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Abstract—A ticket dispenser (TD) is used to assist customers 

for the waiting process in, e.g., a restaurant. This paper deploys a 
mobile ticket dispenser system (MTDS) with waiting time 
prediction to enhance user experience in waiting. For example, the 
MTDS for a restaurant allows a customer to remotely draw a 
ticket for meal order anywhere through a smart phone before 
she/he arrives at the restaurant and therefore reduces her/his 
waiting time. The developed MTDS system can dynamically 
adjust the predicted waiting time. We propose two output 
indicators and develop a discrete event simulation model to 
investigate the performance of the predicted time adjustment 
mechanism for the MTDS. With a proper frequency of 
re-calculation for the predicted waiting times, our study indicates 
that the waiting times can be more accurately predicted without 
consuming much wireless network resources and power 
consumption of mobile devices.  
 

Index Terms—mobile ticket dispenser, mobile communication, 
network server, modeling 

I. INTRODUCTION 

Ticket dispensers (TD) are used in supermarkets, retail 
shops, post offices or anywhere that large groups need to be 

assisted in the waiting process. When a customer draws a 
number from the ticket dispenser, the number represents the 
customer’s order in the waiting queue. Traditional TDs require 
a customer to be physically present in, for example, a restaurant 
to draw the ticket, and then waits for her/his turn to get the meal 
she/he ordered. A popular restaurant always has a long queue of 
customers. Therefore, it is typical that people spend long times 
waiting in the queue before their orders are complete, and user 
experience is not good. This issue can be resolved by wireless 
and mobile technologies. Specifically, a mobile ticket dispenser 
system (MTDS) allows a customer to remotely draw a ticket for 
meal order anywhere through a smart phone. With the MTDS, a 
customer can order before arriving at the restaurant, and the 
waiting time can be significantly reduced. However, the 
customer may arrive later than her/his order is complete by the 
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restaurant, and receives a "cold" meal. Therefore, how to advise 
customers with precise predicted waiting times is essential to 
improve user experience. 

Many studies [1-4] on remote reservations and booking 
applications focus on user interface designing, customer list 
management, and booking services. Waiting time prediction is 
seldom investigated. Ogawa et al. [5] and Sun et al. [6] focused 
on deriving the processing times of patients in hospitals without 
involvement of the MTDS, and do not advice patients when to 
arrive at hospitals. Based on the client-server architecture, this 
paper develops an MTDS with waiting time prediction that 
allows customers to remotely draw tickets. Through wireless 
connectivity, before a customer arrives at, for example, a 
restaurant, the MTDS can adjust the predicted waiting times to 
be more accurate via periodic message exchanges between the 
MTDS server and the MTDS client. However, such message 
exchanges should not be executed often, or the network 
resources and the power of the MTDS client would be 
significantly consumed. This paper proposes a simple 
mechanism to dynamically predict the waiting time. We 
investigate the frequency of re-calculation for the predicted 
waiting times to balance against prediction accuracy, the power 
consumption of the MTDS client, and the wireless resource 
utilization. 

The paper is organized as follows. Section II introduces the 
proposed mobile ticket dispenser system (MTDS). Section III 
investigates the waiting time prediction mechanism. Section IV 
proposes an analytic model for the MTDS. Section V 
investigates the performance of the MTDS by numerical 
examples, and the conclusions are given in Section VI. 

II. A MOBILE TICKET DISPENSER SYSTEM 

A mobile TD system (MTDS) consists of the MTDS server 
(Fig. 1 (a)) and the MTDS client (Fig. 1 (b)). We have 
implemented the MTDS server in an open service platform 
called "BuddySquare" [7]. The MTDS can be connected to a 
mobile network such as 3G or LTE (Figs. 1 (c) and (d)) [8, 9]. 
Alternatively, it can be connected to a Wi-Fi network (Fig. 1 
(e)). The MTDS follows the client-server model where an 
MTDS client is downloaded from an app store and installed in a 
smart phone, or is implemented in a web site that can be 
directly accessed by a smart phone. The MTDS application can 
also work with a feature phone, where tickets are delivered by 
Short Message Service (SMS). A customer can use the MTDS 
client to send an order request to the MTDS server through the 
Internet (Fig. 1 (f)). The communication path is established 
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between the MTDS client and the MTDS server through 
(b)-(c)-(d)-(f)-(a) for 3G/LTE service or (b)-(e)-(f)-(a) for 
Wi-Fi service. Fig. 2 illustrates the user interface of the MTDS 
client we implemented. 

Without loss of generality, consider a to-go restaurant that 
allows customers to order meals through the MTDS. When a 
customer uses the MTDS client to make a meal order at time t0, 
if there are n-1 orders in the waiting queue of the restaurant, 
then we denote the customer as Cn. Customer Cn will receive a 
pair of ticket numbers (na, na+n) from the MTDS server, where 
na is the ticket number of the order being served by the cook at 
t0 or the number of the order completed by t0 if the cook is idle, 
and na+n is the dispensed ticket number for Cn. Assume that 
there is one cook in the restaurant (our model can be directly 
but tediously extended for multiple cooks). For n>1, when Cn 
draws the ticket, the cook is working on a meal order, n-1 
orders are in the waiting queue, and Cn’s order will be the n-th 
order in the waiting queue. If n=1, then either the cook is idle or 
is working on an order, and Cn’s order will be the only one in 
the waiting queue. When Cn arrives at the restaurant, if the 
(i+na)-th order is in service, where , then Cn should wait. 
The MTDS algorithm is described in the following steps: 
Step 1. A customer uses the mobile phone (MTDS client) to 

order a meal from the to-go restaurant. 
Step 2. The order request is sent to the MTDS server. The 

MTDS server issues a pair of ticket numbers (na, na+n) 
to the customer. Denote the customer as Cn. The MTDS 
server also suggests the predicted waiting time t when 
Cn's ticket is issued (i.e., at t0). We will elaborate more 
on t later. 

Step 3. The restaurant handles the meal orders following the 
FIFO (first in first out) discipline. 

Step 4. Before arriving at the restaurant, Cn may be informed of 
“adjusted waiting times” several times; In other words, 
the MTDS dynamically adjusts the predicted waiting 
times for better accuracy. The details will be given in 
Section V. 

Step 5. Cn arrives at the restaurant and shows the ticket number 
(in the MTDS client) to get the ordered meal when it is 

ready. 
In Step 2, we assume that the restaurant always handles the 

meal orders following the FIFO discipline no matter when the 
corresponding customer arrives at the restaurant. In other words, 
the ordered meal may be prepared before the customer arrives. 
In this scenario, both the cook and customers are "patient". The 
restaurant may exercise a prepaid mechanism to guarantee that 
the money is always received even if the customer does not 
show up. On the other hand, the customer always comes to pick 
up her/his order so that the prepaid money will not be wasted. 
We will address the scenario for impatient customers and/or the 
cook (who will drop the orders) in a separate paper and will not 
be elaborated here. 

III. THE WAITING TIME PREDICTION MECHANISM 

The waiting time of Cn is the summation of service times for 
the orders ahead of Cn when her/his MTDS ticket is issued, 
where a service time is the time interval for the cook to 
complete a customer's meal order. Suppose that Cn requests the 
MTDS ticket at time t0. Let  be the service time of order i in 
the waiting queue, where i=0 to n. That is,  is the service time 
for Cn. If the cook is not idle at t0, then let be the residual 
service time of the order being handled by the cook at t0 (i.e. 
between the arrival of Cn’s order and when the service for the 
first order is complete). Let  be the actual waiting time for Cn. 
Then 

        (1) 

Note that if Cn arrives at the restaurant later than when his/her 
order is complete by the cook, then Cn can pick up the meal 
immediately, and “the actual waiting time” means “the 
order-ready time”. From (1), a simple equation to predict the 
waiting time by using the means of  and  can be expressed 
as 

 (2) 

Assume that  are independent and identically 
distributed (i.i.d.) random variables. From the residual life 
theorem [10],  in (2) is expressed as 

 

where V is the variance of the service times , for . The 
residual life time  is a part of predicted waiting time, 

 
Fig. 1.  The MTDS system architecture  

Fig. 2.  The user interface of the MTDS client 
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where has not been considered in existing studies [5, 6]. In (2), 
the  distribution depends on the service behavior of the cook 
in the restaurant. In this study, we actually measured the service 
times for two service examples during January, 2014. The first 
example is the post office in National Chiao Tung University. 
The second example is a bake shop called “Cottage Waffle” 
which provides freshly baked waffles. Fig. 3 shows the service 
time distributions of the post office and Cottage Waffle. In the 
first example, the mean service time of the post office is 

=158.3 seconds and variance V=23805.9=0.95 . In the 
second example, the mean service time of Cottage Waffle is 

=112.8 seconds and variance V=10051.8=0.79 . A 
Gamma distribution is used to fit the sampled service times. 
The Gamma distribution is selected because it can be shaped to 
represent many distributions as well as measured data [11, 12]. 
A Gamma density function with the shape parameter  and the 
scale parameter  is 

                            (3) 

where , and . 

In our observation, most stores with skillful services can 
control the service time variances such that V E[ ]2. If =1 in 
(3), i.e., V=E[ ]2, then both  and  are exponentially 
distributed, and the waiting time  of Cn has an Erlang 
distribution. In this scenario we can consider another waiting 
time prediction equation based on exponential service times 
with the mean =1/ . That is, the predicted waiting time t 
has the Erlang density function with the shape parameter n and 
the scale parameter : 

                              (4) 

IV. THE ANALYTIC MODEL 

Suppose that Cn makes a meal order at time t0 through a 
smart phone, and the MTDS server suggests a predicted waiting 
time t at Step 2 of Section II. The predicted waiting time t 
described in Section III can be considered as a random variable. 

  
Fig. 4.  The timing diagram 

Suppose that random variable t has the density function . 
Fig. 4 illustrates the timing diagram for Cn’s order, where  is 
the service time of meal order i, and  is the residual service 
time of the order being handled by the cook at time t0 (when 
Cn’s MTDS ticket is issued). The actual waiting time for Cn 
(when ) is expressed in (1). 

The predicted waiting time t is used to predict  for Cn, and 
its accuracy can be estimated by 

                                   (5) 
which is the error between the actual waiting time  and the 
predicted waiting time t. That is, the prediction is accurate if te 
is small. If  has the density functions  and the Laplace 
transforms , then  is also a random variable, and its 
density function  and Laplace transform  can be 
derived as follows. Suppose that  has the density function 

 with Laplace transform . If  is nonlattice, 
then from the residual life theorem [5], we have 

 

From the convolution of the Laplace transforms,  is 
expressed as 

 (6) 

Since  are i.i.d. random variables, , where 
, and (6) is re-written as 

       (7) 

If Cn actually arrives at the restaurant at the predicted waiting 
time t, and the (i+na)-th order is in service, where , then 

, and Cn should wait for the period . In contrast, if 
, then  and Cn may get a cold meal. The probability 

that  can be expressed as 

 

From (5), let  be the error of the 
predicted waiting time when  and 

 be the error when . Then  
is derived as 

 

 

 
                                                                           (8) 

Suppose that t has an Erlang distribution with parameters n 

1st order
complete

2nd order
complete

Cn's order 
issued

Predicted order-
ready time for Cn

Actual order-
ready time for Cn

Fig. 3.  The service time histograms measured from NCTU post office and
Cottage Waffle 
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and  (i.e., the prediction equation (4) is used), then the first 
term of (8) is 

 

 

                  (9) 

The second term of (8) is 

 

 

          (10) 

If  has a Gamma distribution with mean  and variance 
V, then the Laplace transform of  is 

 

In (7), if the cook is idle, the term  in (10) is expressed 

as 

(11) 

In (7), if the cook is busy at t0, the term  in (10) is 

expressed as 

              (12) 

In (12), 

 

For Gamma  distribution, if the cook is idle at t0, then from 
(9), (10), and (11), (8) is expressed as 

                      (13) 

If the cook is busy at t0, then from (9), (10), and (12), (8) is 
expressed as 

  

 

 

     (14) 

 

Similarly,  is derived as 
 

 

 

                                                                           (15) 
Similar to the derivation for (9), the first term of (15) is 

 

                      (16) 

The second term of (15) is 

 

                            (17) 

For Gamma  distribution, if the cook is idle at t0, substitute 
(16) and (17) into (15) to yield 

                         (18) 

which is the same as (13).  
If the cook is busy at t0, then (15) is expressed as 

 

 

 

(19) 

We have developed a discrete-event simulation model to 
compute E[ ], E[t], , and  for prediction equation (4). The 
approach is similar to the one in [13]. Equations (13), (14), (18) 
and (19) are used to validate against simulation experiments, 
where the errors between the analytic model and the simulation 
experiments are within 1%. Then we extend the simulation 
model to accommodate the prediction equation (2). Define  as 
the accuracy indicator expressed as 

 
where t is computed by prediction equations (2) or (4). As we 
mentioned, the smaller the  value, the better the prediction. 
Based on the experiments, we make the following observations. 

Effect of n: Fig. 5 illustrates the  curves for prediction 
equations (2) and (4), where V=0.065E[ ]2, 0.79E[ ]2, and 
0.95E[ ]2, respectively. The figure indicates that  decreases 
as n increases. In other words, both equations (2) and (4) are 
more accurate as n increases. Prediction equation (2) is more 
accurate than (4) for small n. For large n and V, both equations 
have similar accuracy performance. 

Effect of V: Fig. 6 plots the  values against the variance V of 
service times for equations (2) and (4), where n = 10, 50, and 
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100. The figure shows that the predictions are more accurate for 
small V or large n. The figure also indicates that (2) is more 
accurate than (4) for small V. Both equations have same 
accuracy when V is large. Although (4) assumes V=E[ ]2 and 
was expected to fit better for  with large V, Figs. 5 and 6 
indicate that (2) always outperforms (4). In the remainder of 
this paper, we only consider (2) for the waiting time prediction. 

Based on the above discussion, the waiting time prediction is 
inaccurate when n is small and V is large. To improve the 
accuracy, a predicted waiting time adjustment mechanism is 
proposed in the next section. 

V. PREDICTED TIME ADJUSTMENT MECHANISM 

To provide good user experience in waiting, the MTDS 
server should accurately predict the waiting time for a customer. 
As shown in Fig. 5, accuracy of the prediction is highly affected 
by the variance V of service times and the number n of orders in 
the waiting queue. The accuracy indicator  is large (i.e., the 
error  is large) when V is large. To improve the accuracy, we 
modify the mechanism in Section II such that the MTDS server 
can periodically update the predicted waiting times for the 
customer via wireless communications. This approach should 
be carefully exercised. If the MTDS server frequently 
communicates with the MTDS client, the power of the MTDS 
client and the wireless network resources may be significantly 
consumed. Existing studies [14-16] indicate that Wi-Fi and 3G 
modules are high power consumption components as compared 
to other components in a smart phone. When a smart phone is 
receiving data, the power consumption is 868mW for Wi-Fi 
and 848mW for 3G. When it replies ACK to the network, the 
power consumption is 1629mW for Wi-Fi and 856mW for 3G. 
To balance against the prediction accuracy, the power 
consumption of the MTDS client, and the wireless network 
resources, we propose a predicted time adjustment (PTA) 
mechanism by modifying Steps 3 and 4 in Section II. 
Specifically, after the ticket (na, na+n) is issued at Step 2, the 
MTDS server sets a update threshold  ( ), 
a counter , and enters the following loop: 

 
Predicted Time Adjustment (PTA) Mechanism: 
Line 1 while ( ) do { 

Line 2 The MTDS server completes an order (Step 3 in  
Section II); 

Line 3    ; 
Line 4    if ( ) { 
Line 5       Compute the updated prediction time ; 
Line 6 Send the updated prediction time  to the MTDS  

client; 
Line 7       ; } } 

At Line 5, we use the prediction equation (2) to update the 
predicted waiting times, where , which is different 

from that at Step 2 of Section II where  for 

(2). The residual service time is zero at Line 5 because the cook 
just completes an order when the updated prediction time t is 
computed. The parameter  is used to control the number of 
updates to be executed by the MTSD server. If  is large, the 
MTDS server will communicate with the MTDS client 
frequently. We will show that the PTA mechanism with an 
appropriate  can better predict the waiting times without 
incurring much power consumption of the MTDS client and 
wireless network resources at Line 6. 

Let  be the number of updates performed by the PTA 
mechanism, then 

                              (20) 
It is clear that the larger the  value, the larger the N value. It is 
interesting to note that N significantly increases if . Let 

 be the accuracy indicator  for the j-th update performed at 
the MTDS server, and  be the queue length of the restaurant 

for the j-th adjustment, where  for . 

For j=0, =n and the first predicted waiting time is sent from 
the MTDS server to the client at Step 2 in Section II. Fig. 7 
illustrates  of the PTA mechanism with =0.1, 0.5, and 0.7 
for n=100, and V=0.1E[ ]2 and 0.95E[ ]2. As shown in this 
figure, for any  value, after  updates have 
been performed, the accuracy indicator  can be improved by 
80% (from 0.02 to 0.004) for V=0.1E[ ]2, and by 91% (from 
0.08 to 0.007) for V=0.95E[ ]2. That is, the PTA mechanism 
significantly improves the accuracy of the predicted waiting 
times no matter what  value is selected. Although the 

Fig. 5.  Accuracy of prediction equations (2) and (4) against n Fig. 6.  Accuracy of prediction equations (2) and (4) against V 
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resulting  values are the same at the last update for all  
values, Figs. 7 (a) and (b) show that small  leads to a drastic 
change of  between two consecutive updates. For example, if 

=0.1 is chosen for n=100, the MTDS server does not perform 
the first adjustment until =10. In this case, the change of  is 
large between two successive updates (see the significant drops 
of the  curves for =0.1 in Figs. 7 (a) and (b)), which may 
give the customer big surprise about the predicted waiting time 
change. In this case, the customer may be difficult to react to 
the new predicted waiting time (to plan the time when she/he 
should arrive at the restaurant). On the other hand, if =0.7 is 
chosen, the change of  is comparatively small between two 
successive updates, and the change of predicted waiting time is 
not significant. In this case, the customer can still easily adjust 
the arrival time to the restaurant. Figs. 7 (c) and (d) plot the  
curves against the j-th adjustment. The figures show that the 
number of PTA updates significantly increases as  increases. 
For example, if  increases from 0.1 to 0.7, the number of PTA 
updates increases from 3 to 12. 

For good user experience in waiting, the change of  should 
not be too large between two consecutive updates. Define  as 
the average ratio between the change of two consecutive  and 
the queue length  for ,  then 

                     (21) 

We consider  as the “smooth” indicator. The smaller the  
value, the easier for the customer to react to the new predicted 
waiting times. Therefore, when the PTA mechanism is 
executed, the  value should be selected such that  is small 
(for good user experience in waiting) and N is small (the 
wireless message exchanges between the MTDS server and the 
client are not frequent). Unfortunately, N and  are two 
conflicting goals, and therefore, the  value should be carefully 
selected such that both N and  are reasonably small. Fig. 8 (a) 
illustrates N and  against  for n=100 and V=0.065E[ ]2, 
0.79E[ ]2, and 0.95E[ ]2, respectively. Fig. 8 (b) shows the 
performance of N and  for V=0.95E[ ]2, and n=10, 50 and 
100, respectively. 

The figures indicate that when  is small (e.g., <0.2),  
significantly decreases as  increases. On the other hand, 
increasing  only insignificantly reduces  when  is large 
(e.g., >0.8). The results reverse for the N performance. That is, 
when  is large (e.g., >0.8), N significantly increases as  
increases. On the other hand, when  is small (e.g., <0.2), 
increases  only insignificantly increases N. We further 
observe that good performance for N and  (i.e., both N and  
are small) can be achieved for large n or small V with a small  
value. For example, when n=100, small N and  are observed 
for =0.1 if V=0.065E[ ]2 and =0.2 if V>0.79E[ ]2 (see the 
gray circles  in Fig. 8 (a)). On the other hand, for small n, 
larger  should be selected. For example, =0.85 should be 
selected for n=10 as shown in Fig. 8 (b). For the  value at a 
gray  mark, increasing the  value only insignificantly 
improves  at the cost of significantly increasing N. On the 
other hand, decreasing the  value at a gray  mark only 
insignificantly decreases N at the cost of significantly 
degrading . Therefore, the MTDS with the  value at a gray  
mark can significantly improve  at the cost of a small N value. 

Note that the PTA mechanism may not improve the accuracy 
of prediction for small n (e.g., n 10) because the waiting queue 
length is too short, and the customer may be expected to arrive 
at the restaurant before next prediction update occurs. 
Therefore, we emphasize that the PTA mechanism aims for the 
MTDS with the large queue length. Indeed, the MTDS without 
waiting time prediction was originally designed for busy 
restaurants, and the PTA mechanism significantly improves the 
MTDS for the same queueing assumption of the restaurant. 

VI. CONCLUSION 

This paper developed a mobile ticket dispenser system 
(MTDS) with waiting time prediction that enhances user 
experience in the waiting process. We investigated the impact 
of the queue length n and the variance V of the service times on 
the accuracy of predicted waiting time, and proposed a 

       (a) V=0.1E[ ]2                                 (b) V=0.95E[ ]2 

                          (c) V=0.1E[ ]2                                (d) V=0.95E[ ]2 
Fig. 7.  The accuracy indicator  for PTA (n=100) 
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    (a) n=100                                                                               (b) V=0.95 E[ ]2 

Fig. 8.  N and  against  

predicted time adjustment (PTA) mechanism that periodically 
updates the predicted waiting times to improve the accuracy. 
An analytic model was proposed to model the waiting time 
prediction. The analytic results were used to validate against 
the simulation experiments. Then the validated simulation 
experiments are conducted to investigate the performance of 
the PTA mechanism. We define two indicators  and  to 
evaluate the PTA performance. The accuracy indicator  
describes the error rate between the actual waiting time and the 
predicted waiting time. The smooth indicator  describes the 
average change of the prediction error between two consecutive 
updates. A parameter  is used in the PTA mechanism to 
control the number N of predicted waiting time updates. With  
large N, the PTA mechanism may consume extra radio 
resources and incur significant power consumption of the 
MTDS client. Therefore, the  value should be carefully 
selected to balance against  with N. Our study provides the 
following observations: 
  decreases as V decreases or n increases; that is, the PTA 

mechanism can effectively assist the ordering process for a 
popular restaurant that is crowded (with large waiting queue 
length n) and the cook prepares meals with good 
management on controlling the service times with small 
variance V. 

  decreases and N increases as  increases. Large  
smoothens the waiting time prediction at the cost of 
frequent wireless communications. Fortunately, we are able 
to find an appropriate  value such that “smooth prediction” 
can be achieved without incurring frequent wireless 
communications. Such appropriate  value is small when n 
is large or when V is small. 

In summary, we have developed an MTDS system and 
provided guidelines to predict the waiting time. Specifically, 
we showed how to select the MTDS parameters for good user 
experience in waiting without incurring much power 

consumption of MTDS client. 
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