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1 Introduction 
 
In work package 7, a highly distributed, modular Simulation Framework is developed to 
test, analyze and improve the performance of Intermodal Mobility Assistance (IMA) 
system. Based on multi-agent paradigm, the developed simulation framework is utilized 
by using JIAC 5. The agent-oriented architecture provides high flexibility and scalability 
for the simulation environment. Besides, by means of the distributed nature of the 
system, it becomes possible to execute large amount of simulation runs in parallel. This 
report describes the structure of the simulation framework in detail, which is developed 
to perform time and cost efficient testing of the IMA application.  
 
The simulation framework can be decomposed into different use cases as listed below:  
 
Comparability: The simulation environment demonstrates the behavior of road users 
pretending to navigate in a city. With the developed framework, the simulated road 
users are both able to make use of the IMA routing algorithm and follow a native 
routing approach to reach their destination. This feature provides the comparability of 
routes suggested by the IMA system and the routes obtained by using native model. In 
addition, the performance of the IMA system can be compared to other routing 
alternatives, i.e. Google maps, Bing Maps, BVG app.  
 
Mass Simulation: One of the interesting features of the developed simulation 
framework is the ability to perform mass simulation. By using this capability, a large 
amount of simulation runs can be requested and started at once for different user 
profiles. Running a massive user simulation allows an opportunity to identify parts of 
the IMA system that need to be improved.  
 
IRA: Being an important component of the IMA system, Intermodal Routing Assistance 
(IRA) can be integrated and demonstrated in the simulation environment. By using the 
functionality provided by the IRA, the actual and planned progress of a user can be 
compared during the run time of the simulation. When the deviation between the 
actual and planned progress becomes higher than a pre-defined threshold, a re-
computation of a new route can be initiated.  
 
Incident: As another use-case, pre-defined incidents can be incorporated to the system 
to be considered during the simulation of a road user. By using the user interface of the 
IMA, the progress of the simulated user can be monitored. Resulting from the added 
incidents, a re-planning is triggered. New route alternative with new way-points is sent 
to the simulation framework to be followed by the user to reach the destination by 
avoiding the incident. This feature of the simulation provides to analyze the automatic 
guidance and dynamic re-planning of IMA system as a response to the inserted traffic 
situations.  
 
 



2 System Architecture 
The simulation framework has an agent oriented architecture which is developed by 
using the latest version of the “Java-based Intelligent Agent Componentware” (JIAC 5). 
Each of the simulation components is implemented as a software agent. The developed 
agents, communicating with each other, are assigned different functionalities to be 
performed during the simulation process. In addition, a GUI component is implemented 
which allows a user to interact with the simulation framework. The User is enabled to 
configure, start a simulation scenario and view the results by using the GUI.    

 
Figure 1: Overview of the whole IMA-System with the Simulation Framework using Asgard 

2.1 Component Description 

2.1.1 Simulation Agents 
 
The Simulation Framework follows a strictly distributed approaches. During the 
evaluation of an early draft of the Framework, we realized that in order to be able to 
perform a big number of simulations at once, we need to incorporate more than one 
machine into the simulation process. Despite the fact, that spreading out the work 
across several computers will be harder to implement and will certainly introduce a lot 
of management overhead, the upside of being able to horizontally scale the system was 
reason enough.  
 
It was decided that the Framework should follow a hierarchical pattern. Having a central 
point of interaction for the rest of the system lets other components not incorporated 
into the simulation ignore the distributed nature. From their point of view, there is only 
one simulation agent running. The Simulation Agent takes this role of the entry point for 
simulation requests.   



 
In order for the simulation Agent to know which machines (or simulation nodes) are 
incorporated into the simulation, a second agent, the Simulation Node Manager agent 
has been introduced to the system. Each simulation node is managed by one of these 
Managers. Their job if to start the actual simulation and the termination of those.  
 
The Simulations themselves are also represented by software agents. For each 
simulation currently running, there will be one Atomic Simulation Agent running, taking 
care of the user model and performing the actual movement of the user through the 
city. 

2.1.2 Database Agent 
The Database Agent consists of two components. The Database Agent itself, and the 
actual database running in the background. The Database Agent serves as the 
intersection between the multi-agent-system and the Database itself. It abstracts from 
the database queries to offer a more sophisticated way of accessing the database.  

2.1.3 SimulationGUI/HAI-Agent 
The SimulationGUI and the HAI-Agent are mainly responsible for the interaction of a 
user with the simulation framework. The SimulationGUI is used to configure and start a 
simulation scenario by entering all the required input parameters. The request, defined 
by GUI, is sent to the simulation engine running at the back end by means of the HAI-
Agent. Furthermore, the HAI-Agent is used to transmit the simulation results from 
software agents to the GUI.  

2.1.4 SimulatedServices Agent 
The SimulatedServices Agent enables to instantiate and deploy a simulated mobility 
provider. It utilizes the functionalities of the simulated mobility services integrated into 
the framework during the simulation procedure.  

2.2 Communication Flow 
 
In the following Section, we will exemplarily present the information flow for a 
simulation request.  
 
At first, the User issuing the simulation request has picked his or her simulation 
parameter in the Simulation GUI. After the “simulate” button has been pressed, the 
data from the ui is gathered and send to the backend by a simple XMLHttp-request. This 
request is received by a grails-controller running on the server. This controller then uses 
its instance of the HAI-Agent  to introduce the message into the Multi Agent System. By 
using simple JIAC-V Actions, the simulation request is then sent to the Simulation Agent, 
where the initial preparation of the request is performed. Also, a message to the 
Database Agent is sent,  requesting a new RouteSet ID for the current Simulation run. 
After the Simulation is prepared, the actual requests for starting the desired number of 
simulations are sent out the the Simulation Node Managers. The Managers themselves 



then instantiate the new JIAC-V Atomic Simulation Agents for the simulations and 
assigns them the specific simulation run. After they are fully booted, they start receiving 
regular time updates from the Node Managers, which reveices their time from the 
Simulation Agent. Also, they start requesting their routes from one of the available 
route finding sources. 
After the Atomic Simulation Agents have completed Simulating, they gather the results 
of their simulation and send them to the Database agent, where the routes are 
evaluated and stored in the database.  
 
After this is done, the use may request the simulation results from the database.  
 
 
 
 
 
 
 
 
 

3 Simulation Models 
 
In this section we will describe the models used to describe the user and the 
infrastructure this user is interacting with. The challenge in developing these was to 
keep as much of the original models from the IMA-system working, as the framework 
relies on seamless integration into IMA. We therefore stayed close to the original user 
representation and added functionalities on top in case they were needed. 
 
This section is split into the user model, the infrastructure model and the database 
model.   
 

3.1 User Model 
The Actual user is modeled by the Atomic Simulation Beans provided by the framework. 
Although there are two types of beans available (Fixed- and FreeRouteSimulationBean),  
hey share the same representation of a user. A user of the system is represented by two 
sets of properties: 

1. Static Properties 
2. Dynamic Properties 

The Static properties include all features of a user that do not change over the course of 
the simulation, but are either needed for interaction with the IMA system or for 
initialization of the simulation. These properties include informations like the users 
name, the users mobility preferences, login credentials and session tokens as well as the 



simulation mode.  The Dynamic properties are those which change during the 
simulation. They are used to track and control the progress of the user. They include the 
current position, the way points, the current vehicle, the current time and the state of 
the simulation. 
 
The Simulation can be seen as a state machine (see Figure )Each state represents a state 
a possible user might be in during the usage of IMA:  
 

1. Started: The User has made his mind up about his starting point and destination 
and starts using the system. In this state, the simulation received the necessary 
informations and initializes itself. 

2. Waiting for Route: When the simulated User does not have a route specified in 
the beginning of the simulation but is intended to have, it switches to this state 
to gather its waypoints. The real-world equivalent would be the state, in which 
the user is searching his route with the IMA or any other system. 

3. Simulating: In this state, the user is actually moving along the desired paths. The 
simulation switches to this state when a route is available and all initialization is 
done. It steps forward along the route until it either finishes or new waypoints 
need to be integrated. 

4. Waiting for Replanning: The Simulation switches to this state, when the IMA-
system detects a better route for the user to take. The simulation progress is 
halted and the user waits for the new route to arrive. When finished, the 
simulation adjusts its waypoints accordingly. 

5. Retrieve More Waypoints: The Simulation moves on to this state, when the 
route is not known beforehand. It tries to gather the next waypoints to be taken. 

6. Finished: The simulation ends, when the user reaches his final destination. This 
state may also be reached due to a critical error in any of the other states. 

 
Figure 2: State Diagram of the User 



 
 
 

3.2 Infrastructure Model 
The infrastructure model covers the virtual environment where the simulation takes 
place and the simulated users move on. The journey of a simulated user is tracked on 
the roads provided by the integrated Open Street Maps (OSM). Only a part of the world-
model is provided by the surrounding system to the simulation. The information about 
the infrastructure surrounding the user includes the route to be taken (list of geo-
positions), the vehicles need to be taken throughout the journey and the estimated 
arrival times at the waypoints. Simulated users, utilizing free routing approach, find out 
more infrastructural information during their journey by contacting other components 
of the IMA system. For instance, the “Mobility Services” can be used by the free routing 
process to gather information about the route without building the complete world 
model.      

3.3 Incident Model 
The incident model can be seen as part of the Infrastructure model, as the incidents 
themselves directly interact with the Infrastructure. It  offers the possibility to create 
three types of incidents, namely delay, stop and wrong turn incident. Furthermore, the 
occurrence type of the inserted incident can be selected which describes the way it is 
applied to the running simulation. There are three occurrence types considered for the 
created incident, which are based on time, location and probability. The time 
occurrence can be defined as either by adding time stamps or entering percentage 
values from the GUI. The time stamps indicates the times at which the incident occurs 
during the simulation run. As another way, user can specify percentage values, 
indicating at what percent of the simulation process the incident occurs. When the 
location is selected as an occurrence type, the user can select point locations from the 
open street map where the incident occurs. As a third option, the occurrence type can 
be defined in terms of probability. It indicates the possibility of the created incident 
type.   
 



 
Figure 3: Schematic representation of the hierarchy between the simulation components 

 

4 Simulation Engine 
 
As already stated earlier, the simulation engine makes extensive use of software agents. 
The general structure of the agents mentioned in 2.1.1 is shown in Figure 3. The idea 
behind the shown hierarchical structure of the components was the reduction of 
interfaces for connections with other ima components. The Tree-like component 
structure offeres us the possibility to the abstract the Simulation process behind simple 
interfaces while keeping the distributed nature of the system intact. Also, through the 
use of Software agent, it felt natural to choose a modular approach over a monolithic 
one.  
In the following sections, we will describe each of the simulation components in details, 
giving informations about the core-concepts behind their implementations and giving 
insight into the thought process behind the decision made.  

4.1 Simulation Agent 
 
The Simulation Agent forms the Head of the simulation Framework. It sits at the top of 
the Management hierarchy and therefore is only allowed to be present once in the 
System.  It is responsible for the management of the global simulation time, provides 
interfaces for other components to interact with the simulation framework and takes 
care of the fair allocation of simulations across all simulation node managers.  
 
 



The Simulation Agent serves as the “Head” of the simulation hierarchy.  As a primary 
task, it manages the global simulation time. The global simulation time is regularly sent 
to the node managers by the Simulation Agent. Subsequently, the node managers notify 
their simulations about the change in time. The interval, in which the time updates are 
sent, can be configured at runtime or with the configuration file. In addition, every time 
the updates are sent, the Simulation Agent requests the status of the node managers. 
The status information includes the cpu-load of the node managers and the number of 
running simulations on them. Another important task of the Simulation Agent is the fair 
allocation of simulation request to the node managers, which is realized by using the 
received status information. The load factor of each node manager is calculated by using 
the cpu-load and respective simulation count (see Figure 4). Node managers with lower 
load factor have a greater chance of being assigned a simulation. This enables the 
Simulation Agent assigning more simulations to stronger computers, while also not 
ignoring the machines with high cpu-load. As a result, the simulation runs are more 
evenly distributed among several machines. 
 
 
 

𝑙𝑜𝑎𝑑(𝑛, 𝑥) =
𝑛

(1 − 𝑥)2
  

Figure 4: Calculation of Load Factor, where n:= the Number of simulations on this node and x:=the current  
CPU-load of the node 

 

4.2    Simulation Node Manager Agent 
 
The Simulation Node Manager Agent is used to determine which computers to be 
incorporated into the simulation and it manages all the different nodes. It is responsible 
for starting, stopping and managing simulation runs. By using the JIAC-Framework, it 
finds a Simulation Agent in the network and registers itself to the simulation. When the 
registration is completed, the Simulation Agent begins to send regular updates to the 
Node Manager Agent. Once the Simulation Agent receives a request to start the 
simulation, the Node Manager Agent starts the appropriate Atomic Simulation Agent. 
Based on the received simulation request, the Node Manager determines which Atomic 
Simulation Agent to be instantiated. When the simulation is finished, the Node Manager 
Agent shuts down the corresponding Atomic Simulation Agent.         
 

4.3    Atomic Simulation Agent 
The Atomic Simulation Agents that get instructions from the Simulation Node Managers, 
perform the simulation of a single user who is navigating through Berlin. During the 
journey, the current position, simulation time, route taken, vehicles used and possible 
delays are recorded by these atomic simulation modules. There are two types of beans 
attached to the Atomic Simulation Agent, namely Fixed Simulation Bean and Free 



Simulation Bean. Which bean is attached, is determined by the desired simulation 
behavior of the simulated user.  
 
The Fixed Simulation Beans are started when the route is completely known. They 
simulate the routes computed by the IMA system or any other integrated route finding 
solution. In the case of Free Simulation Bean, the journey of a user is started without 
knowing the complete route beforehand. The simulated user finds its waypoints during 
the run time by utilizing different simulation strategies, which represents native routing.  

5 UI-Level 
 
A web based graphical user interface (GUI) is developed as a component of the IMA 
simulation framework. By means of the developed front end prototype, user becomes 
able to interact with the simulation framework, create different simulation scenarios 
and manage the simulation process. Besides, GUI displays quantitative information and 
visual charts to present the simulation results. In doing so, it provides to make an 
analysis and evaluation about the performance of IMA routing system. The developed 
graphical front end consists of four main parts, which are represented in four different 
tabs, namely Simulation, Status, Evaluation and Configuration (see Fig 1).  

5.1 User Interface 

5.1.1 Simulation 
The first section of the UI layer, called Simulation, provides the functionality to create a 
simulation scenario by entering required input parameters and to start the simulation 
process. In this section of the graphical user interface, a massive user simulation can be 
initialized by defining its properties. After the required properties are specified, a great 
number of simulation runs can be started at once. 
 



 
Figure 5. Graphical front end to test and evaluate the IMA system 

 
The required input parameters to define and start a massive simulation can be listed as 
follow:  
 

 Route set: User needs to define a start and target area on the map (see Fig 2). 
Then, start and end locations are picked randomly within these user defined 
areas. The matching between these start and end locations form a route set.     

 Route set label: User needs to enter a label for the route set. 

 Simulation users: Various user profiles with different preferences, objectives and 
transportation priorities can be selected form the list of all simulation users 
stored in the database. 

 Number of simulations (routes): The number of routes needs to be entered by 
the user, which corresponds to number of randomly picked start and end 
locations inside the selected areas on the map. 
 



 
Figure 6. User defined start (green circle) and target (red circle) areas to create a route set. 

 
In addition to these required parameters, there are two optional input parameters that 
user can specify before starting the simulation, namely simulation services (Fig 3) and 
incidents (Fig 4). By using the file upload mechanism in the graphical user interface, user 
is allowed to select a file from a local folder and integrate the file to the simulation 
environment. The selected files, predefined as an XML structure, can either represent a 
mobility service or an incident.  

 
Figure 7.  Running mobility services  

during the simulation.  

 

 
Figure 8. Incidents incorporated to the 

simulation.

The running simulated mobility services and the incidents integrated to the system can 
be seen as a list on the Simulation tab as shown in Fig 3 and Fig 4 respectively.  
 
With the help of this mechanism, the user can instantiate and deploy a simulated 
mobility service. The mobility services are connected to the IMA system and can be 
considered by the IMA system. However, they are avoided to be used by the real IMA 
system. During the run time, each of the simulated mobility services can be 



demonstrated on the graphical front end. For instance, user is allowed to see the free 
vehicles or stations of the running mobility services on the map. Additionally, the 
simulated mobility services can be discarded from the simulation environment and 
removed from the list by pressing the stop button.  
 
Likewise, the predefined incident descriptions in XML structure can be selected from a 
local folder and incorporated into the simulation by using the same mechanism. 
Different incident types (delay, stop, wrong turn, etc.) can be integrated to the 
simulation to trigger and observe the re-planning functionality. As in the case of the 
simulated services, each of the incidents can be removed from the framework and from 
the list by pressing the remove button.  
 
The created simulation scenario can be executed from the Simulation tab. As the user 
presses the simulate button, all the input parameters are sent to the simulation engine 
and the framework starts simulation for each route defined in the route set considering 
each selected user profile.  

5.1.2 Status: 
After the simulate button is pressed, the user interface automatically switches to the 
next tab, namely Status. By means of the Status tab, the progress of the started 
simulations can be observed for each selected user. The status value (progress) is 
displayed on a slider for each of the selected user as a percentage value. Once the 
simulations are finished, the results are stored in the database.  

5.1.3 Evaluation: 
In the next section of the graphical front end, namely Evaluation, the user is allowed to 
see the comparison of different routing approaches. First, the user needs to select a 
route set label from the select list. Then, the comparative results are displayed as a 
table view and on a chart corresponding to the selected route set. Different routing 
approaches, based on different user profiles, are compared using three categories: the 
duration of the simulations (min), the Co2 emission and the cost of the route.  

5.1.4 Configuration: 
The last part of the developed prototype, namely Configuration, provides to manipulate 
user profiles, create various incident scenarios and different customized simulation 
services.  
 
First of all, this tab allows to see and manipulate the user profiles which are already 
stored in the database. The preferences (in terms of time, Co2 and cost), transportation 
priorities (car sharing, own vehicle, public transport, etc.) and the selected mode of the 
transport (uni-modal or multi-modal) of each simulation user can be seen, changed and 
updated.  
 
In addition, different incident scenarios and customized simulation services can be 
created by entering the required parameters. Based on the configuration, both incidents 



and customized mobility services are created as an XML structure. These definitions of 
incidents and services can be saved as a file on a local domain. XML files (representing 
either simulation service or incident) saved on the local folder can be incorporated to 
the simulation framework by means of the mentioned file upload mechanism used in 
the Simulation tab.   

5.2 Web Technologies 

5.2.1 Client-side 
The client side of the simulation framework mainly consists of three interconnected 
sections, namely HTML, JavaScript and CSS. The structure of the tabs is constructed by 
using various HTML components. By referring to CSS, each section of the UI layer and 
the view of the HTML elements are designed.  
 
The JavaScript codes implement all the essential functionalities of GUI on the client side 
of the application. It includes various functions that are invoked when the user interacts 
with the HTML elements placed on each tab. The dynamic behaviors of the GUI 
elements are defined by the JavaScript functions and executed by the web Browser. 
Main functionalities of the JavaScript in the UI-side of the IMA-Simulation can be 
summarized as below: 
 
Considering the Simulation tab, a set of input parameters entered by the user via HTML 
components can be assigned to different variables in the JavaScript. These user defined 
input parameters include the simulation user IDs checked from the select list, meta-
information such as route set label and the number of simulations. The content of the 
input data can be received by JavaScript functions by referring the ID of each HTML 
element. Besides, user can add an incident as an optional input parameter by using the 
file upload mechanism implemented as a JavaScript function. In addition, the start and 
target areas can be selected by using the Google Map specific functions implemented in 
the JavaScript. The central geo-locations and radius of both selected circular regions on 
the map can be fetched by the JavaScript. As a result, JavaScript is able to receive and 
store each of the input parameter configured on the front end to start a Simulation 
scenario. When the “Simulate” button is pressed, all these input parameters 
represented by different variables can be sent at once to the Simulation Engine by 
invoking an event-triggered function implemented in JavaScript. During the run time, 
the user is able to integrate the simulation services by using the file upload mechanism 
implemented in JavaScript. The relevant data concerning each simulation service can be 
received from agent side by JavaScript functions to be represented on GUI.   
  
As the created simulation scenario is started by sending a request from JavaScript to the 
back end, the GUI switches to the Status tab. By means of the function implemented in 
JavaScript, the progress of the simulation runs for each of the selected user is retrieved 
from the agent side. The retrieved simulation progress by the JavaScript function is 



passed into the corresponding slider components placed on the Status tab to be viewed 
as a percentage value. 
 
When it comes to Evaluation, the results of the Simulation runs can be fetched from 
agent side and represented on the front end by using the functions implemented in 
JavaScript. On the Evaluation tab, the user is able to select a Simulation scenario from 
the list of scenarios which are already completed. Subsequently, the results 
corresponding to the selected Simulation scenario can be obtained from the Database 
Agent and sent to the front end prototype via JavaScript functions.  
 
 In the Configuration part, the user profiles can be modified and updated by using the 
JavaScript. The manipulated simulation profiles on the front end can be sent to back end 
agent side from the JavaScript functions to be restored in the Database. Additionally, 
implemented JavaScript functions provide to create different types of incident scenarios 
and customized mobility services in XML structure. User is able to save the created 
incidents and mobility services to the local domain by using the file saving mechanism 
implemented in the JavaScript.  
 
Another important functionality of the client side provided by JavaScript is the AJAX 
communication. By means of AJAX methods implemented in the JavaScript, an 
asynchronous communication with the server is accomplished. The requests with the 
required data are sent from JavaScript to the corresponding Controller by means of 
AJAX functions. Then, the controller action passes the incoming request to the agent 
side by using the HAI agent. In addition, AJAX functionality is used to receive data from 
the back end by referring to corresponding Controller actions. For instance, once the 
user selects a simulation scenario on the Evaluation tab, all the relevant dataset (i.e. 
Routes, Atomic Routes, User IDs, Ratings, etc.) are obtained on the JavaScript side by 
means of AJAX communication. The received dataset is then used to represent 
evaluation results on the UI. The AJAX functionality of JavaScript allows to receive data 
from the server and update the front end view without reloading the web page.  With 
the use of AJAX, the JavaScript does not have to wait for the server response. Rather, it 
continues executing other functions coming up next until the response is ready to be 
processed.   

5.2.2 Server-side 
The Grails Framework is integrated on the UI side which provides a development 
environment for web server applications by following the MVC pattern. With the 
integration of Grails, the Groovy Server Pages (gsp) are used to handle how the data is 
viewed on the GUI. The gsp file contains all the HTML components to be displayed on 
each tab of the Simulation.  
 
In addition, the Controller classes are created by means of Grails, which are written by 
Groovy code. The controllers are used to handle the requests of the user and maintain 
the connection to the back end of the Simulation framework. If necessary, the input 



parameters sent from the JavaScript are converted to the appropriate format such that 
they can be sent to the back end via Controller. A method of HAI Agent Bean, called 
“invokeAndWaitForResult”, is used inside the Controller to render all the input 
parameters to the agent side together with an Action name that needs to be invoked. 
Then, the specified Action is found and invoked at the back end (multi-agent side of the 
Simulation) by passing all the required input parameters. On the other hand, the 
Controller class is used to fetch data from the Simulation database by means of HQL 
queries. The defined HQL query statements are sent to the back end side with the 
required Action name again by using the method of Hai AgentBean. The data retrieved 
from the Database is passed to the gsp through JavaScript to be displayed on the GUI.  

5.2.3 Hai-Agent 
The Human Agent Interface (HAI) Agent is used to realize the interaction between the UI 
side and the multi-agent side of the simulation framework. The HAI concept, which is 
implemented as a JIAC V agent, serves as a middle layer between UI and agent 
framework of the simulation. As an advantage, HAI Agent provides a clear separation 
between agent-specific functionalities running at the back end side of the simulation 
framework and the user controlled front end. With the use of HAI Agent paradigm as a 
mediator, the details and specific properties of the agent side can be hidden from the 
graphical user interface layer. In doing so, the UI side and the agent side can be 
developed without influencing each other. Another advantageous feature is that the HAI 
agent is not specific to any type of UI layer.  
 
The HAI agent concept is integrated within the context of Model View Controller (MVC) 
architecture. In the used MVC paradigm, the Controller component is modified which 
consists of two layers, i.e. HAI and multi-agent side. As a first step, user sends a set of 
requests from View to the HAI agent. Then, HAI agent converts the incoming requests 
into an agent message, inserts the required data and start searching for a suitable agent 
in the multi-agent system which is able to process the coming requests from UI. If a 
suitable agent is identified, the HAI agent forwards the messages into the agent system. 
The results, in response to the sent requests, are provided by the agent back to the HAI. 
If necessary, HAI agent updates the data model and informs the View to modify the 
page content based on the provided answer from the agent. 

6  The Simulated Services 

6.1 The Service Simulation Manager 
In order to properly test the simulation environment, a feature that allows to instantiate 
a (simulated) mobility service is implemented. The Service Simulation Manager Agent 
has been developed in order to instantiate, manage and deploy a simulated mobility 
service. It receives the request from GUI, describing which service to be instantiated and 
started. Upon receiving the request from user interface, it creates the corresponding 
Agent Bean. The created and started Agent Bean is applied to the simulation process, 
which includes the functionalities of the requested mobility provider. In doing so, the 



simulated services are connected to the IMA system. It is important to note that, 
although the created simulated services are considered by the IMA system, it is avoided 
that they are used by the real system. Thus, it does not affect the operation of the IMA 
system but considered separately. Additionally, the Manager Agent is able to send 
relevant information about the started simulated service to the GUI. When it is removed 
from the simulation environment by GUI, the Service Simulation Manager Agent 
terminates the corresponding simulated service.  

6.2 The Simulated Services 
The deployed simulated mobility services are substantiated in a file with an XML form 
and stored in a local domain. Each of the saved XML file represents a mobility service to 
be integrated into the simulation environment, namely Car2Go.xml, CallABike.xml, 
CiteeCar.xml or Flinkster Car Sharing.xml. The data inside these files include general 
information about the service such as service name, service provider, price type and 
price amount, etc. In addition, the data about the available vehicles offered by each 
simulated service is included inside these xml files. This data includes number, geo-
location, address and the state of the vehicles. All of those information representing the 
simulated services are passed to the back end Manager Agent and used to instantiate 
and deploy a mobility provider for the simulation framework.  

7 The Database Agent 

7.1 The Database Model 
The database for the simulation framework is built based on Hibernate, which provides 
object relational mapping framework. The general layout can be seen on Figure 9. As 
being a crucial component of the IMA Simulation, it stores all the user profiles involved 
in the simulation process with their different mobility preferences. Additionally, all the 
created route sets are defined in the database model and they are filled with 
corresponding routes. The routes are defined as the containers of single simulations 
sharing same start and end point. These single simulations inside the route containers 
differentiate from others based on different user profiles. The database model offers 
the possibility to store the results of each of single simulation, which are used in the 
evaluation of the system.  

 
Figure 9: Layout of the simulation database. 

 



7.2 The Database Agent   
The Database Agent mainly handles the connection to the simulation database. It serves 
as an interface to access the Database, which enables to update or retrieve any 
simulation data.  If necessary, it searches a specific user in the database and updates its 
preferences based on the changes made on the GUI. On the other hand, once the 
simulation of a user is completed, the results of the performed simulation are saved into 
the database by means of the Database Agent. The calculated ratings of each of the 
simulated routes are stored in the Database by using this interface. Additionally, it 
provides an interface to retrieve the results of any simulated route for the purpose of 
evaluation.    
 

 
 

8 Evaluation 
 
The Simulation Framework proved to be very helpful over the course of the project. It 
provided the developers an early possibility to test the system and showed errors in the 
implementation which would have otherwise been found during the field test.  
Apart from testing the interaction with the ima system, the framework also allowed for 
stress testing the planning component of the ima system. This led to an overall 
performance improvement of the system, as performance bottlenecks were identified 
early in the implementation process.  
Also, the evaluation of the planner and its routes was started during the course of the 
Project. Using the Framework, we were able to gather route data from different 
sources. These sources could then be compared to each other. This offered some insight 
about the use-cases, in which intermodal routing might be preferred to classic routing 
solutions. 
Figure 10 shows the result of a screenshot of the Simulation Gui comparing 5 different 
users.  
In the following, we will use the two modes (Single User Simulation and Mass 
Simulation)  to present two scenarios, the simulation could be used for.  

Figure 10: Exemplary comparison of 5 
different Users. 



8.1 Single User Simulation 
 
One of the most interesting feature of the IMA-system is the automatic guidance and 
dynamic replanning system. In summary, the system monitors the user as he progresses 
through the city on a predefined path. The users smartphone is used to track the 
position of the user. When a delay in the route is noticed by the monitoring component, 
a recalculation of the route is triggered. This dynamic recomputing in case of sudden 
changes in the traffic situation allows the user to avoid congested highways and 
irregularities in the public transport system.  
 
We used the simulation to emulate a real user moving through the city with his 
smartphone. To test the dynamic recalculation of routes, the simulation was configured 
to incorporate random delays into the simulation. After these delays added up to a 
certain threshold, a notification was sent to the simulation and the replanning is 
triggered in the backend. About 10 to 20 seconds after the simulation received a 
notification, the alternative route was ready to be sent. The user interface of IMA, which 
let us monitor the monitor the progress of the simulation as if it was a normal user, 
offered multiple choices for a new route. When a route was chosen, the new waypoints 
were transfered to the simulation and it progressed until the destination was reached. 
 
We tried this scenario with different simulation speeds (realtime, 2xrealtime, 
5xrealtime, 10xrealtime, 20xrealtime) and a varying number of simultaneous 
simulations. As expected, the monitoring system was not able to properly handle two 
users sharing the same account at the same time. Despite that, until now we were not 
able to find major performance problems in the monitoring system. Interestingly 
enough, we were not able to find a correlation between the speed of the simulation and 
performance of the monitoring component. 
 
This scenario allowed us to perform performance tests with the system, showing, how 
efficient the monitoring and communication paths are working, and also enabled us an 
opportunity to demonstrate the guidance system without a real person moving through 
the city. 
 

8.2 Mass Simulation 
Another important part of the IMA-system is the intermodal routing ability. With 
the simulation framework we were able to assess the quality of the routes 
provided by IMA. As a side effect, the mass simulation gave us important ideas 
of where the system performance could be improved. 
 
As mentioned earlier, the simulation supports different approaches to route 
finding. It can either use the IMA-systems routing component, use the 
google maps api or calculate the ways on its own. Using these routing approaches 
, we had the ability to compare the results of the IMA-routes with the other 



systems. A special web based user-interface has been designed to support the 
evaluation and initialization of the mass simulations. With this interface a 
user was able to define properties for a great number of simulations at once. 
In order to start the simulations, a user must provide: 
 

1. Areas of start and end points 
2. The users to be simulated 
3. A Label for the route set 
4. the number of routes 
5. The Simulated Services to be used 
6. The Incidents to be used 

 
After this information were passed to the simulation framework the simulations were 
started with the given parameters. The number of routes determines the number of 
different start and end points which were randomly chosen from the start and end 
areas. After a start and end point had been chosen, the framework started one 
simulation for each selected user. When the simulations were finished, the results were 
stored in the database. Simulations sharing the same start and end point were grouped 
together in routes (see Section 7.1) . After all simulations were finished, we could see a 
comparison of the different routing approaches. The routes were compared using 3 
different categories: the duration of the simulations, the CO2 emission and the cost of 
the route. Each of the atomic routes in a route were assigned a numerical 
representation of how well they performed compared to the others. This was done for 
each route in a route set so that we could see, how each routing solution performed. 
 
While executing this scenario, we were able to identify performance problems 
in the IMA-Router. By increasing the number of simultaneous simulations, we 
found that above a certain threshold, the router was not able to deliver any 
more routes. Due to the fact, that information about the simulations was 
stored in the database right after they were created, we could reproduce this 
behavior and had great success in improving the IMA-router. 
 
Also, we got insight in how the quality of the calculated routes compare to 
other solutions. The intermodal routes seem to compare very well against the 
other routing approaches. Currently, we only have done preliminary tests to 
identify performance problems. In future we plan on further evaluating the 
scenarios, in which the intermodal routing approach is superior to classic 
routing solutions. 
 

9 Conclusion 
The Simulation Framework for the IMA-System gave us insight into the behavior of the 
IMA-System under stress. We were able to simulate users interacting with the system, 



as well as those who do not use the IMA-System. The Distributed simulation framework 
was very well integrated into the surrounding system by making use of an agent 
oriented architecture. Being able to spread several simulations across several machines, 
gave us the possibility to run more test simultaneously, decreasing the total amount of 
testing needed. 
 
Also, the use of software agents allowed us to natively use the interfaces provided by 
the IMA-System for the user interactions. We were able to leave the IMA-Systems code 
mostly untouched. This also resulted in less effort for testing and evaluation. 
 
Although the distribution of the simulations enabled us a higher amount of simulations 
in parallel, a smaller system with a lower count of simultaneous simulations would not 
need such an approach. Even worse, implementing each simulation as an own JIAC-
Agent introduced a lot of computational overhead. In order to compensate for this 
overhead, the system needs to be distributed. 
 
We have put great effort into a modular system, where as much of the system as 
possible could be reused in other contexts. We've managed to keep the core of the 
system independent from the IMA-System. The only parts, depending on other 
components, are the interchangeable beans. Due to the strictly defined interfaces 
between the Atomic Simulation Beans and the rest of the framework, it would be easy 
to develop a different usage scenario. The basic concept of the time-step based 
simulation could be translated to different use-cases. 
 
The Framework can be adapted to a lot of other applications which heavily rely on user-
interaction. As the key-part of the simulation (the Atomic Simulation beans) is only 
loosely coupled with the rest of the system and only via strict interfaces, it is possible 
the interchange these with components suitable for other applications. 
 

 
 

 


