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Abstract. The associated research work to be presented will address issues of 

modelling efficiency and therefore develop insights into the nature and principles of 
how ATM networks are constructed and how they can be more effectively designed, 

by using the operational performance nature that becomes evident through the 

modelling. In general, the paper will present how the simulation tool a) models the 
network, b) implements the optimisation technic, and c) validates the approach. 

Consequently, this provides the platform that is then used for two real ATM 

networks, in both China and Europe as two selected case studies, in order to provide 
results. At a more fundamental abstract level, such a network is a complex system, 

or system-of-systems that is transdisciplinary in nature. The inherent design 

parameters (1) are different and diverse in nature, including aircraft, airports, and 
routes; the operational parameters and variables (2) are multicriteria in nature, and 

diverse in units and type; and causes-of-change (3) are disruptive at a mono, inter, 

and trans-disciplinary levels to effect multi-attribute characteristics and 
performance metrics that attempt to capture the impact on the network system 

functioning as designed and planned. Consequently, the authors intend to use the 

application related to ATM network performance in order to understand at a more 
fundamental level elements of transdisciplinary science and transdisciplinary 

performance both in terms of optimal level (capacity) and robustness (performance 

reduction and recovery). 

Keywords. Air Traffic Management (ATM) networks, air transport, aircraft, 

airports, airline routes, network design, multi-criteria decision making, performance 

modelling, robustness, resilience, transdisciplinary behaviour, transdisciplinary 

performance. 

Introduction 

This paper presents an Air Traffic Management (ATM) simulation tool [1] which a) 

models a representative ATM network [2-4], b) implements a simulation technic that 

aims to improve the understanding and performance of the network [5-8], and c) 

validates the approach by investigating the ability to capture the transdisciplinary nature 

[9-11] of the network and its response to system-level interactions and interventions. The 

network simulation provides the platform that is applied to a realistic Chinese ATM 

network, in providing realistic results and performing analysis that is fundamentally 

transdisciplinary in nature. 
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At a more fundamental, abstract and conceptual level, such a network is a complex 

system, or system-of-systems that is highly transdisciplinary in nature, but this paper also 

intends to explore what this proposition means. The inherent design parameters (1) are 

different and diverse in nature, including aircraft, airports, and ATM routes; the 

operational parameters and variables (2) are multi-dimensional and  multicriteria in 

nature, and diverse in units and type; and the causes-of-change (3) are disruptive at a 

mono, inter, and transdisciplinary levels to effect multi-attribute characteristics and 

performance metrics that attempt to capture the impact on the network system 

functioning as designed and planned. Consequently, this transdisciplinarity nature will 

be reviewed in the light of current theory and principles of Transdisciplinary Engineering. 

The paper first presents the ATM network in terms of its systems design, scenario 

simulation and analysis, and then uses the detailed case presented in order perform the 

theoretic reflections and translation to the mentioned transdisciplinary theory in the 

current literature. 

1. Network  

1.1 Network Components 

There are several components of an Air Traffic Management (ATM) network that need 

to be taken into consideration [1-4]. Figure 1 presents is a simple example of an ATM 

network and its adaption for simulation. Firstly, the solid lines and dots demonstrate the 

connectivity of an ATM network, whether established or evolving respectively. The first 

component shown is a node, which represents airports (the circles), and waypoints as 

defined interim connecting points (the squares) which help to define the network. These 

have the function of generating and receiving traffic flow and transferring traffic flow. 

Secondly, we also use the definition of a segment to describe an ‘air route’, which 

essentially links nodes together to form the network’s connectivity. Traffic flows will 

move ‘through’ these segments. Thirdly, we have the traffic flows themselves that 

describe the flight movements in the network, shown with the red lined arrows in Figure 

1b). These three characteristics collectively form the fundamental components that can 

be used to construct an ATM network simulation to model the system dynamics and 

inherently transdisciplinary nature of such a complex system with design and operational 

elements given by the airline, airport and ATM infrastructures, their software and 

hardware technology platforms, and the air transportation providers that provide 

operational service to the passenger customers and wider business, community and 

indeed economies associated [5-8]. 

Finally, in Figure 1b), the sinks correspond to virtual nodes for the traffic flow 

coming into, originating from and going out to the network defined as the system under 

consideration, where virtual nodes can also be used to help characterize and describe 

(and record) the incremental progress steps of a flight by a discrete simulation process. 

There are capacity units that distributed to all the sectors in the network and so Figure 

1b) highlights one flight moving from one sector S1 to another sector S2. The sectors, 

with green outline, are mapped by the sector nodes and sector borders. When a flight 

crosses the sector border between S1 and S2, the capacity units in S1 will have one more 

unit available, while S2 will have one less. 
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Figure 1. a) Network Model and b) Sector Capacity Model.

Another constraint to consider is the capacity of the airport. The airport will have 

limitations in generating and receiving flights while sinks do not and have unlimited 

capacity due to the fact that they are not participating in the operation of the network but 

helping generate it. Here the capacity unit is defined as a unit that quantifies the ability 

of the nodes or sectors when they are operating the flights in the network. One capacity 

unit in one node or sector suggests that the node or sector is able to operate one flight for 

a particular time step. Since the simulation of the capacity unit is not the main objective 

of this study, the model of capacity unit is adapted from experience data and other works 

[12, 13]. There are various factors that have impact on capacity of the nodes or sectors, 

but so as to simplify the model, the capacity distribution only uses the capacity units 

number/quantification to demonstrate this performance and test that the capacity units 

are equally distributed to the nodes or sectors.

1.2 Flight Components

The aircraft traffic flow that equates to flights [2, 3, 5, 7] in an ATM network also carries 

information. Figure 1 also shows a flight travelling from its origin to destination when 

considering the movement from ‘circle to circle’ or airport to airport. The flight will have 

its OD (Origin and Destination) pairing, STD (Scheduled Time of Departure), STA 

(Scheduled Time of Arrival), ATD (Actual Time of Departure), ATA (Actual Time of 

Arrival) and CAC (Code of Aircraft). Subsequent to a flight being generated, the model 

also generates the associated flight path, shown as the segments with arrows in Figure 1, 

where a Flight path is a sequence of air routes that the aircraft will fly. The routing 

algorithm used to generate the flight path in the simulation is the Floyd-Warshall shortest 

path strategy [14]. To meet different requirements of the simulation, the flight generation 

process is varied and for simple tests, the flight is randomly generated by a demand data 

roulette (highlighted subsequently though Figure 2), while the specific case study of the 

Chinese market presented herein uses generated fixed-schedule and true-schedule forms 

of real air traffic. Additionally, after having the flight path, the distance to the destination 

can be calculated and all flights have a “distance” feature to locate them as this changes

according to time; and also, the flight will also have a possibility to cancel or detour in 

case of disruption.
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1.3 Flying rules 

The flying rules in the network determine how the simulation represents the flight 

operations in the ATM network using a number of guiding rules. 

1.3.1 Generation rules 

Based on the flight demand, the flights in the network will be generated according to a 

roulette of each OD (Origin and Destination) pairing (shown in Figure 2). In Figure 2, 

each sector of the roulette shown in the center of the figure is a proportion of the demand 

from one OD pair to the demand of the entire network. Here, the simulator generates a 

random number and uses the roulette to determine the OD pair for the flights. Like Figure 

1 highlighted, each flight must takeoff from one Airport and land in another Airport. 

After having the OD of a flight, its flight path can be generated, where the basic routing 

strategy is to assume the shortest path strategy, using the Floyd-Warshall algorithm [14] 

mentioned. The algorithm is able to produce all of the shortest paths between all OD 

pairings and therefore, the scheduled time of flying can be derived by calculating the air 

route length from the amalgamated flight path segments. 

1.3.2 Forwarding rules 

The network operation will in principle follow the first-come, first-served rule. However, 

in certain situations there could be more flights reaching a waypoint at the same time. 

The forwarding will be according to the ATD of the flight. In Figure 1, one flight Flight 
1 would take off at time t1 and have OD pair (O1, D1), and Flight 2 will take off at t2 

and have the OD pair (O2, D2), while Flight 3 will take off at t3 and have the OD pair 

(O3, D3), where t1<t2<t3. Flight 3 will ‘be approaching’ a waypoint and if the capacity 

at this waypoint (CW) is larger than 1, at the next time step, e.g. t7, Flight 3 will pass 

through it. However, if the waypoint does not allow the flight to pass, Flight 2 could 

want to cross the waypoint at same time but the waypoint capacity (CW) is not sufficient 

due to Flight 1 passing through, the last generated flights Flight 2 and 3 will have to wait 

or change flight path. 

1.3.3 Crisis rules 

There are going to be disruptions in any ATM network and it is extremely interesting to 

model that sort of emergent behavior in such a simulation as that presented. Essentially, 

such a transdisciplinary model can be used to generate the emergent behavior of complex 

systems because this can be very disruptive and influential in the resilience of a system 

as it recovers from disruption. If a disruption occurs at an airport, then the flights arriving 

will choose the nearest airport to land at in order to resolve their flight allocation 

dilemma, as the usage of the airport capacity is considered in the simulation. Similarly, 

if a disruption occurs at a waypoint, then a new pathway or flight route will be calculated 

according to the shortest path rule in order to accommodate the rerouting to the new 

destination. 
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Figure 2. Steps in network a) generation and c) simulation through a b) random roulette algorithm.

2. Using Simulation for Network Evaluation

In Figure 2, the overview of the simulator functioning is illustrated, being a function of

the inputs and information associated with network being considered. To meet various

requirements, the information can be related to synthetic networks and artificial networks, 

or real mirrored models that are very difficult to define and represent properly in models 

due to their inherent complexity and the challenge of modelling the manner factors that 

may or may not be influential (and at a similar level of fidelity). There are two ways to 

generate networks, where for synthetic networks, the real schedule information will be 

used as profile so that a fixed schedule of flights can be generated to keep the simulator 

close to reality, while for artificial networks, the flights are only used for demonstration. 

Therefore, a partial random generation method can be used so that the network 

generation, the flights can fly in the network and form the required traffic flow, with the 

operation of the flights being recorded and used for analysis of the system behavior 

relative to improvements or robustness, which the authors define as a function of 

performance loss, and resilience,, being a function of the time based recovery from the 

loss of performance due to a disruptive event [15].

2.1 Inputting the Network

The inputs for the simulation is derived from the information pertaining to the network

conceptualization and model, and is described in through the process of mapping the 

network presented in Figure 2. The process for generating the network shown in Figure 

1a) provides the framework for the simulation process (see Figure 2b) to then 

operationalize the intent and function of the network using the random roulette algorithm 

method (see Figure 2b) to populate the simulation for scenario generation. For the 

Chinese network presented here this is actually a sort of synthetic network in that the 

network provides verification results for a realistic simulated reality at a given scale of 

ATM network. This is a very important point as it is so difficult to capture the behavior 

of a highly complex network as the measurement and data are not available or at best 

only at a generalized level. This behavioral analysis is the goal of the ATM network 
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analysis presented and this understanding can then be used relative to an ATM network 

design that is an evolution of the addition of airports that cannot be design for a given 

country but can be adapted and evolved to improve capacity, robustness and resilience.

Figure 3. The Chinese geographical network and associated ATM network simulation flights.

The Chinese ATM network is shown in terms of sectors to the left of Figure 3 so 

this ‘synthetic Chinese network is made up of the actual 150 airports that are taken from 

the real network. As China is a very large country, there are a lot of national flights that 

need to be accommodated relative to the ration that is normal in Europe for international 

flights, and many of the airports are not international and only 51 airports out of the 150 

airports have international flights. According to the traffic demand, those 150 airports 

can also be managed in various ways and in order to accommodate the huge capacity 

differences, from 10-2000 flight operations per day, historical traffic data is used to 

categorise the airports into 3 categories, noted as CATE1, CATE2 and CATE3. CATE1 

represent the 10 busiest airports in China, such as Beijing Capital International Airport 

(ZBBA), while there are 27 airports in CATE2, and and further 113 smaller airports in 

CATE3. There are 953 waypoints in the synthetic Chinese network and four sinks are 

used to simulate the four global directions that represent the international airports that 

are connected within the network. This all results in 1722 air tracks or flight paths shown 

in the network plot in the middle of Figure 3. The network has 28 sectors, although for 

this simulation, the area outside borders was designated as a sector. There are 29 sectors 

(28 sectors and the outer one) and 93 sector nodes, and an associated 120 borders that 

are in fact the nodes that link the sector borders. 

A smaller network can of course also be used to improve computing time and 

enhance the usability of the simulation capability to run scenarios. In the results 

presented subsequently, Network 1 (see Table 1) has 23 airports, with 6 international 

airports that can generate international flights, and according to the traffic demand, 23 

airports have 1 CATE1 airport, 5 CATE2 airports, and 17 CATE3 airports. The scaled 

down network has 150 waypoints and 280 air tracks that connect all the nodes together, 

with 18 sector nodes and 21 sector borders that divide the synthetic Chinese network into 

5 sectors; all properties of the networks used in the work are summarized in Table 1.
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Table 1. Network characteristics. 

Features Test Synthetic 
Dutch 

Network 

Synthetic 
Chinese 
Network 

Synthetic 
Chinese 

Network.t 

Airports 

CATE1 

10 5 

10 1 

CATE2 27 5 

CATE3 113 17 

International 51 6 

Waypoints 5 45 953 150 

Sinks - 4 4 4 

Air tracks 26 140 1722 280 

Sectors - 7 29 5 

Sector nodes - 10 93 18 

Sector border - 38 120 21 

 

3. Typical results: Dealing with Network Disruption  

In terms of the resulting performance achieved from the simulation for the network a 

first achievement is that this did indeed work for different input conditions and respond 

in a calibrated manner. Interestingly, it was also found that the optimal result for a certain 

set of conditions was not necessarily true for a different set of conditions, in terms of 

how to manage that, or put another way it was found that the management of sector 

capacity for a small disruption was not equally true for a large disruption. This is perhaps 

an intuitive result but still interesting and is being investigated in the ongoing use of the 

network simulation to understand why and also to what degree these factors interact. 

In a further simplification for the purpose of this paper, the conditions of the 

disruption testing were all limited to Sector 20 (a busy sector with Beijing airport). All 

disruption lengths were set to three hours and the optimization processes all started from 

the same capacity allocation, which contained the same amalgamate amount of capacity 

units at 2800 and only the capacity loss differed for each test. Allocations of capacity 

units were generated according to varying scenarios under investigation, as shown in the 

rows in Table 2. For example, Row 3 shows that for this situation, a sector is blocked 

with a capacity loss is 100%. The flights served in the network can be compared to the 

flights without disruption, where Row 1 is the reference, and comparing Row 2 and Row 

6 for example, shows that the optimization can provide optimal allocation for more 

flights to be serviced during a disruption. Row 3 and Row 5 show that the optimization 

process can be controlled and designed in terms of the objective function (see Figure 4) 

for different types of disruption.  
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Table 2. Network capacity performance impact relative to flight number.

Generation from Need Disruption Added Total Flights Served Flights Served 100%

1 Origin No 14731 100%

2 Capacity loss 100% Capacity loss 100% 10384 70%

3 Capacity loss 100% Capacity loss 50% 11650 79%

4 Capacity loss 50% Capacity loss 50% 11795 80%

5 Capacity loss 50% Capacity loss 100% 10027 68%

6 Origin Capacity loss 100% 9638 65%

7 Origin Capacity loss 50% 9857 67%

3.1 Different weight of performance indicators influence the allocation

The simulator can use different combinations of objective functions, and the outcome of 

the network results plotted according to that shown to the left in Figure 4 for the range 

of five alternative scenarios investigated for the network optimization in Table 3: (0,1), 

(0.3, 0.7), (0.5, 0.5), (0.7, 0.3) and (1,0), where the weight of Obj1 is gradually increasing, 

while the weight of Obj2 is gradually reducing. There are 50 data points in the plotted in 

Figure 4 and each represents one multiobjective function combination - that is generated 

from one iteration in a ‘simulated annealing’ optimization implementation for each 

combination shown. In Figure 4, (1) is the origin solution of the network, with the 

capacity units used in the sector being plotted with red dots and the size representing the 

volume of capacity units (with seen at larger scale that that shown in the Figure). The 

sector ID is given by the number plotted in the sector, and as mentioned previously, the 

scenarios 2-6 are the optimal solutions found for the multiobjective function 

combinations of: (0,1), (0.3, 0.7), (0.5, 0.5), (0.7, 0.3) and (1,0). Foe scenarios (3) and 

(4), no sector has more capacity units than the origin one and in (2), (5) and (6), only a 

few sectors have more capacity units than the original solution (1). 

Finally, Tables 3 and 4 show the capacity unit usage for all optimal solutions under 

different weight combinations, i.e. Sector (1) shown in Figure 4 b). It can be seen from 

the final results shown in Table 4 that the optimal solutions all have less capacity units 

than the origin solution, where the total number of capacity units was 3218. It can be 

seen that the number used in the network is gradually increasing from 2971 to 3048, from 

the scenarios represented by (0,1) and (1,0). Secondly, there is a trend evident that shows 

that when Obj1 has a higher weighting, i.e. larger than the original w1, it is likely to have 

Figure 4 a) Multicriteria simulation performance improvement and b) sector scenario simulations.

R. Curran et al. / Investigating the Transdisciplinary Nature of ATM Networks 801



more capacity units allocated in the network (although not exactly following this rule). 

Finally, the average reduction is 7% for the sum capacity units used in Network 1. 

Tables 3 and 4. Network capacity performance results relative to varying multi-objective criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

W

1 

W

2 

Capacit

y Sum 

Capacity 

Differenc

e 

Reduce

d Units 

Iteration

s of SA 

process 

Iteratio

n to 

Optima

l 

Obj1 Obj2 Obj 
Objective 

Enhancement 

Origin 3218 0 0 0 0 0.915773 0.779572  
Obj

1 

Obj

2 
Obj 

0 1 2971 -247 8% 23.3  16.7  
0.95669666

7 

0.79984066

7 

0.79984066

7 

4.5

% 

2.6

% 

2.6

% 

0.3 0.7 2962.25 -255.75 8% 22.0  11.7  
0.95657133

3 

0.79934366

7 

0.84651166

7 

4.5

% 

2.5

% 

3.2

% 

0.5 0.5 2971.5 -246.5 8% 23.3  11.3  
0.95573766

7 

0.79924133

3 

0.87748933

3 

4.4

% 

2.5

% 

3.5

% 

0.7 0.3 2993.75 -224.25 7% 22.0  12.7  0.957608 0.79953 
0.91018466

7 

4.6

% 

2.6

% 

4.0

% 

1 0 3048.25 -169.75 5% 18.7  10.7  0.957602 
0.79902366

7 
0.957602 

4.6

% 

2.5

% 

4.6

% 

Sector ID Average >95% Airports Connections Traffic 

 1  44% 0 2 36 10 

 2  83% 0 5 89 83 

 3  87% 0 8 139 225 

 4  76% 0 3 46 86 

 5  84% 0 3 71 401 

 6  96% 4 15 416 5402 

 7  93% 2 6 89 468 

 8  96% 4 8 275 3577 

 9  91% 0 2 34 239 

 10  94% 3 2 44 565 

 11  92% 1 2 61 559 

 12  79% 0 2 63 652 

 13  96% 3 6 124 1369 

 14  96% 4 6 110 286 

 15  97% 5 5 128 1270 

 16  93% 1 4 73 632 

 17  94% 2 5 87 581 

 18  92% 1 4 82 421 

 19  81% 0 4 42 157 

 20  92% 1 5 227 871 

 21  92% 1 3 62 248 

 22  91% 0 6 120 557 

 23  95% 3 11 224 1479 

 24  94% 2 13 164 773 

 25  94% 3 2 36 75 

 26  96% 4 7 213 351 

 27  94% 2 6 160 732 

 28  92% 2 5 52 59 
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4. Assessing the Transdisciplinarity of ATM Networks

The main aim of this paper was to present the ATM Network model and its simulation 

as an example of a ‘typical’ technical analysis approach (which is often taken by 

designers, engineers, modelers, domain experts, etc in solving either system design 

problems or the consequent operations thereof, and ultimate performance goal) in order 

to assess the Transdisciplinarity of the approach [16, 17]. We can refer to the authors 

work in this area where Transdisciplinarity Engineering is encapsulated by the 

framework shown in Figure 5 [18].

Figure 5. a) Principles of Transdisciplinarity and b) Transdisciplinary Process Integration [18].

With reference to the Principles of Transdisciplinarity, the ATM Network modelling 

and simulation that was presented as representative withing the technical system design

[19-22], analysis and control fields does follow all of the Principles outlined in Figure 

5a) [18]. The characteristics of multidisciplinarity (2) are evident through the 

performance of an aircraft in terms of Aircraft Velocity is used as well as the spatial 

Distance Between Airports in the Network for example; where one model (1) does not 

necessarily influence the performance of the other (1) but both (2) are used in calculating 

a common performance criteria such as Infrastructure Cost; being a simple 

amalgamation of either models value in the respect. However, these two models are also 

used in an Interdisciplinary (3) manner where the velocity of the aircraft is now used by 

the simulation of the Network in the simulation in order to calculate the Route Times 
Between Airports, the Network Capacity that can be achieved in a certain timeframe for 

that ATM network, and the Delay Time resulting from a given network disruption. 

Furthermore, the overarching model of the ATM model and associated simulation, which 

was used to run the real scenarios, forms the Transdisciplinary (4) layer [23-25] that 

integrates all of the other formulations and combines these into indeed a common 

Transdisciplinary Goal that is elevated above all other subservient lower-level system 

goals; the later for clarity being for example the Aircraft System (model), or Airport, or 

Air Traffic Network, etc.

Finally, we can also use the Transdisciplinary Process Integration (TPI) model 

presented in Figure 5b by Curran [18] in order to assess the ATM modelling and 

simulation process presented here-in in terms of its Transdisciplinary Engineering 
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characteristics. This is a complex integrated framework of Transdisciplinarity that has 

been proposed and is more fully presented in Curran [18] but essentially it combines the 

processes of Adaptive Simulation Planning [26, 27], Multiattribute Value Analysis [28, 

29], and Knowledge Management [30]; as shown by the top-left, bottom-left, and right-

hand   sections of Figure 6. The ATM Network case study presented herein is easily 

associated with the System Design and Scenario Simulation steps shown in Figure 6 as 

part of the Adaptive Simulation Planning, as part of the Transdisciplinary Engineering 
Integration (TDI) process shown. However, although the Stakeholder Planning and Data 

Capture phases were not highlighted in this paper, those were followed, as would be 

typical, in an informal way to scope out the ‘project brief’ and determine the goals and 

ultimate research output and application impact, the latter being associated with the 

beginning of the Value Analysis process – as a fundamental part of the multiobjective 

analysis approach [31-37]. Implementation will include the Robust Planning for the 

actual application in some sort of design effort, intervention or control. The latter is very 

directly associated with the monitoring and Life Cycle Learning phase [38-40]. All 

processes mentioned, both those that are presented horizontally and vertically in Figure 

5b, are supported by the Knowledge Management process highlighted on the righthand 

side in the Figure. For clarity, Normalisation refers to the calibration and processing of 

core data bases, and Organisation refers to the structuring of these resulting data and 

knowledge bases through ontological and highly defined standardized ‘knowledge 

forms’. Finally, following the better recognized phases within the KNOMAD 

methodological process that are Modelling and Analysis (closely aligned and forming an 

‘axis’ with the System Design and Scenario Simulation of the ASP), there is the 

Dissemination phase and effort which also includes tool development, process 

formulation, methods, etc. for the dissemination through the business process where 

relevant.   

It has been shown that the ATN network example shown is highly Transdisciplinary 

in nature and consequently provides a useful example from the field of Transdisciplinary 

Engineering and more importantly helps verify some of the fundaments, principles and 

concepts being developed to help define this developing field. 

5. Conclusion 

In terms of the realistic systems design of the Network and associated model: (1) Results 

from the optimization proved that the optimization works as expected, which means, the 

network structure from the optimal results will provide optimal performance in in terms 

of realizing the objectives. (2) The verification allows the simulator produce stable and 

reliable results and also, provides supports to find network structure meet the need of the 

simulator users.  

In terms of the effectiveness of the simulation to capture the behavior of the network: 

(1) The simulator can produce similar results as those of the real world, when given real 

crisis data as a disruption input. This means with certain future disruption, the simulator 

can demonstrate network impact in advance. (2) The simulator will provide solutions 

that meet the need. i.e. let the objective of larger weight has better performance. (3) 

Sectors that have large demand of traffic, sectors that next to sectors with busy airports 

and sectors on the edge of the network may have more capacity units to have better 

performance. 
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In terms of results and the ultimate performance of the model: (1) It can be found 

out that schedules of the real networks are meeting the need in real life and has the 

potential that allow the user of the simulator change their demand when meeting different 

need or crisis. (2) Each iteration takes similar time, which means the process is 

independent, i.e. the solution from the output is suits for all disruption that set in the 

simulator. This allows users to find a network structure that can handle the crisis or 

meeting particular need. (3) For the distribution of capacity units, the total capacity units 

dose not to be the most to obtain the optimal results. 

The paper also culminated in an analysis of the transdisciplinarity of the ‘typical’ 

form of the ATM network analysis research presented, that is also unique and developing 

but provides an interesting case-study for assessing Transdisciplinarity. This was evident 

from the disciplinarity reflections that first established the Transdisciplinarity at a 

Principle level, and then established the fundamental relevance and alignment with the 

fundamental tenements of Transdisciplinary Process Integration (TPI). 

In conclusion, it was shown that the ATM network example shown is highly 

transdisciplinary in nature and consequently provides a useful example from the field of 

Transdisciplinary Engineering and more importantly helps verify some of the 

fundaments, principles and concepts being developed to help define this developing field. 
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