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1. Abstract 
 
The aim of this paper is to give a detailed analysis on the simulation model I realized using the free 
softwares NetLogo 5.0.5 and Python v2.7.6, respectively available on the web at 
https://ccl.northwestern.edu/netlogo/download.shtml and at https://www.python.org/downloads/. In 
order to allow most of readers to easily understand my work, I decided to split it in two sections: the 
former section wants to give a brief but exhaustive introduction to the code, written with Python, used 
to upgrade all the data we will need in the agent-based simulation written with NetLogo. The latter 
section is divided into three subsections: in the first one I will introduce the simulation without 
immediate references to its code, then I will give the step by step explanation of the instructions used in 
the code and only at the end I will give a look to specific outcomes. 
 
2. Introduction 
 
The purpose of this simulation is to replicate the [TO]BIKE – Turin's self-service, bike-sharing scheme 
for short journey and to analyze it, in order to verify if the docking stations are optimally spread among 
the city. Furthermore, it is important to look for the best number of  bikes and parking platforms for 
each docking station. 
 
In this model appear two kinds of agents: the bikes and the people. The former are completely free to 
move only on streets while the latter do only exist as people with the intention to hire a bike at the 
docking stations. So you will not find people walking in the streets but you will see them trying to hire 
a bike at the docking stations. We can decide the number of bikes that are going throughout the city and 
the number of people wanting to hire a bike. What we can not decide is the availability of bikes and 
free docking stations because these data are downloaded every time the Python file is executed. 
 
Adding into the simulation an increasing number of bikes, of people looking for them, or both the cases, 
we will observe several different situations randomly simulated by the program. This will allow us to 
get important results on the locations and the number of bikes that the bike sharing network manages. 
My study is focused on the number of agents in the simulation and on the distances they have to cover 
to reach their own destination, moreover some others parameters like active and inactive number of 
bike docking stations, time spent reaching a different destination after finding the initial one 



overcrowded, differences in changing the direction and so on are kept in mind to give a better 
explanation of the results. 
It is important to say that the number of bike docking stations considered in the simulation does not 
cover the exact number of stations really existing but is lower. In my simulation I considered 87 bike 
docking stations against the 107 already existing and active, which becomes 131 if we consider also the 
inactive ones. Why 87 and not 107? I decided to cut away all the locations that are far from the center 
of Turin, cause the center is the area in which the bike-sharing projects works better. There are several 
reasons for my previous words, the main one is that in the center there is a quite extensive area subject 
to strict traffic limitations. 
 
The position of the bike docking stations is very close to the real one, I managed them using all the data 
contained in the documents available at http://www.comune.torino.it/geoportale/ that report a lot of 
statistical analysis in a QGIS format. A similar speech can be done for what concern the creation of the 
map of the city, in order to offer a program based on the real situation of Turin and able in distinguish 
streets from buildings, parks, rivers and so on. The user has the possibility to interact with the map, by 
focusing his attention to a specific area and increasing the zoom on it. This allows the user to make 
different kind of analysis, concerned with the area analyzed. What is important to notice is that by 
changing the zoom, the user defines a “new” world, which means that the simulation only involves the 
agents that appear in the interface. Moreover, the main window must be considered as a bounded world, 
in order not to have bikers that go out from the bottom of the map and appearing from the top of the 
same map after one tick. 
As I promised in the abstract, I will proceed by giving a brief introduction of the Python program, 
which can be considered as the starting point of the simulation itself. 
 
3. Introducing Python 
 
I wrote a program called TO_Bike_situation.py thought to be launched before starting the simulation 
itself, in order to upgrade all the data that a bike docking station needs to own: the number of bikes that 
are available to be hired, the number of bikes that can be returned and the number of bikes that are not 
free to be used because of damages. All the information is uploaded by each bike docking station on 
internet and is free to be read on the website, at the address http://www.tobike.it/frmLeStazioni.aspx. 
This is an important tool for anyone with the intention to hire a bike from [TO]Bike system because it 
allows him/her to forecast the availability of bikes or docks, before starting the short journey. So my 
program is able to read the html code of the website and looking for the information. This was possible 
thanks to the urllib2 library that I imported at the beginning of my program. Once it finds the 
information, it creates a new shapefile, in which there are three additional columns reporting the values 
observed. What is a shapefile? 
A shapefile is a particular kind of file used by QGIS in creating a map. It works as a spreadsheet in 
which every line corresponds to a point of a polygon, and this polygon, in my case, is the set of all the 
bike docking stations and their geographic coordinates. This was possible importing a library called 



shapefile, that allows us to manage shapefile format, creating in this way a powerful link between 
QGIS and Python's software. I do not want to spend much time in analyzing this program, this is not 
the aim of the paper so I will skip to the next argument, the core of this work: the simulation written 
with Netlogo. 
 
4.1 Netlogo simulation 
 
Purpose: this paragraph explains to the user how to manage the interface tab of the model without 
reference to its code. 
The first time the user opens Turin_bike_sharing.nlogo, he/she will observe a window of this kind: 

 
On the left side of the screen we will find the inputs of the program, in the middle there is the “world” 
of the simulation and on the right hand there are the outputs. The most important steps are briefly 
reported also on the screen, in order to make the life of the user easier if he/she does not read this paper. 
The first thing to do is to push down the setup button, this will let you observe the map of Turin, the 
locations of all my 87 bike docking stations. These will appear as a flag if own free bikes ready to be 
hired, or as a X if there is not availability of bikes. I report the world as it is right now, don't worry if 



our world is different, it depends on the data upgraded by means of Python. 
This is the center of Turin, the area I decided to study. At the bottom of the image and on the right hand, 
we can observe the river Po and the hill. That's why the streets are not so linear and there is a lack of 
bike docking stations. If the user has the intention of making a more detailed analysis, paying attention 
to a smaller area of the city, he/she just has to push down the button click_into_the_map and choosing 
the center of the analysis by clicking the pointer. Then, it is sufficient to zoom in by moving the slider 
to the right and drawing it. 
Zoom in example (Piazza Vittorio and Gran Madre): 

At this point the simulation let us see what patches are considered as streets. This is an important step 
for our analysis because the bikes can only move onto the streets, but could exist some bike docking 
stations located in the middle of a park or in some patches that are not considered as streets. In order to 
avoid this kind of errors I implemented few lines of code that I will explain later. 
The way used by the program to distinguish the streets from the buildings, parks, the river and so on is 
a comparison between the world just created in the simulation with the QGIS map of the city for what 
concern the viability section. It requires few seconds and the result is: 

As we can see it works quite well but it is not immune to error, I chose this example to show how the 
comparison creates something wrong that consists in assuming the center of Gran Madre (a church) as 



a closed street. This kind of errors is not so common and it depends on the information contained in the 
QGIS map, not in the code used. By clicking once more to the button show_streets they turn off. 
The green sliders are input variables, they must be set before starting the simulation and can be 
modified while the simulation is running. They consist in: 
 
• num_bikes: the number of bikes that are randomly distributed on the streets and that can be 
considered as the bikes that have been hired before starting the Python upgrade and that, as a 
consequence, exist but are not reported because not situated in a bike docking station. 

Every bike in the model has a randomly chosen destination. 
 

• num_people: the number of people that we want to create at a randomly chosen bike docking 
station. The aim of this kind of agents is to add a new category of people interested in hiring a bike and 
that are able to accomplish their goal only if there is an availability greater than zero. 
 
As a consequence of hiring a bike, this kind of agent turns into a bike and assumes a destination, which 
is randomly chosen from the other bike docking stations. 
 
Now you are ready to let the simulation start, so push the go button down. 
  
The outcomes can be found on the right side of the screen, I will introduce them to make their meaning 
and their use clear. 
 
• N° of total bikes : it plots the total amount of bikes existing in a specific moment, either all the    
            bikes created at the beginning of our simulation by adding them, or the bikes automatically   
            created when a person finds and hires a bike. It is useful to see the general behavior of our  
            simulation and to see if the model is overcrowded, in this case we will see the time increasing  
            and no change in the amount of the bikes. 
 
• Levels of distances: it plots an histogram in which the three columns represent each one the   
            number of bikes that have a specific distance to their own destination. The three ranges are: 
            distance < 150 patches is near, 150 < distance < 300 patches is middle and distance > 300 is far. 
            These ranges have been chosen by splitting the total length of the world in three parts. Our        
            world has dimensions 460 patches * 460 patches. I think this graph is useful to see if the 
            direction chosen by the bikes is right oriented, because if it is we expect to see a gradual 
            reduction in the distances until every bikes has returned to a bike docking station. 
 
• N° of people waiting for a bike: in order to easily catch if the number of bike docking stations is  
            sufficient to cover the will of the people to hire a bike, in this graph the program plots a line   
            with the number of people waiting for a bike. If somebody goes to a bike docking station that     
h          has some bikes available for hiring, then he/she will not appear in the graph but if he/she has to   



            wait until a bike is returned to that station then we will see the line increasing. I think this  
            parameter is useful if it is associated with other parameters like the time waiting for a bike that  
            is a counter of ticks that reports the maximum period of time spent by a single person  
            waiting for a bike, and People who found a bike vs. people who did not  that creates a  
            histogram with the ratio of people who are riding a bike and people that are waiting. The  
            histogram is upgraded at every tick. 
 
• Change in destination: the above mentioned problem has another face that must be considered,   
            the possibility of a biker to find the destination overcrowded and so the necessity in changing  
            his plan and looking for a new destination. This graph tries to catch this event and shows it by  
            means of a histogram in which appears the ratio between the number of bikes that have changed  
            destination against the others at every tick. 
 
• Active/Empty bike docking stations ratio: this graph shows the amount of bike docking stations  
            that could need additional platforms because there are not bikes available for hiring. Sometimes  
            it could happen that a whole bike docking station is under repairing and so this appears as   

empty even if it is inactive, so it is better to analyze each empty station in order to understand if 
it is active or not. 

 
• The user can also find some monitors that report the min/max values for two parameters:  
            number of times that a bike changes direction because of an obstacle and the distance to its own  
            destination. 
 
4.2 The code 
 
To see in detail the code I wrote, one has to go to the code section by clicking on the button at the top 
of the page, on the right hand. 
This tab is a set of instructions preceded by the name of the user-defined variables we are going to use 
in order to perform the simulation (e.g. bikes_avail_num or dist); to see all the procedures press on 
procedures. All the variables I used in the program are defined and well explained at the bottom of the 
code. Some procedures are created in order to give a better looking, which implies a better and easier 
comprehension of the instructions, while some others are directly involved in the user interaction, for 
example by clicking the setup button, the user starts the setup procedure. 
In this part of the paper I copy the code implemented and I explain it step by step. 

 



After clicking the setup button, the program proceeds in setting the variable called zoom to the value 1, 
in order to allow the user to see, as soon as it will be charged, the whole map of Turin, and clearing all 

what there is on the screen and resetting the counter of ticks to zero. These two commands are useful if 
the user has the intention to start the simulation more than once. At this point I set the color of the 
patches equal to white and I give a name to two difference shapefile maps, in particular I call torino the 
set of points that is contained in the Turin_map.shp and postazioni the dataset of Python upgrade then I 
let the draw procedure to start. 

 
This procedure starts with the death of a breed, which is the agent set made up of all the bike docking 
stations, that will exist only in the future. So why do we delete something that do not still exist? 
Because in the next steps we will add agents to this agent set and we will need they will be deleted 
every time we change the center of the map or the zoom, but to make the things easier, we will just call 
back this procedure. That's why I also clear the previous drawing. At this point I call a new procedure 
called setup-world-envelope that consists in: 

 
The aim of this procedure is to create the main envelope that will appear in the window of the interface. 
To do this I am obliged to call several functions written with the [gis] extension. The first line of code 
attributes the envelope of postazioni to the envelope of the world. The second and the third instruction 
of this procedure only needs to compute the center of the map dividing by 2 the sum of the coordinates 
with respect to both the axis. The following two lines of code are used to add the possibility to the user 
of having much more details on a portion of the map by increasing the value of the slider called zoom. 
Finally I set the new dimensions as the border of our world and set these dimensions as the final world 
envelope. 
Once I have computed the dimensions of the world we are interested in analyzing, I come back to the 
draw procedure and I make NetLogo to draw both the two maps: postazioni and torino with a line with 
thickness equal to 1 and respectively with two different colors: red and light grey. 
At this point I let two different procedures start: stations_creations and meaning. 

 



 
This procedure has the purpose of creating some agents, called bike_docking_stations, at the very same 
location of postazioni and adding to them some attributes we have upgraded by using Python before 
running this simulation. In order to get this result I create a temporary variable called location in which 
there are the coordinates of the first point of the shapefile map and I used these two values to create 1 
bike_docking_station at that position. Then I set the value of the attributes of the breed by reporting the 
values contained in the columns of the shapefile previously created. Finally I add a shape, a color and a 
size to the symbol that characterize my bike_docking_stations on the map and I distinguish them 
according to the number of available bikes: a flag if there is a number of bikes grater to zero, a x 
otherwise.  
I called meaning a very small procedure which has the goal of warning the user whenever the 
simulation is non-sense because of an inappropriate choice of the area under analysis. 

 
Whenever the world is made up of zero or one bike docking station than an error message appears to 
the user. These two possibilities are inappropriate because the world would be full of people wanting to 
hire a bike without having a destination or having people without the possibility of hiring bikes. In this 
last case, bikers have no the possibility of returning the bikes there are riding. 
The code goes on by giving the user the possibility in changing the center of the map, and this is the 
code used to get it: 

 
Notice that click_into_the_map is the procedure is automatically launched whenever the user pushes 
down the button with the same name. If the button is pushed then the user has to choose a point of the 
map in the world and clicking on it. The first line let this procedure check every 0.01 seconds if the 
user has chosen a point on which paying the attention. If this happened than the program set the new 
center on the very same point chosen by the user and in doing this it has to compute once again the size 
of the patches. This is necessary to avoid distortions in the map by stretching the map along the two 
 axis.  



At this point the part of the code about the construction of the map and the creation of the bike docking 
stations ends and I will focus on the management of the agents and their movements and the 
creation of the people looking for a  bike. 
So the code goes on with: 

 
This procedure can be executed from the user by clicking on the button called show_streets if he/she is 
interested in visualizing on the map which patches can be considered as streets and which not. It is a 
really important point for the whole simulation and, as I showed in the introduction, there are few bugs 
that do not depend on the code but on the information contained in the QGIS map. Notice that these 
bugs have a really small probability of happening and they do not compromise the whole simulation.  
If the user should decide not to let this computation by clicking the button, this procedure will 
automatically executed later on because it is necessary in order to move in the right way the bikes on 
the map. Let's analyze in details the commands of the code: whenever the user clicks the button a 
counter is increased of 1 unit and an ifelse command control its value. The idea is that when the counter 
is odd then the streets are colored with red, while if the counter is pair then their color turns off to white. 
This allows the user to switch on or off the color of the streets just repeating the click. The aim of this 
piece of code is executed by executing the set_streets procedure, which consists in assuming all the 
patches are streets and then removing from the whole set that particular patches whose intersection the 
the QGIS map torino gives a positive result. This positive result means that the patch is positioned or 
on a border or into an obstacle as buiding, park, river etc and so cannot be considered as a street. All 
the patches which do not intersect the torino map can be considered as patches belonging to streets. 
At this point the code goes on with the creation of the agents involved into the simulation according to 
the intention of the user that has to choose the right number of either bikes or people. These values 
must be entered by means of the slider and then by pushing down the buttons on their right sides, called 
respectively add_bikes and add_people. So, before proceeding with the simulation itself, let me 
introduce the code of these two buttons: 

 



This procedure verify the existence of the streets, if they already been exist then the code skips the first 
line set, for the agents we are going to create, as default shape the bike, then it starts to create as many 
bikes as we selected with the slider and attributes to each one of them some values: counter_touch = 0 
means that the bike has not bumped into an obstacle yet, new_arrival = false characterizes the bikes 
that have been created with this procedure, while the bikes that at the beginning were people and then 
had the possibility to hire a bike appear as new_arrival = true. The last four lines just need to give a 
bigger size to the shape previously chosen, then all the bikes are spread around but paying attention not 
to put them on the borders. Finally a random destination is selected among all the possible bike docking 
stations and the direction is set towards it. The command pen-down only needs let appear the path 
followed by each bike. A very similar code is used in creating people, I will analyze only the few 
differences among them: 

 
The shape chosen to represent the people is not a bike but is a person and the size of it is a little bit 
smaller than the bike’s one. People have an additional variable with respect to the bikes, they own not 
only a destination but also the starting point, which is called docking_stations. This is due to the fact 
that people are thought to appear directly to a bike docking station, in a random way, and then it is 
important their destination is different from the bike docking station they are hiring a bike. To do this, I 
created a while cycle in which the destination is randomly chosen but imposing to be different with 
respect to the starting docking station.  
The last line of this procedure counts the number of people waiting for a bike at each bike docking 
station and reports this value to the attribute people_waiting. 
Whenever the user starts the simulation he/she implicitly executes three different procedures and 
increases the tick by 1 unit: 

 
I'm going to explain them one by one. 

This procedure start by calling another procedure which prevents the possibility for a bike to escape  



from the world or, alternatively, not to find a way to flee from the very small streets close to the 
borders. This is how it works: 

whenever the bikes is very closed to the borders (less the two patches), it has the possibility to jump in 
a radius of ten patches to another street that is a little bit far from the borders. Then the bike set its 
direction randomly. As I said before this procedure is executed only if there exist bikes that verify the if 
conditions. Bikes_movement procedure goes on by implementing the code used in moving the bikes. I 
try to explain it in the easiest way as possible: each bike owns a counter_touch that allows me to count 
the number of times it has found an obstacle. The behavior adopted by the bike in choosing the 
direction depends on this number: if this value is pair then the bikes tries to reach its destination setting 
its direction directly towards its goal, while if  it the counter_touch is odd the bike chooses randomly 
the direction. So only the half of the movements are rationally oriented. The others movements are 
necessary in order to avoid the obstacles, moreover, at each step the bikes control if they have the 
possibility on going on without crashing into a wall. It the patch ahead is not an obstacle then the bike 
will move on, otherwise it makes a step back. Whatever is the situation, the counter_touch is increased 
by 1 unit if the patch ahead is an obstacle and also the bike_time is increased.  

 
These lines of codes are referred to the people the user can have eventually created. It controls if the 
streets have already been computed, if not it launches the procedure set_streets. At this point the code 
goes on looking for the existence of people waiting for a bike and it distinguishes what to do according 
to the availability or lack of bikes at the bike docking station, the people is waiting for. If 
bikes_avail_num > 0 then the bike docking station can provide the person waiting a bike and the person 
change is breed from people to bikes, assuming all the attributes a bike agent has but setting 
new_arrival true in order to keeping in mind his past as people. The first three lines adjust the bikes 
number situation, the docking availability and reduce the number of people waiting. If there is a person 
waiting for a bike at an empty bike docking station then his wait_time is increased until a biker returns 
his bike to that bike docking station.  
The last procedure is the following: 

 
This procedure is responsible in calculating the distance between the bike and its destination and as  



soon as this is smaller or equal to 15 patches then the bike is automatically moved to the bike docking 
stations and considered returned if there is the availability of a free parking otherwise it will change 
destination. The first five lines into the if cycle just need to change the shape of the bike docking station 
whenever it converts his status from empty station to station with a positive number of bikes. 
 
5. Conclusions 
 
Let’s start with some simulations and let’s comment some of the possible results. 
The first case is a simulation made on the whole envelope, that corresponds to not modify neither the 
zoom, nor the area under analysis. I decided not to add too many bikes, in order to obtain a map which 
is simpler to read and to analyze. Notice that my upgrade date was November 15, 2014 at 16.55.  

This is the starting point of my 
simulation, I chose to add 30 bikes and 10 
people. It is interesting that in this 
moment there are only 3 bike docking 
stations that are without bikes, and 
analyzing their situation I can desume 
they are out of order because all the 
parameters upgraded by menas of Python 
are equal to zeros. If I do not want to 
count all the x appearing in the screen, I 
can refer to the outcome:  
 
 
 
 
 
 

All the working stations own bikes to be hired. Sometimes, it can happen that some bikes are 
positioned at the right bottom of the map, where the streets are not so linear. In this case, it could 
happen that some of them accros some patches that are not streets, this is due to an error in the code 
that I decided not to fix because is not so relevant for what concern our simulation. The reason is that 
without zooming-in, in that area some streets are made up of only few patches because of an error in 
the QGIS map. 
So let’s the simulation start and let’s see what happen to the outcomes 
after different moments in time. 
This is what I got after 1 tick: 
It says that all the bikes and all the people are still existing and that all the 
people have found a bike. This is important in order to verify if the 
system is efficient in the sense that not so many people waste their time 



waiting for a bike to hire. This information is supported by other indicators, 
like the graph on the right hand. It shows with a more sensitive scale on the 
axis the number of people waiting, this number in our simulation is equal to 
zero. 
Another indicator that confirms my thesis is given by the following graph: it 
makes a comparison between the number of people that found a bike and 
that are still riding it against the number of people waiting for it. In this case 
it is an additional indicator because the total amount of people waiting is 
equal to the bar on the right side of the graph.   
It could be interesting to know the exact time spent by a waiting person, 
having one tick as unit, at a bike station, so I decided to report the 
maximum value. I say this, because this instrument can be also used to 
confirm the fact that there are no people waiting, infact its value is: 
If I am interested in considering if the bike docking stations are well positioned among the map, I have 
to verifie that the distance a bike has to perform to reach the destination is not so high, and moreover it 
has to decrease tick by tick. To verify what I just said, I created a graph that reports the distances 
divided into 3 bars according to their value. This is the result:  

Tick by tick we should see an increment in the number of the bikes which are 
near their destination and the opposite for what concerns the bikes which are 
far. 
This is a good way to verify if the code used for the movement works well or 
not. Furthermore, it is important to notice that the random component 
existing in the movement decisions, is deeply affected by the kinds of streets 

the bike has to ride. The main roads are usually larger and quite linear, so the distance can be easily 
crossed, while the smaller roads can be affected in a bigger way by the randomness. That’s why I add 
two reporters that show the huge difference between the best and the worst cases. In our example and at 
the first tick we have:   and considering that the world is a square of 
dimensions 460 x 460 patches it means that the bike with maximum 
distance has to cover almost the whole diagonal, full of obstacles. 
Another indicator that underlines the importance in the linearity of the 
path is given by the number of times a bike has bumped into an obstacle. I reported the worst and the 
best cases but I do not show them now because they have sense only for bigger ticks. Finally the last 
outcome, is given by the following graph: 

As above it has sense only after a while that the simulation is running 
because it shows the number of bikes that have reached their destination but 
that have not had the possibility to park because of the lack of free dockings.  
The explaination on the outcomes is ended. 
I am going to show the same simulation after 250 - 750 -3000 ticks in order 
catch the differences from the starting point. 



 



The simulation is working in the right direction, the number of bikes is decreasing, it means that a part 
of them has reached its own destination without problems of lack of parking. The method used in the 
movements is not optimal but works well, the distances have slowly moved from higher distance to 
smaller ones, it says that bikes are nearer to their destinations. The others graphs are almost unchanged 
because nobody has increased the number of bikes or people in the simulation. So I will do it right now 
by adding 50 additional bikes and 40 people, in order to see the system overcrowded. I will report the 
final situation considered after 5000 ticks to see a deep change in the simulation. 

 
The vertical line that appears in the N° of total bikes graph represent the increment of 50 bikes and 40 
people into the simulation. By adding a so big number of people it appears a new phenomenon, the bike 
sharing is overcrowded and we have, on one side few people waiting for a bike, in particular the worst 
of them has already wasted 2000 ticks, and on the other side there are few bikes that have changed 
destination because of bike docking stations with no available parking. 
Similar considerations can be obtained considering a smaller area, I leave it to the reader. 
 
6. Final considerations 
 
This program could be used in improving the [TO] Bike network during some particular events held in 
the city of Turin, such as concerts, international meetings, art events, football matches and so on… 
because in these days the number of people in Turin could differ from the average value and this can be 
referred also to the users of the bike-sharing system. So I think it could be useful to implement several 
simulations using data recorded during the historical above mentioned events. It could be necessary to 
add some bike docking stations next to the area interested by the occurrence or to increase the number 
of bikes to guarantee the optimal setting of the [TO] Bike.    
 


