative time. The parameters of the 
genetic algorithm in this implementation are in accordance 
with Table 1. 

Table 1. Parameters and values 
 

Value Parameter 
10 The number of generations 
7% The rate of mutation  
75% Rate of discontinuation of each  chromosome 
60 Primary population size 

 
In this system, for each physician, an optimization process is 
performed by genetics and the length of each chromosome is 
as much as the number of patients present to the intended 
physician. 

 

 
 

Fig. 3.  Example of a Chromosome 

 
In this model, as shown in Fig. 3, each chromosome only 
contains patients' identities and we can access to patients and 
their information in the database according to this identity. 
According to the order of identification of patients in each 
chromosome, the cumulative waiting time is calculated by the 
optimal function. According to the mutation operators and the 
disconnection of the two good chromosomes, new more 
optimally chromosomes are produced and they are placed in 
the population. To calculate each chromosome, genes are 
read from the beginning, and the amount of time they receive 
the services is extracted from the table. Each gene should wait 
as much as the amount of received services by previous 

genes to gain the turn. For this case, look at Fig. 4. 
 

 
 

Fig. 4. How to Calculate Cumulative Time for Each Gene 
 
Also, one of the parameters used in this system is the matrix 
of receiving service time. The matrix of receiving service time 
is a square matrix whose numbers in each row are equal to 
the amount of time the patient receives the service. 
 

 
 

(3) 
 
 

 

In Relation 3, each row of the matrix indicates the amount of 
time that the patient receives the services. This matrix is 
generated from the patient profile table. For example, the 
second patient in the system registered on the system 
requires a time of b minutes to receive the service. Any patient 
that comes after a second patient in the queue, needs to delay 
for b min to receive the services. Similarly, in the form of chain, 
every person in this queue needs to wait for the amount of 
time to receive its front-end services. Therefore, displacement 
in the front end of a queue is not decisive for the final queue, 
but it is important to determine the cumulative waiting time and 
each shift will change the waiting time of the entire queue. The 
original diameter of the 3-point matrix is also zero since the 
presence of a patient will not be repeated in the queue twice, 
and all patients have the right to attend only one time. 
According to Relation 4, after calculating and aggregating the 
desired times, it is enough to divide their sum by their number 
to obtain the corresponding mean. The only factor in the 
search is the search for the optimality function answers, which 
should be chosen as the best value. 
 
𝐵𝑒𝑠𝑡 𝑉𝑎𝑙𝑢

= 𝑀𝑎𝑥(𝐹𝑖𝑡𝑛𝑒𝑠𝑠,1-، 𝐹𝑖𝑡𝑛𝑒𝑠𝑠,2-، … ، 𝐹𝑖𝑡𝑛𝑒𝑠𝑠,𝑛-) 
 

 (4) 

After determining the most optimal value among the 
corresponding values, the chromosomes most optimally 
known as the best chromosome, and the queue for patients is 
arranged in the order of the individuals classified by the 
chromosome. After executing the algorithm on every three 
queues, the optimality function will be shown in Fig. 5. The 
optimality function here examines each of the chromosomes in 
all queue and in all generations. Each chromosome that has a 
more optimal value is selected as the best type of queuing that 
has the lowest cumulative waiting time. 
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Fig. 5. Optimality function fluctuations 

 
In the final form of this system, three queues will be created, in 
which the name and surname and the amount of waiting time 
for each person will be calculated based on the time of the 
service received by the front members of the individual. The 
average waiting time for each queue as well as the average 
waiting time for the entire queue are computed. By 
implementing the genetic algorithm in all three queues of 
patients, these patients are categorized in these queues. The 
average waiting time for the first queue is 63 minutes, for the 
second queue 74 minutes, and for the third queue is 48 
minutes. The total average of waiting time for all three queues 
is 61 minutes. By implementing of these systems in several 
times, there may be a slight difference in the final answer. But 
the answer to the solution will always be in the direction of 
optimization. The change in parameters such as the 
percentage of mutation and discontinuation, the number of 
generations and the change in the primary population will 
change the final answer. Setting these parameters is very 
important and has a great impact on the performance of the 
algorithm. Therefore, in this study, the parameters are carefully 
adjusted. 

 
Fig. 6. Optimal queuing view 

 

5 CONCLUSION 

Many health information systems have been designed and 
implemented in recent years. Despite the efforts made to 
provide a complete and flawless system, these systems still do 
not meet all the needs of users and patients’ satisfaction. One 
of the most important and challenging issues in discussing 
health information systems is the scheduling and planning of 
patient visits in different departments of health centers. In this 
research, the waiting queue of patients is modeled and then 
the changes and criteria of the research, including the critical 
priority of patients for receiving emergency services have been 
added to it. In order to optimize the order of patients' visits with 

all possible permutations, the problem is of the np form; then a 
genetic algorithm is used to optimize the patient's turning 
system. 
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