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Abstract 

 

This paper investigates the use of Empirical Modelling to represent a Retail Queuing System Envi-

ronment. The paper is devised as follows. Firstly, the problem of queuing systems is introduced, 

soon followed by an explanation of the model. We then proceed to discuss the topics of constructiv-

ism and dependencies, two important features of Empirical Modelling. With these fundamentals in 

place, tkeden is compared to two commercial modelling tools, SIMUL8 and SimPY. We conclude 

with an overview of the benefits and drawbacks of Empirical Modelling, which brings the paper to a 

close. 

 

 

1   The Retail Queuing System 

1.1   Problem Background 

We have witnessed the fall of many high street re-

tailers in the last few years. The recent recession, 

along with the intensely competitive nature of retail, 

have been significant reasons for large high street 

names such as Woolworths ceasing to trade. 

    For a high street retailer to be successful it needs 

to maintain both its customers and a strong brand 

image. Customers expect a service that is profes-

sional and efficient, with minimal queuing times. 

     It is queuing time that we intend to investigate by 

using an Empirical Model, but first we simply the 

problem. If a customer chooses to make a purchase 

at a retail store (such as Argos), they join the back 

of the queue. Here they wait until a cashier is avail-

able to serve them. When this occurs, the customer 

proceeds to the cashier desk and a transaction takes 

place. Upon completion of a transaction, the cus-

tomer is removed from the queue. 

    Logically, if the rate of demand is greater than the 

rate of service, then a queue will form. If this con-

tinues, some customers may choose to leave the 

queue, perhaps expressing their frustration. On the 

other hand, if the rate of service largely exceeds the 

rate of demand, it is likely that some employees are 

underworked and are an expense to the business. 

    If we consider the above two statements, it sug-

gests that the optimal solution is for the rate of ser-

vice be equal to, or slightly higher than the current 

demand, so that customers can be served as quickly 

as possible. 

 

 

1.2   Introducing the Model 

Some retailers provide their customers with an esti-

mated waiting time at particular points within the 

queue, perhaps with a sign that says something simi-

lar to “estimated waiting time at this point is   min-

utes”. Although this may be a good estimate, it is 

calculated using statistics, rather than by observing 

what actually happens in a real world situation. If 

we use Empirical Modelling to represent the retail 

queuing system environment, it allows us to ex-

periment with observable dependencies, rather than 

using hardcoded rules. 

    Although the model developed is relatively sim-

ple, it could easily be tailored for use by a specific 

retailer. Figure 1 below provides an overview of the 

model, developed in tkeden.  

 

 

Figure 1: The Retail Queuing System Model 

Environment 



A model such as this is of benefit to a retailer, be-

cause it enables them to experiment with observable 

dependencies, and make predictions from what they 

witness. Three possible reasons for using such a 

model are provided below. 

 

1. The user may wish to calculate the esti-

mated waiting time at a particular position 

in the queue. This information could be re-

layed to the customer as a means of reas-

surance or honesty. 

2. To determine the optimum number of 

cashiers to satisfy a particular demand 

(through observing the dependencies of 

variables such as queue length, serving 

speed, and join rate). 

3. To observe the number of customers 

served in x minutes (calculated by the ac-

tual number of customers served in a set 

timeframe, rather than a statistical calcula-

tion).  

 

 

1.3   Dependencies 

As we have already discussed, our model uses many 

observables. These are now discussed in more de-

tail, although it is important to note that there are 

many more that could have been explored, resulting 

in a more complex model. Possible suggestions are 

provided in section four. 

 

Number of cashiers: The number of cashiers/tills 

that are currently active in the model. 

Till Status: Refers to the individual status of each 

cashier/till. There are three possible values. These 

are OFF (the till position does not exist), READY 

(the till position exists and is currently not serving) 

and BUSY (the till position exists and is currently 

serving a customer). 

Transaction Speed: This is the time taken for a 

transaction to take place once a customer is being 

served. 

Customer join rate: The time interval between new 

customers joining the queue. 

 

When we make a change to one or more observables 

it has an influence on the models output. We want 

our Empirical Model to demonstrate similar behav-

iour to that of the real world. This is done through 

constant refinement of our model from observation 

of particular experiments. As a simple example, in 

the real world, an increase in the number of cashiers 

is likely to increase the number of customers served 

in a set period of time. We would want our model to 

display this same trend. If this does not occur, we 

would modify the models dependencies until this 

trend occurs. 

    The queuing system model returns the following 

output, based on the dependencies of observables 

previously discussed. Again, by increasing the 

model complexity, this would also enhance the 

model output. 

 

Average Serving Time (in seconds): The average 

serving time of tills currently OPEN. 

Number of queuing customers: The number of 

customers that are waiting in the queue at a given 

time. 

Number of served customer: The number of cus-

tomers that have been served since the model was 

launched. 

Sales in last minute: The number of customers that 

have been served in the last minute. 

Sales in the last five minutes: The number of cus-

tomers that have been served in the last five min-

utes. 

Estimated queuing time P3, P6, P9: The estimated 

queuing times for the customers in positions three, 

six and nine of the queue. 

 
1.4   Constructivism 

Part of my preparation for creating the retail queu-

ing system model was researching queuing theory. 

The work of Kin Lai (2007), describes it as a 

“branch of probability theory”. Essentially, his pa-

per addresses various statistical methods for calcu-

lating queue times. These are such as exponential 

distribution (Markov) and erlangian distribution. 

More information on these methods is obtainable 

from his paper. What is interesting is that these con-

tradict Empirical Modelling principles. This is be-

cause he considers queuing from a statistical per-

spective, rather than from observation. 

    Instead, we turn our attention to the concept of 

Constructivism as described by Papert (1991). He 

uses the term “learning-by-making”. His paper ex-

plains that the best way to learn is through con-

structing a product, in a practical real world envi-

ronment. In support of this, Beynon (2004), suggests 

that a “construal” is used for constructivism, rather 

than using a conventional program. A construal is 

our perception of the environment, which we can 

construct in the retail model through modification of 

observable values. 

    Furthermore, the constructivism approach pro-

vides us with a greater degree of flexibility. This is 

because we only learn the effect of a particular input 

through observation of its output. With this in mind, 

we now identify why modelling our scenario, rather 

than experimenting in the real world is beneficial.  

 

1. If we choose to model the problem then we 

do not experience resource constraints. We 

can focus on the main modelling problem, 



rather than having to worry about unrelated 

issues such as their being enough custom-

ers or enough products to sell. 

 

2. We do not (or are unlikely to) experience 

real life repercussions through modelling. 

It allows us to experiment with observable 

relationships without disturbing real life 

customers. 

 

3. Through simple modification to the models 

clock we can easily adjust the models time-

scale to observe a particular timeframe 

faster. This means experimentation can be 

vastly more efficient than performing real 

life experiments.  

 

2   Model Construction 

EDEN stands for “Engine for Definitive Notations”. 

The retail queuing system model is written in the 

form of a several definitive scripts, executed by 

tkeden. 

    More specifically, the interpreter executes a 

main.e script, which triggers additional scripts. Each 

of these scripts contains a combination of Eden, 

DoNaLD and SCOUT notation. These scripts are 

such as clock.s, retail.d and clock.s. Multiple scripts 

have been used to group related code together. This 

was intended to make modifications easier, and also 

to give external users a better understanding of the 

codes operation. 

 

Eden is a generalised notation, forming a basis for 

other specialised notations. 

DONALD is a definitive notation for 2D line draw-

ings. It has been used for the underlying queue, cus-

tomer and till drawings.  

SCOUT is a definitive notation for screen layout. In 

our retail model it has been used to define the posi-

tion of windows for text and buttons. 

3   Existing Modelling Software 

This section of the paper introduces two alternative 

modelling tools, SIMUL8 and SimPY. Each of these 

tools is briefly described, followed by a comparison 

with the tkeden tool. 

3.1   SIMUL8 

The SIMUL8 website states that their software is 

intended to “take the risk out of decision making” 

(SIMUL8 Corp, 2011).  They claim that it is now 

the industry standard in simulation software, with its 

users including British Airways, GM and Toyota.  

Further investigation of this modelling tool showed 

that the differences between tkeden and SIMUL8 

are extensive. The following numbered list provides 

three significant points of comparison between these 

software packages. 

1. SIMUL8 claims to have “nearly two dozen 

statistical distributions” (Good Decision 

Partnership, 2011). I experienced that com-

plex calculations in tkeden are difficult to 

perform, where as SIMUL8 is much more 

suited for such calculations. Furthermore, 

as discussed in section 1.4, relying on sta-

tistics contradicts with the idea of construc-

tivism. 

2. SIMUL8 enables the user to draw their 

model on the screen. In contrast, tkeden 

drawing is done within a definitive script. 

However, although writing a script may be 

more time consuming, it does give a 

greater degree of flexibility (in a similar 

way to a command line giving more control 

than a GUI). 

3. SIMUL8 automatically collects perform-

ance data, intended for later calculations. 

Although it is possible to collect perform-

ance data using tkeden, we would need to 

include calculations within the script. 

3.2   SimPY 

Our second tool for comparison is SimPY (Simula-

tion in Python). The SimPY webpage describes the 

tool as “an object orientated process-based discrete-

event simulation language”. Through reading the 

work of Matloff (2009), developers choose to use it 

due to its “clean manner” and their personal prefer-

ence for the Python language. The software is cur-

rently used for traffic simulation and industrial en-

gineering, along with numerous other uses. 

    In a similar fashion to section 3.1, we provide 

three points of contrast with tkeden. 

1. SimPY features object orientation, where 

as Eden uses definitive notation. In some 

situations, object orientation would have 

been beneficial (such as the desire to create 

people objects that could join the retail 

model queue). 

2. SimPY comes with “data collection capa-

bilities, GUI and plotting packages” 

(SimPY Developer Team, 2010). These are 

features currently not provided by the Eden 

tools. 



3. SimPY provides monitor variables to assist 

with generating statistics. Although it is 

possible to collect performance data using 

tkeden, we would need to include calcula-

tions within a script. 

4   Extensions to the model 

Given that this model is relatively small, there is 

certainly potential for extension. The following list 

describes some interesting modifications that could 

be made to the existing model. 

1. At present, the number of potential cashiers 

is restricted to three. The model could al-

low the user to specify the number of cash-

iers, rather than it being limited. 

2. Currently, only the speed observable con-

trols the transaction rate. However, in real-

ity numerous factors would determine the 

speed of a transaction. These may be such 

as the cashiers serving ability/experience, 

the number of items that a customer is pur-

chasing and the type of transaction. There-

fore by introducing more specific observ-

ables, the user can experiment to learn the 

significance of each one through observa-

tion. 

3. The current model graphically shows peo-

ple joining the queue, however it is diffi-

cult to uniquely identify each customer due 

to them all being the same colour. This 

problem could be resolved by either label-

ling, or by using a revolving colour pattern 

for each customer. A possible solution to 

this problem is demonstrated in figure 2.  

 

 

 

 

 

 

 

 

 

 

4   Conclusions 

We conclude by addressing the benefits and draw-

backs of using Empirical Modelling. Some are gen-

eral points of discussion, whilst others are specially 

related to our retail queuing system model.  

4.1   Benefits of EM 

Firstly, the concept of dependencies proved to be 

very useful during modelling. To recap, this is the 

idea that a variable gets updated automatically if the 

variables it is dependent on change. We already 

witnessed dependencies in some common software, 

such as in Spreadsheet cells, but there is still poten-

tial for further application. Take for example the 

installation of computer software. Some software 

packages require a computer reboot before becom-

ing useable. However, with dependencies, we would 

see changes made automatically, meaning a restart 

would not be necessary. 

    Secondly, tkeden uses definitive notation. There 

are numerous benefits for using this type of nota-

tion. 

 All variables containing the most up-to-

date value. 

 Easier interaction can occur since the re-

sponse to an individual’s actions will be 

immediate. 

 It enables modification of variables at run-

time, meaning the user can interact with the 

model and make runtime changes. 

 

Lastly, Empirical Modelling uses the concept of 

iterative improvement. This is the idea that software 

can be developed slowly, giving opportunity for 

experimentation. The user is able to witness how 

changing variables influences the model output, and 

can make appropriate changes based on this. 

 

 

 

 

Figure 2: A queuing model that clearly shows people 

moving up the queue by using colours. 



4.2   Drawbacks of EM 

There were some problems experienced whilst ex-

ploring Empirical Modelling in tkeden. In particular, 

the lack of object orientation made the concept of 

people joining a queue rather difficult. Ideally, I 

wanted customers (represented by a circle) to join 

the queue. However, tkeden does not allow the crea-

tion of objects whilst the model is running. I had to 

work around this, by adjusting the customers colour 

and position when they were required in the model. 

 

    Secondly, there are known problems with using 

definitive notation. To date, there is no commer-

cially software available for it, meaning most that 

have been written are experimental. When using 

tkeden I did experience minor bugs and error mes-

sages that occasionally caused difficulties when 

working. Although I appreciate that tkeden is well 

developed and tested, at times solving these prob-

lems was time consuming. 

 

    It would be interesting to use Empirical Model-

ling to observe the behaviour of agents in more 

complex scenarios, (mostly to do with social inter-

action). However, these seemed very difficult to 

model in such an environment. Some of these are 

scenarios are given below. 

 

 In a real world environment, customers 

may join the queue as groups of friends. 

How would this be represented in an Em-

pirical Model? Perhaps the group only gets 

considered as a single entity, provided only 

one group member is completing a transac-

tion. 

 

 The range of possible interactions that can 

be carried out by a customer is extensive. 

They may choose to stop in the queue for a 

discussion with another customer, perhaps 

forget an item and have to temporarily 

leave the queue to collect, or stop to 

browse at items in a sales bin. Many of 

these cases are unpredictable and difficult 

to account for. 

 

 There is also the problem of queue jump-

ers. Customers may join the queue at dif-

ferent positions, which would make the 

queue model significantly more compli-

cated to implement. 
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