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Abstract. In the hospital clinic sub-time appointment mode, the patient will lead to a great waste of 
outpatient resources. In this paper, a multi-time multi-patient appointment strategy model is 
constructed in the case of patient's contract. The heuristic algorithm is used to obtain the effect of 
parameters such as patient's rejection rate and patient weight on optimal scheduling. We proposes an 
outpatient appointment strategy based on the overbooking model, which provides an appointment 
schedule for the hospital appointment schedule. 

1. Introduction  

There is a serious imbalance in China's medical resources supply and demand, making more and 
more patients went into the large public hospitals with high quality medical resourse to seek better 
medical services. 

The appointment of treatment mechanisms avoid the large number of patients concentrated arrive 
at the same time, shorten the waiting time for patients to reduce the hospital congestion. For the no 
show behaviors, both domestic and foreign scholars have carried out research, using the overbook 
strategy is to reduce the positive behavior of the mainstream way [1]. In the study of the overbooking 
model, the study of patient characteristic variables is considered less. 

Cayiri and Veral[2] have reviewed 80 papers about reservations, such as the description of 
outpatient appointment, evaluation of outpatient appointment system, classification and research 
methods. Gupta [3] discusses the opportunities and challenges in the application of reservation of 
resources in the hospital outpatient surgery. 

Considering the patient absence under the premise of outpatient appointment optimization model 
has some outstanding research achievements. Sch TZ and Kolisch[5] in patients under the condition 
of considering the no shows, MDP model is used to optimize the hierarchical patient appointments, 
and through the method of approximate dynamic programming to solve the model, given a treatment 
cycle under the capacity allocation strategy. Based on Feldman [7] in consideration of patient 
preferences, cancel and miss, study how to make an appointment with more flexibility, improve 
patient satisfaction. The goal is to make the most daily gains. Muthuraman and Lawley[8] by means 
of the overflow rate, assuming that the doctor Business Hours follows an exponential distribution, a 
stochastic model considering the waiting time of patients, doctors and patients work overtime 
earnings, and numerical examples and sensitivity analysis, but the solution to the local optimal 
solution. BoZeng and other [9], analyze the model properties more deeply, and obtain the global 
optimal solution by analyzing the local optima. Chakraborty [10] is based on [8], assuming that the 
doctor Business Hours obey the general distribution, the overbooking model with Miss, and the depth 
of the mining model properties, analytical optimal solution. In China, Lan Qin [11] through the 
establishment of a weighted patient waiting time, queuing model is established to maximize patient 
satisfaction as the goal, and analyzes two kinds of reservation queuing strategy: different priority 
reservation queue strategy and time priority reservation queuing strategy.  
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2. Assumptions and Variables 

This model starts with the appointment scheduling staff of the hospital and schedules the patients 
according to the appointment of patients in the outpatient department. The following assumptions and 
symbolic representations of the model are presented. 

A department has n number sources per day, which are assigned to n time periods respectively. 
The patient's visit time corresponds with the time period. All patients arrive at the hospital according 
to the scheduled time of arrival. 

Assuming each patient given in reservation request, the scheduler can learn the history of miss 
information and patient weight information, and predict the time when patients with comprehensive 
coefficient zj=wj (1-qj) /qj. Actually, the scheduling process takes the synthetic factor as the index, and 
takes the minimization of the comprehensive cost as the goal. Daily doctor actual outpatient volume 
is m, every day exceeds quantity y=m-n. The probability of reaching rj=1-qj per patient, J, j=1, and m, 
before the time period he was assigned, was wj. 

For each scheduling plan, the cost is divided into three parts: customer waiting cost, doctor spare 
cost and doctor overtime cost. Among them, when the time period n starts without the arrival of the 
patient, the doctor will generate an idle cost of Ci, which is a waste of medical resources. At the end of 
the last treatment period, there are scheduling patients who need medical treatment, which will result 
in a doctor's overtime cost of Co. Outpatient scheduling personnel often to reduce the waste of 
resources of the miss behavior by way of overbooking. If a number of customers are scheduled to 
arrive on time, some of the patients will be waiting. The cost of waiting for a customer J is wj. 

The probability of some patients arriving on time was 1, rj=1, and we defined this group as a set of 
C1, in which the number of patients was N1<n. Set the group C2 indicating the punctual arrival 
probability of rj<1 patients, the number of which is N2. 

It is assumed that no patient is directly arranged in the doctor's overtime period, and only during 
the last period of time is there a patient who has not been examined, the doctor needs to work 
overtime to complete the number of patients on the day of appointment. 

3. Models Design 

On the basis of the model assumptions, the horizontal- vertical scheduling model is described, and 

a schedule is represented as  1,..., ma a a ,  ta represents the patients’ number in the time period t, 

and the total number is  
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If a patients scheduled in the same time period, and three are k patients waiting in the queue, 
( , )W a k  represents the total waiting time expectation value of the a patients： 
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In the scheduling a , the total waiting time is： 
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The doctor's free period of time can be expressed as: 
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Oa indicates the expected value of the number of overtime periods, if no patient is scheduled in 

overtime, T=n, 
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case, all arranged in period T patients no show, and has no rest of the patients before the time period, 
doctors will work T-n-1 overtime period, second cases, only one patient arrive at time T, the doctor 
will work T-n overtime period. In the third case, the overtime period is T-n, plus the number of 
patients remaining in the previous period. Therefore 
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The optimal scheduling 
* * *

1( ,..., )ma a a is optimum solution of 

 * min ( ) ( ) ( ) ( )I Oa
V V a c I a wW a c O a                                                                                   (7) 

By calculating, we can obtain the optimal solution for the scheduling. 

4. Optimal Schedules 

Considering the complexity of the model, too many variables. We uses the MATLAB software, 
setting the numerical parameters and using the software of enumeration algorithm, analysis the 
optimal relationship between scheduling and parameters. 

This model is mainly to solve a department scheduling problem, because the doctor overtime costs, 
patients waiting cost is not the key variables in the following discussion, according to the research 
results of Christos Zacharias and Michael Pinedo [14], were studied by the data in the paper. In the 
conventional model, considering the negative factors existing in the doctor's overtime work, the 
working cost coefficient CO=1.5 is set up under the condition that the normal work cost is the ratio 
coefficient 1. Patient waiting cost factor w, 0<w<1. Set normal daily hours of n=12. 

The target cost function input calculation software MATLAB, set general variables w, q, and a 
certain period of time, the number of n services and the number of y, through the MATLAB traversal 
methods changing the parameters, the calculation of target cost function under the condition of 
minimum, and we calculate the specific parameters of the optimal scheduling results. 

Through the calculation of MATLAB, a list of different waiting cost coefficient w and the patients 
no show probability for the q case, the optimal variation of parameters under the condition of 
scheduling results. For example, in the first row, assuming the number of patients in the diagnosis and 
treatment of y=14, diagnosis and treatment of patients with n=12 interval number, weight w=0.01, 
with average q=0.2 no show rate case, the optimal scheduling model is the first time for the 3 patients, 
after each time for 1 patients. 

It can be seen from table 1, the overbooking y decreased with the increase of customer waiting cost, 
increased with increasing miss probability. At the same time, you can see most of the overbooking 
period is getting ahead. Changes in the actual arrangement of the number of m patients with the no 
show rate and wait for weight change, and is not a fixed value. 
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Table 1 Parameter w and q change optimal scheduling results table 
w q=0.2 q=0.3 q=0.4 

0.01 3 1 1 1 1 1 1 1 1 1 1 1 3 2 1 2 1 1 1 1 1 1 1 1 4 2 1 2 1 2 1 1 1 1 1 1
0.05 2 1 2 1 1 1 1 1 1 1 1 1 2 2 1 1 2 1 1 1 1 1 1 1 3 2 1 2 1 2 1 2 1 1 1 1
0.10 2 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 2 1 1 1 1 1 1 3 1 2 1 2 1 1 2 1 1 1 1
0.15 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 2 2 1 1 2 1 1 2 1 1 1 1
0.20 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 2 1 2 1 2 1 1 2 1 1 1 1
0.25 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 1 2 1 2 1 2 1 1 2 1 1 1 1
0.30 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 1 1 2 1 1 1 1 1
0.40 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 1 1 1 2 1 1 1 1
0.50 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 1
0.60 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1
0.70 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
When the number of patients with m fixed arrangement, the probability of no show rate Q, we can 

see the relationship between the optimal scheduling results and no show rate. The table shows the 
schedule of the minimum target cost when the w=0.1 and m=18 are fixed. It can be seen that when the 
q no show rate is very small, the doctor overtime relative increase in overtime costs increased 
significantly, and almost no overbooking, beyond the total outpatient patients are directly arranged in 
the overtime period. When the no show rate is gradually increased, the doctor overtime is gradually 
reduced, and corresponding overbooking situation. When the no show rate is higher than 0.4, 
overbooking situation increased significantly, and the beginning time of the forward overbooking. 

Table 2 Fixed patient number m=18 optimal schedule 
q NORMAL OVERTIME 

0.000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0.050 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0.100 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 
0.125 2 1 1 1 2 1 1 1 2 1 1 1 1 1 1 
0.150 2 1 1 2 1 1 1 2 1 1 1 1 1 
0.200 2 2 1 1 2 1 1 1 2 1 1 2 
0.250 2 2 1 2 1 2 1 1 2 1 2 1 
0.300 3 1 2 1 2 1 2 1 1 2 1 1 
0.350 3 1 2 1 2 1 2 1 2 1 1 1 
0.400 3 2 1 2 1 2 1 2 1 1 1 1 
0.500 3 1 2 2 1 2 1 2 1 1 1 1 
0.600 2 2 2 1 2 2 1 2 1 1 1 1 
0.700 2 1 1 1 1 1 1 2 1 1 1 1 
0.800 2 2 1 2 2 1 2 1 2 1 1 1 

Because of the computational complexity, the optimal overbooking level is difficult to produce 
analytically. This paper uses regression analysis model, through data analysis, obtained the 
relationship between overbooking level y and independent variables n, Q, W. At this point, there is 
still an idle cost of CO=1.5, 0<w<1. We can calculate a large amount of overbooking between y and 
different n, q, w through MATLAB. According to the literature Greene2008[13], we can see that 
there is a Poisson regression between y and independent variables n, q, w, 1 2 3 4n w qy e    , 

and (0.15, 2.70,8.36, 3.26)    , in which the optimal overbooking level can be calculated. 

5. Summary 

We study an overbooking model for scheduling the arrivals of patients who have different 
no-show probabilities and different weights. We explore the trade-offs between the benefits of 
efficient physician utilization and the costs of patients’ waiting time. This paper proposes an 
outpatient reservation strategy based on overbooking model, which provides an alternative scheme 
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for hospital reservation scheduling. A more accurate scheduling strategy is developed with full 
consideration of each patient's characteristics. 

In order to simplify the computation of the model, the enumeration method is used to solve the 
model. This method is only suitable for small scale scheduling, and the efficiency of the solution is 
very low when the model variables are enlarged. The next step is to optimize the model, achieve 
mathematical analysis, and obtain more adaptive results. 
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