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Abstract—Computer simulation software is an essential tool for 
efficiently simulating complex processes. Construction 
Oriented Simulation MOdelling System (COSMOS) Simulator 
is a program developed specifically for simulating models 
created using COSMOS methodology, a modified Petri Net 
designed for simulating construction-based operations. 
However, unlike some existing Petri Net-based simulators, 
which may require a deep understanding of Petri Net theory, 
COSMOS is designed to be intuitive and accessible to 
construction professionals. Although previous studies have 
used the COSMOS Simulator to simulate various construction 
processes and documented its accuracy, no published work 
directly describes the simulator itself. This article aims to 
provide a detailed description and illustration of the COSMOS 
Simulator's features, especially its ability to model and 
simulate specific construction behaviours. This paper offers a 
resource for researchers and practitioners interested in 
leveraging COSMOS for their construction modelling and 
simulation needs. 

Keywords-COSMOS; Simulator; Construction; Process; 
Petri Nets. 

I.  INTRODUCTION  
Process modelling and simulation are valuable 

approaches for construction engineering. However, a suitable 
software tool is necessary to simulate complex construction 
operations. The need for construction simulation software 
has been driven by the increasing complexity of construction 
projects and the need for effective planning and resource 
management tools. 

The development of simulation software or systems has 
been discussed in [1] and summarised as follows. Early 
systems like the Micro-Computerized CYCLic Operation 
Network (MicroCYCLONE) and the Dynamic Interface for 
Simulation of Construction Operations (DISCO) laid the 
groundwork for the field. Still, their adoption was often 
limited by the specialised knowledge required to use them. 
The emergence of object-oriented programming and 
discrete-event simulation paradigms led to the development 
of more user-friendly and versatile tools like the 
Construction Operation Simulation Tool (COST) and the 
Construction Object Oriented Process Simulation (COOPS) 

system. However, the inherent complexity of construction 
processes, with their inherent uncertainties and dynamic 
interactions, continued to pose challenges for simulation 
modelling. 

As detailed in this paper, the COSMOS Simulator 
presents a significant advancement in construction process 
modelling and simulation. The software can simulate models 
created using the COSMOS methodology [2], a modified 
Petri Net designed to facilitate simulation modelling of 
construction-based operations. The methodology introduces 
new nodes, arcs, and attributes to capture complex 
construction behaviours, improving the ease and realism of 
modelling for simulation and analysis. The article [2] details 
how these extended elements interact to represent various 
construction scenarios, showcasing their flexibility in 
handling the complexities of construction. However, unlike 
some Petri Net-based simulators that may demand a deep 
understanding of Petri Net theory, COSMOS is crafted to be 
easily accessible for construction professionals. 

This article addresses a gap in the existing literature by 
providing a direct and detailed description of the COSMOS 
Simulator's features and capabilities. While previous studies 
have utilised the simulator for various construction 
simulations (some in Thai) [3]-[11], and the software’s 
accuracy has also been confirmed and reported in several 
articles (some in Thai) [5][7][8][10], a dedicated publication 
outlining its functionalities was lacking. This paper fills that 
void. The article offers a detailed description and illustration 
of the distinctive features of the COSMOS Simulator, 
notably its capability to model behaviours not typically 
accessible in other Petri Net simulators, such as [12]-[16]. 
These features include elements like Header, Follower, 
Buffer, Pipe, End Arc, and DPA, which can manage 
continuous processes and dynamically progressive activities 
commonly encountered in specific construction processes. 
The COSMOS Simulator’s user interface and key 
components will be described in Section II. A discussion, 
conclusion, and suggestions for future work will be provided 
at the end of the article in Sections III and IV. 
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II. DESCRIPTIONS OF USER INTERFACE AND KEY 
COMPONENTS 

This section will review COSMOS's user interface and 
explain the essential components of the COSMOS Simulator. 
Figure 1 displays the homepage of the COSMOS Simulator's 
user interface, which can be accessed by selecting "Model" 
in the "view mode selector" panel. It should be noted that the 
Model mode is pre-selected by default. The system interface 
comprises several key components: the Menu Bar, 
Simulation-Run Controller Panel, Simulation Control Bar 
Properties Palette, Modelling Element Panel, Model 
Drawing Area, Status Bar, and View Mode Selector. The 
following subsections will comprehensively describe each of 
these significant components of the COSMOS Simulator. 

A. Menu Bar 
The menu bar in Figure 1 is divided into three tabs: Files, 

Settings, and Help. Each tab contains commands for 
manipulating files and software settings, such as creating a 
new file, opening an existing file, saving files, and changing 
font and grid settings. 

B. Simulation-Run Controller Panel 
To operate the simulation, users interact with the buttons 

on the “simulation-run controller panel”. This panel 
contains several buttons as follows; 

"Continuous Run" initiates a continuous simulation with 
animation as transitions fire and tokens move. 

"Flash Run" simulates without displaying any animation, 
only providing the simulation's results unless the user 
specifies that animation should be shown. 

"Pause" temporarily halts the simulation. 
"Reset" brings the simulation back to its initial state. 
"Previous Step" steps the simulation backwards by one 

step. 
"Previous Event" steps the simulation backwards by one 

event. 
"Next Event" steps the simulation forward by one event. 
"Next Step" steps the simulation forward by one step. 
See Figure 2 for the locations of these buttons in the user 

interface. 
It is important to note that running the simulation by a 

step or by an event differs in terms of how the animation 
displays tokens residing in the places between adjacent 
transitions. When simulating by an event, the animation 
does not show tokens temporarily residing in the places, 
whereas simulating by a step does display these tokens. 

C. Simulation Control Bar 
Before running a simulation, users can define a seed 

number in the "Seed" field of the "simulation control bar" 
(see Figure 1). The specified seed number is the initiator for 
generating a random number stream using the Linear 
Congruential Method. This stream is subsequently utilised to 
generate random samplings, including the firing duration, 
referred to as 'Service Time' within the COSMOS Simulator. 
Service time is sometimes stochastic; in such cases, the 

generated random numbers are used to determine the service 
time of the transitions each time they fire. These stochastic 
durations are governed by Probability Density Functions 
(PDF) specified by the users (See Figure 3). Additionally, 
the COSMOS Simulator utilises the stream to determine 
events for transition firings, whether they will fire or not. 
The determination is based on the probability ratios 
associated with transitions set by the users. These transition 
probabilities can be employed to resolve conflicts among 
transitions, should they arise. 

The control bar offers additional functionalities. The 
Time Interval field allows users to specify the display 
frequency of the simulation run. For example, suppose the 
COSMOS simulation begins at time = 0, and the Time 
Interval is set to 5 minutes. In that case, the Simulator will 
visualise the run at 5, 10, 15, 20 minutes, and so on, 
showcasing the transition’s firing and token movement 
animations at those time intervals. The simulation's speed 
can be adjusted using the Play Speed slider. Additionally, 
the Time Limit field allows users to define a specific time at 
which the simulation will be forced to terminate, even if its 
natural stopping conditions are not met. 

D. Modelling Element Panel 
The COSMOS modelling elements are located in the 

"modelling element panel", as shown in Figure 1. The panel 
contains various buttons representing different modelling 
element types, except for the top-left button which serves as 
the selection mode. Clicking on any of these buttons allows 
users to enter the mode for placing the selected element type 
on the "model drawing area." The first four elements in the 
panel, located next to the selection mode, are the common 
Petri Nets elements: Token, Place, Transition, and Arc. 

1) Place: A place element has two primary attributes: 
capacity and marking. Capacity refers to the maximum 
number of tokens that can be stored in a place at any given 
time, whereas marking indicates the current number of 
tokens present in the place. For instance, consider a Petri 
Net shown in Figure 1, where place P1 has a capacity of 4 
tokens and currently contains one token. The current 
marking and capacity of the place are denoted by the 
numbers on the top-right corner as "1/4". A black area 
resembling a pie chart is used to visually represent the ratio 
between the marking and the capacity of the place. 

2) Transition: Transitions in the COSMOS Simulator 
have several primary attributes that determine their 
behaviours during the simulation. These attributes include 
priority, probability, service time, and max firing queue. 
Figure 1 provides an example of a transition's properties 
palette (on the right-hand side of the figure), which displays 
its primary attributes. Priority and probability are used to 
resolve conflicts among transitions demanding tokens from 
the same place. Service time is the firing duration of the 
transition, which can be a constant value or a probability 
distribution. Users can change the firing duration type by 
clicking the "Edit" button in the properties palette. Figure 3 
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shows the properties editor for transition T1, which allows 
the user to specify the firing duration as a triangular 
distribution with minimum, mode, and maximum values of 
5, 12, and 18 time units, respectively. 

The term "max firing queue" refers to the maximum 
number of times a transition can fire simultaneously. This 
feature is handy for modelling certain construction 
behaviours. For example, when two loaders are working 
together to load three trucks, with each loader handling one 
truck at a time, there are instances when loading activities 
for two trucks occur simultaneously or overlap. The “max 
firing queue” feature can be used in this case. 

Consider the initial state of a truck-loading model, as 
shown in Figure 4. Three trucks are located at P1, while two 
loaders are stationed at P2. By setting the maximum firing 
queue to 2, as shown in Figure 5, T1 can fire twice 
overlappingly. When firing, the number 2 displayed in the 
middle of T1 indicates that the transition handles two firings 
simultaneously. If the maximum firing queue were set to 1 
(the default value), T1 could only fire once at a time. This 
scenario would not accurately reflect the real-world situation 
in which two loaders are available to handle the loading 
process simultaneously. Finally, the model in Figure 6 
represents the circumstances when one truck is still being 
loaded while another truck has already finished loading. The 
number 1 displayed in the middle of T1 indicates that only 
one firing is being handled by T1 at this point in time. 

3) Token and Arc: Tokens and arcs in the COSMOS 
Simulator serve the same function as those in common Petri 
Nets. In the current version of the simulator, all tokens and 
arcs are black and do not have any additional attributes or 
colours. 

4) Condition Arc: Condition arcs in the COSMOS 
Simulator share similarities with inhibitor arcs found in 
modified Petri Nets, although substantial disparities exist 
between them. While the weight on a typical inhibitor arc is 
fixed at "equals zero," a condition arc possesses the 
flexibility to adopt any integer value as its weight, thereby 
enabling the expression of conditions in either equality or 
inequality formats. For instance, a condition arc's weight 
can be designated as "greater than or equal to 4." Additional 
instances illustrating the practical applications of condition 
arcs can be found in references [5][9] or a brief model 
delineated in Figure 7. 

The model depicted in Figure 7 entails the transportation 
of 8 pieces of precast elements from a casting plant to a 
construction site. A loader situated at the plant facilitates the 
loading of precast elements onto a truck for transportation 
while also managing the unfinished precast elements within 
the plant. Nonetheless, the primary emphasis of this 
operation lies in the transportation of the eight precast 
elements. Consequently, the simulation of the process 
necessitates termination upon the completion of transporting 
the eight elements to the construction site and the subsequent 
return of the truck to the plant. In this model, a condition arc 

with a weight of ">= 1" (greater than or equal to one) is 
employed to govern the cessation of the process. 

These features of condition arcs are handy for modellers 
who require control over specific logic or conditions in their 
construction process models. The features allow modellers to 
make their models more concise. 

5) Header, Follower, Buffer, Pipe, and End Arc: 
Specific construction activities can only begin after their 
respective preceding activities have operated for a 
designated period. However, the completion of preceding 
activities is not mandatory before commencing the 
succeeding ones. When two or more activities share this 
interdependent relationship, they are classified as 
overlapping activities. To manage such overlapping 
activities, the COSMOS Simulator utilises five modelling 
elements: Header, Follower, Buffer, Pipe, and End Arc. 
Figure 8 displays the symbols of the five elements in the 
"modelling element panel" of the COSMOS Simulator. 

A header is a unique transition type representing the first 
activity in a series of overlapping activities. Like a normal 
transition, it can be enabled and fired (shot). The primary 
function of a header is to convert discrete units of work into 
continuous units, represented as a percentage. When a 
header shoots, it sends portions of the work through pipes 
and a buffer to the next activity in the series. Additional 
details regarding the shooting mechanism and the 
functionality of headers can be found in [3]. 

A follower can be regarded as a particular type of 
transition, similar to a header. However, followers represent 
subsequent activities instead of representing the first activity 
in a series of overlapping activities. Like headers, followers 
release portions of continuous work through shootings. The 
quantity of work released from each shooting of a follower 
is equal to the shooting percentage specified in the header of 
the series. The shooting criteria for a follower are the same 
as those for a normal transition, with the additional 
condition that the released quantity of work from the 
preceding element (either a header or another follower) 
must be available in the input buffer of the follower. Further 
details on the functionality of followers can be found in [3]. 

A buffer is a special type of place where portions of the 
quantity of work released from headers or followers are 
stored. Buffers are connected to headers or followers via 
pipes. It's important to note that tokens cannot reside in 
buffers, and buffers have an unlimited capacity. 

A pipe is a particular type of arc used to represent the 
flow of work released from headers or followers. In other 
words, pipes are used to send portions of work resulting 
from shootings of headers or followers. Pipes can only 
connect headers or followers to buffers and buffers to 
followers. 

The COSMOS Simulator utilises an "end arc" to 
conclude overlapping series when the shooting percentage 
of the final follower reaches 100%. Once this threshold is 
met, the end arc sends a token or tokens to the connected 
outgoing place, with the number of tokens depending on the 
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weight of the arc. This mechanism effectively terminates the 
series and ensures proper execution of the simulation. 

Sakkaphant Meklersuewong and Jirawat Damrianant 
[10] demonstrate the use of the five elements (header, 
follower, buffer, pipe, and end arc) in a sample application 
to simulate overlapping activities in a concreting and waste-
handling operation. 

6) Dynamically Progressive Activity (DPA): 
Dynamically Progressive Activity (DPA) is defined in 
COSMOS as an activity whose duration varies due to the 
increase in the amount of work for each iteration. DPAs 
commonly occur in linear construction processes such as 
road construction and drainage pipe installation. For 
example, in reinforced-concrete road construction, the 
"moving to placing spot" activity will have a longer duration 
as the length of the road being constructed increases with 
each iteration of the placement. This is because the starting 
point of the placement area remains stationary while the 
placing spots get further away for each round of the 
placement. As a result, the distances between the beginning 
of the placement zone and the placing spots increase, 
thereby increasing the duration of the "moving to placing 
spot" activity performed by ready-mixed concrete trucks. 

If a DPA's working rate and amount of work are known, 
its activity duration can be calculated. For instance, in 
reinforced-concrete road construction, suppose a concrete 
truck moves between the starting point of the placement 
area and a placing spot at an average speed of 10 km/hr or 
166.67 m/min (this represents the working rate), and the 
distance between the beginning of the placement zone and 
the placing spot is 100 m (this represents the amount of 
work). In this case, the duration required for the truck in the 
"moving to placing spot" activity will be 0.6 minutes, 
indicating that, on average, the truck can cover a distance of 
100 m within 0.6 minutes. Therefore, for distances of 200 
m, 300 m, and 400 m, the truck will require 1.2, 1.8, and 2.4 
minutes, respectively, to complete the activity. 

After determining the duration of a DPA, users can input 
this information into the corresponding activity within the 
COSMOS Simulator. Subsequently, the simulator will 
calculate the duration of each iteration of the DPA by 
incrementally advancing the amount of work completed and 
using these values to simulate the process. 

Figure 9 presents a concrete-road placement model, 
representing an operation similar to the abovementioned 
process. The model showcases the implementation of the 
DPA concept. Notably, a DPA element in the COSMOS 
Simulator is a unique type of transition that features a 
dynamically progressive firing duration. In the figure, the 
elements labelled "DPA1-Truck proceeds from the starting 
point of the placement area to the placing spot" and "DPA2-
Truck returns to the starting location of the placement area" 
represent DPAs. When DPA1 fires for the first time, its 
firing duration will be zero since a truck can discharge 
concrete immediately upon reaching the starting point of the 

placement area without needing to move further forward. In 
the subsequent three iterations, the firing durations will be 
0.6 minutes, 1.2 minutes, and 1.8 minutes as the placing 
points for the truck will be located 100 meters, 200 meters, 
and 300 meters away, respectively, from the beginning of 
the placement zone. 

III. DISCUSSION 
Unlike some existing simulators, which may require a 

deep understanding of Petri Net theory, the COSMOS 
Simulator is designed to be intuitive and accessible to 
construction professionals. By incorporating unique 
modelling elements, COSMOS allows the representation of 
complex construction behaviours often overlooked in 
traditional Petri Net simulators. The ability to model 
overlapping activities, dynamically progressive activities, 
and resource constraints set the COSMOS Simulator apart, 
providing a more accurate and realistic simulation 
environment tailored to the construction industry's specific 
needs. 

Compared to the existing solutions, primarily 
represented by general-purpose Petri Net simulators, 
COSMOS demonstrates several advantages. Including 
construction-specific modelling elements allows the 
representation of unique construction behaviours. The focus 
on practical applicability makes COSMOS more accessible 
to construction professionals compared to simulators with 
limited construction-specific features. Furthermore, 
COSMOS's ability to model complex resource management 
scenarios and dynamic changes in activity durations 
provides a more comprehensive simulation environment for 
construction projects. 

While COSMOS represents a significant step forward, it 
is essential to acknowledge its limitations and potential 
areas for future development. The simulator's primary focus 
on discrete-event simulation may limit its applicability to 
continuous processes or systems with complex interactions. 
Additionally, although COSMOS can simulate dynamic 
processes, its current version may have limitations in 
incorporating real-time data from construction sites, which 
is crucial for achieving a true digital representation of 
construction processes. Future research and development 
efforts can focus on expanding COSMOS's capabilities in 
these areas, further enhancing its value and impact in the 
construction industry. The current version of the COSMOS 
Simulator is available online [17]. 

IV. CONCLUSION AND FUTURE WORK 
This paper provided a comprehensive description and 

illustration of the distinctive features of the COSMOS 
Simulator, a computer program designed to simulate 
construction processes effectively. COSMOS accounts for 
real-world construction behaviours such as: 

• Concurrent execution of similar activities through 
"max firing queue" settings. 
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• Overlapping or interleaved activities facilitated by 
headers, followers, buffers, pipes, and end arcs. 

• Simulation of Dynamically Progressive Activities 
(DPAs), where duration varies based on workload, 
commonly seen in tasks like asphalt paving. 

Notably, these modelling elements and features—
headers, followers, buffers, pipes, end arcs, and DPAs—are 
unique to COSMOS, enabling the simulation of specific 
behaviours found in construction, and they are not available 
in other simulation tools. 

Apart from normal arcs, COSMOS also has condition 
arcs similar to inhibitor arcs in modified Petri Nets but allow 
more flexibility. They can have any integer weight, enabling 
the expression of equality or inequality conditions. 

COSMOS has been successfully used to model and 
simulate various aspects of construction. However, further 
research is needed to explore the needs and gather feedback 
from diverse users. This information will be crucial in 
enhancing the COSMOS system to make it even more 
effective in simulating construction processes. 

This paper offered a resource for researchers and 
practitioners interested in leveraging COSMOS for their 
construction modelling and simulation needs. 

Despite its emphasis on functionality for construction 
practitioners, the COSMOS Simulator and its associated 
methodology can be used to model and simulate any discrete 
event process. 

Future research and development efforts will focus on 
expanding COSMOS's capabilities to incorporate real-time 
data from construction sites. Additionally, it would be 
beneficial to extend COSMOS's capabilities to simulate 
construction processes with even more complex interactions. 
The simulation of more complex interactions could be 
achieved by adding appropriate control statements, enabling 
users to have finer control over the behaviours of the 
COSMOS models and aligning them more closely with the 
actual behaviours of construction work in the fields. 
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Figure 1.  Homepage of COSMOS Simulator's user interface. 

 
 
 

 
Figure 2.  Simulation-Run Controller Panel. 
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Figure 3.  Properties Editor of Transition. 

 

 
Figure 4.  Model illustrating “Max Firing Queue” Feature (State 1). 
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Figure 5.  Model illustrating “Max Firing Queue” Feature (State 2). 

 

 
Figure 6.  Model illustrating “Max Firing Queue” Feature (State 3). 
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Figure 7.  Model illustrating sample application of "Condition Arc". 

 

 
Figure 8.  Header, Follower, Buffer, Pipe, and End Arc in Modelling Element Panel of COSMOS Simulator. 

 

 
Figure 9.  Dynamically Progressive Activities (DPAs) in a Concrete-Road Placement Model. 
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