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Abstract

A network is a component connected by dots and lines. For example, in the real
world, networks such as power transmission networks, human relations, company
capital relations, electricity, gas and water supply. Others, such as roads, railroads,
and aviation, play important roles in social functions. If these malfunction, it will
cause great social and economic loss. In particular, the characteristics of aviation
infrastructure include long-distance transportation, short-time transportation, and
easy movement from one place to many places. There are features that are not
found in rail and transport by car or ship; therefore, there is no alternative.

In recent years, the aviation network has been reorganized in Europe and the
United States by aviation liberalization. Air liberalization has led to the emergence
of an airline called the Low Cost Carrier (LCCs) that takes its own strategy. The
LCCs originated from Southwest Airlines in the United States, which commenced
operations in 1971, and has since undergone gradual deregulation in the United
States, leading to vigorous economic competition. Meanwhile, in the EU, service
began with Ryanair in 1986, and the aviation market demand changed due to the
gradual liberalization of airlines since the mid-1990s. As a result, diversification
of passenger choices, changes in airlines, and revitalization of airports have been
successful. In recent years, diversification of choices has progressed, and freedom
of choice between FSCs and LCCs has increased. Yes. As a result, networks
of multiple layers create one network. Therefore, it is necessary to analyze the
characteristics of the aviation network created by the FSCs and the LCCs, while
in the USA and the EU, the LCCs has evolved over time as described above. It
is considered mature. Over time, FSCs and LCCs have taken different strategies
to survive. One of the strategies is about network structure. FSCs created a hub-
and-spoke structure, while LCCs adopted a point-to-point structure. The hub and
spoke structure is a structure in which nodes with small orders are connected to
nodes with large orders called hubs. Point-to-point has a structure in which nodes
with similar degrees are connected. This hub-and-spoke structure is known to be
vulnerable to malfunctioning of high-order airports called hubs and vulnerable to
malicious attacks such as terrorism.

In the current paper, there is an analysis that focuses on the degree distribu-
tion and clustering coefficient using four EU FSCs. In addition, robustness using
random attacks and centralized attacks has been performed by FSCs around the
world and LCCs of three companies. However, these studies are either conducted
on LCCs or FSCs only routes, or are analyzes that have established a global net-
work. However, these methods require the assumption that large airports around
the world will malfunction multiple times at the same time, making them im-
practical for natural disasters and terrorist attacks because natural disasters and



terrorism An attack would be a regional damage, i.e. an earthquake or volcanic
activity would be a national or regional damage, but would be to the whole of
Eurasia and North America .

In this paper, we investigate the robustness of the aviation network against order
attack as an example of a malicious attack assuming terrorism. It is considered
that the robustness of the aviation network has been increased by linking LCCs to
airports with small orders called spokes, as opposed to the hub and spoke structure
of FSCs. The target of analysis is the EU, LCCs and FSCs, FSCs + LCCs avia-
tion network, USA 2017, 2018 LCCs, FSCs, FSCs 4+ LCCs aviation network, and
analyzed by region. Not only quantitatively, but also the proportion of airports
that can be reached if the airline network is disrupted. In this paper, we converted
[ATA airport codes into invalid simple graphs for analysis by numbering. At this
time, the link weight is not considered. Robustness and correlation coefficient
are used as analysis indices of the aviation network. Robustness is a numerical
value that indicates the ratio of nodes that are isolated from the maximum con-
nected component against a node attack. One correlation coefficient is the degree
correlation between adjacent nodes and is calculated using Pearson’s correlation
coefficient. The correlation coefficient takes a value from -1 to 1. When this is
positive, nodes with the same degree tend to be connected, and when negative,
nodes with similar degrees tend to be hardly connected. When it is 0, there is no
order correlation. In addition, a random graph called a configuration model was
used for comparison. First, determine the order of all nodes. After that, any two
nodes are selected to generate a node pair. If the selected pair of nodes is less
than the setting, a link is created between the nodes. This method is used until
all node orders are satisfied. The configuration model was repeated 500 times, and
the average values of robustness and correlation coefficient were obtained. Results
In this paper,

- EU and USA airlines have characteristics for international flights in addition
to domestic or regional flights. In the USA, there are many in Latin America, and
there are few flights in Africa, Southeast Asia, and Oceania. On the other hand, it
can be seen that the EU offers flights to a wide area such as Africa, Latin America,
Asia, and Oceania. On the other hand, in LCCs, domestic flights are dominant
and international flights are very limited.

- It was found that the robustness was enhanced by the addition of LCCs to
FSCs in Europe and America. It was confirmed that the effect was particularly
high in the EU. The improvement in robustness in the USA is small compared to
the EU. This suggests that the EU FSCs is creating an extreme hub and spoke
structure when compared to the USA FSCs. On the other hand, the robustness of
the USA does not mean that the FSCs + LCCs network is as robust as the EU.



This does not mean that the US FSCs is as concentrated in the hub as the EU.
Key words:Aviation network , Robustness, Network analysis
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vry—Yy - 7AYH218 |LCC 61 31 3. 94 30 -0.607
AEV w MtZE 2017 LCC 338 75 9. 02 59 -0.414
2 v k222018 LCC 418 88 9.5 64  -0.409
TLYT V- TT 2017 LCC 811 242 6. 7 88  -0.287
TLYTY - TT 2018 LCC 849 263 6. 46 87  -0.271
HrHhy R —2017 LCC 661 256 5. 16 124 -0.292
Y H v bY—2018 Lce W7 270 5.9 125  -0.241
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KI2IZBWTEMELED R Y VT =7 DfIEERT. B, Uy =YV - TR
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754N —T 1%, BARDERDEEIZ L >TTUL 7 51 2V — TRz
TdHb. USA D FSC OFHEARENT —0.504 < r < —0.333 12 NEF>TWVWB. — /5T
EU Tl —0.875 < r < —0.392 OHIPFHIZINE > TE OIEMIAL > TWA. LCC D
Mg e UCARA Y MY —KA v bOMEZ iz EE5 & b dy, fuME
EROYV LY F2NTRAR—IEED XY VT —2 %25 LCCHIFEHET D%
ZAbnb.
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RTFSCIFREREENHKET S, ULNHLFSCOARY M7 =212 LCC A b %
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NN 5. —FHTLCC TIXENARERNTLMIZR Y, FEERIZIEREICED RS TW»
%. - WK D FSCIZ LCC 23l o 72 Z 212 & - Tl A3 <
BB EDNDIrolz. FHZEU TOMBNRE W EAMERTE /2. £/ USAILEH
WTOEBEMEDME EIX EU & HEARB E/NE W, ZTHid EU @ FSC % USA @ FSC
R D LM T & AR — I HEEREoTWAH EERZH6NSE. —HTUSAD
FEMEMETIX FSC + LCC 2w b7 —2TH BEUREBMERE L > TWBEHIT T
W, ZHUF USA D FSC A EUIERENTIZEFT L TWE WD Z 2 TR,
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