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CHAPTER 1: INTRODUCTION

This research is created with an objective to develop the new domestic flight
timetable to increase connecting passenger between two airlines. The whole
research process took almost a year in total, started from December 2015 and
finished in November 2016. For this research, the subsidiary airline in Thailand is used
as a case study where airline’s backeground, problems and expectation from the

study can be explored in this section.

1.1 Company Background

In the mid of 2012, a primary airline which a flag carrier launched a subsidiary
company for low-cost services with an aim to improve the group’s profitability. At
the beginning, this subsidiary airline used sub-brand model for the operation and
help the primary airline to redeploy the capacity by taking over short and medium
range flights in both domestic and international market. But after received the
securing and air operators’ certificate (AOC) from Thai authorities in 2014 (CAPA,
2014), this subsidiary airline became independent with the new strategy of “3S:
SMART — SABAI = SMILE” with an aim to be the leader for premium full-service

regional airlines and satisfies travelers who is looking for the convenience.

For SMART which is the first S in airline strategy, the subsidiary developed online
reservation and check-in system with mobile application to allows more ease of
access and booking. The second S is SABAI which means convenience that the airline
represents in term of the route variety, seamless connectivity, comfort cabin and

other additional services.

Currently, the subsidiary airline uses all new A320 airbus to provide services in 10
domestic and 11 international routes with the dual-based airport at Suvarnabhumi
International Airport and Don Muang International Airport. Besides, the subsidiary

airline has just added some more fleet in 2015 which make the total aircrafts equal
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to 20, in order to support the flight operation in new routes and increase flight
frequency of the existing routes. Furthermore, the airline has Lounge where foods
and beverages service is offered for the passenger including with the in-flight
convenience by giving the snack and minimum 30 kg. of baggage loaded with free of
charge. Aside from in-flight service, the airways also accommodate the passenger
whose destination is on the island in such Samui and Pa Ngun by providing no-charge

transfer service as well.

The last S in strategy is SMILE. With the service-excellent of flight attendances and
selected menu from many leading restaurants around Bangkok, the passenger will
receive smile and memorable flying experience. These are the intention of an
organisation that strive to improve customer’s satisfaction to become Asia’s favourite

airline in near future (Anon, 2015).

1.2 Statement of The Problem
1.2.1 High cost of operation

At the early stage of business running, this subsidiary airline put itself in low-cost
market segment but full-service is provided in such baggage load, in-flight meal.
Besides, the airline uses all new aircrafts with wider cabin spaces compared with the
competitor. With this reason, the operation cost of the subsidiary is much higher than
the rivals in the same market segment. Since the cost of operation influences to the
ticket price, as the result, the airline has to set air fare higher than the competitors
accordingly in order to obtain the profitability. This is a very big problem because in
low-cost market, price is the major concern but the subsidiary cannot satisfy
passenger at this point. Therefore, the company cannot compete with other airlines

and lose market share.
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Thai Smile 3%
Orient Thai 2%

Others
2%

Figure 1: Domestic capacity share (% of seats) by carrier: 20-Jul-2015 to 27-Jul-2015
(CAPA, 2015)

Besides, when the number of passenger is too low to cover fixed operation cost, the

company has lost in almost every route in last year. Refer to the airline’s financial

report in 2015, the average passenger of all flights was quite low at 41% of maximum

aircraft capacity as shown in Table 1. Therefore, the company is looking for more

passenger from other sources in such the partner like the primary airline. Regarding

to the decision management team, the airline will collaborate with the primary

airline by turning into feeder and help the primary airline distribute passenger in

domestic.

Table 1: Percentage of the subsidiary airline’s passenger compared with maximum

aircraft capacity in 2015

Route % passenger/ flight
DMK-CNX-DMK 79.22
CNX-HKT-CNX 4.51

CNX-HKT 13.79
DMK-KKC-DMK 55.44
DMK-HKT-DMK 61.80

BKK-CEI-BKK 69.91
BKK-CNX-BKK 30.46
BKK-KKC-BKK 36.44
BKK-UTH-BKK 73.86
BKK-UBP-BKK 55.40
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BKK-HKT-BKK 49.69
BKK-HDY-BKK 78.48
BKK-KBV-BKK 9.16
BKK-URT-BKK 36.97
BKK-NAW-BKK 13.44
BKK-MFM-BKK 23.01
BKK-RGN-BKK 6.21

Average 41.05

1.2.2 Lack of connectivity between primary and subsidiary airline

As mentioned earlier, since the subsidiary airline planned to be the feeder for the
primary airline in domestic, then flight connectivity between two airlines became the
major concern. Regarding to current flight timetable of both subsidiary and primary
airline in Figure 2 and 3, it is obviously seen that the subsidiary airline mainly
operates day-flisht while the primary operate flights almost all day. Therefore, the
subsidiary airline surely cannot serve the primary airline’s passengers in night time
and early morning. Besides the proportion of arriving and departing flight of the
subsidiary airline is not rather good, compared with passenger flow from the primary.
For the example, focus on 10:00 — 10:59 which is the period that has many arriving
flishts from the primary airline, and plus 1.5 hours of minimum required passenger
time at Suvarnabhumi International Airport, the number of departing flights of the
subsidiary airline between 11:30 - 12:29 should be frequently operated accordingly,
in order to support international passenger from primary airline. But currently,
proportion of arriving flight in this period is higher than departing as shown in Figure 2

and 3.
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Figure 2 : The subsidiary airline frequency at Suvarnabhumi International Airport
(Left)
Figure 3: The primary airline frequency at Suvarnabhumi International Airport (Right)

(CAPA, 2015)

By putting all current flights into bank chart for the connectivity estimation, the result
reveals that the level of connectivity between primary and subsidiary airline is very
poor due to the large number of overlapped flights in arrival and departure side.
Considering at the current arrival flight timetable of the primary airline to
Suvarnabhumi airport, there are 115 flights per day in total with 22 domestic flights
while the number of departure flight which provided by subsidiary airline is much

less than that.

For the departure side from Suvarnabhumi airport, currently, the subsidiary airline
operates 2 and 31 flights for international and domestic respectively. Considered at
these 33 flights, almost 70% has seamless connection with the primary airline’s
inbound flights. But from the primary airline’s perspective, only 55% of total arriving
flights can be connected within the maximum acceptable waiting time which is equal

to 3 hours.

Similar to the arrival side, the percentage of connectivity of the primary and
subsidiary airline is around 57% and 97% from the primary and subsidiary airline’s
perspective respectively. Although the connectivity rate looks healthy from the
subsidiary side because almost of all flights has opportunity to get the passenger
from primary airline, contradictory, passenger would not think so because the

passenger comes with primary airline so the primary’s perspective reflects the
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satisfaction of passenger. With this reason, in order to satisfy the passenger from
primary airline and gain more connecting passenger, the connectivity rate from

primary airline’s point of view should be improved.

Rt

Figure 4: Bank chart of subsidiary airline’s flights at Suvarnabhumi Airport
(Left is departure, right is arrival)

However, in term of connectivity, not only the number of possible connections is
concerned but also market demand. To obtain high level of connectivity, the flight
timetable should fulfil customer needs, otherwise, the number of connected flights
would be worthless. For the example, according to Star Alliance’s research in Q3 of
2015, Phuket International Airport (HKT) is the third popular destination for primary
airline’s passenger from Hong Kong International Airport and the airline dominated

rather high market share in this route at 32% approximately.

| bom 1t a1l Dom Op A1 0rig| st Pacsengers | Passengers Share
e}

L] HKG BKK 91,987 66%
I1G I1G HKG HKT 22,673 16%
I1G IG HEG ICN 11,081 8%
IG IG HKG ISBE 1,690 1%
OTHER 11,181 8%
TOTAL 138,612 100%

Figure 5: Primary Airline’s Passenger in Hong Kong - Phuket route compared with

other routes (Alliance, 2016)
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[bom v i Dom 0p i g | st Passengers Passengers share

1G HKG HKT 22,673 32%
KA KA HKG HKT 18,123 26%
FD FD HKG HKT 15,451 22%
uo ug HKG HKT 10,350 15%
cx cx HKG HKT 2,794 4%,

OTHER 1,591 2%

TOTAL 70,982 100%

Figure 6: Primary Airline’s passenger share in Hong Kong - Phuket route compared

with competitors (Alliance, 2016)

With this reason, the flight from Suvarnabhumi International Airport (BKK) to Phuket

International Airport (HKT) should be placed following to arrival flight from Hong

Kong in order to obtain high level of passenger flow. But currently, the subsidiary

airline allocated this flight after arrival flight from Dubai (DXB) and Helsinki (HEL)

which has not much demand from the primary airline as shown in Figure 7 and 8.

Therefore, even the subsidiary operates a flight to Phuket International Airport which

offers the seamless connection, only few passenger connectivity is gained.

[Dom bt 1| Dom 09 A1l g | Dest | Passengers Passengers Shre

EK EK DXB HKT 5,318 84%
G iG DXE HKT 623 10%
MH MH DXB HKT 157 2%
R R DXB HKT 148 2%
OTHER 59 1%
TOTAL 6,305 100%

Figure 7: Primary Airline’s passenger share in Dubai - Phuket route (Alliance, 2016)
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Figure 8: Primary Airline’s passenger share in Helsinki - Phuket route (Alliance, 2016)
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1.2.3 Low utilisation rate of aircrafts

In the case study airline, one of the major fixed cost of operation comes from aircraft
leasing which cost about £240,00 - 280,000 per month. Therefore, the less utilisation
refers to the more fixed cost of operation per flight. However, the subsidiary airline
did not efficiently use the resource at all as shown in Table 2, the average utilisation
hour of last year (2015) is about 39% of the maximum capability which is the very
small number. Therefore, the fixed operation cost per flight was so high that made
the profitability lost. With this reason, the airline need to capture more passenger in

order to increase income and compensate with the high fixed operation cost.

Table 2: Number of aircraft and utilisation hour in 2015

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
No.of | g 17 17 19 19 20 20 20 20 20 20 20
A/C
Utilisa-
tion 08:17 08:24 08:38 08:30 09:49 09:59 09:59 10:00 09:59 10:01 10:17 10:17

1.3 Current Process for Flight Planning

Currently, the fligsht schedule is revised twice a year for both summer and winter
season by management team, regarding to company’s performance and historical
market demand. The rough decision about routes and frequency of flights will be
decided and then forward to planning team. Normally, both management and
planning team use the flight schedule of the same season in the previous year as a

reference and adjusted it following to the new strategy.

Start of the flight scheduling process, the planner considers the requirement from
management team as the first priority to developed the new flight schedule, then
compare the historical demand with seat capacity. Besides, the market environment
also explored and considered for future trend prediction. After that, the flight
schedule is adjusted according to analysed result. If the seats capacity is insufficient,
the additional flight is required. The distance for that particular flight will be defined

with the minimum required travel time which called block hour and allocated to
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available time slot which provided by the Airports of Thailand public company
limited (AOT).

To visualise and evaluate the level of connection between inbound and outbound
flights, currently, the planning team uses bank chart as an only method. With this
tools, the number of possible connections are identified for each time slot and it is
used as a score to assess the efficiency of time slot as well. The current flight will be
independently considered and randomly shifted up/down within the limited

timeframe to find the highest number of possible connecting airports for each flight.

Lastly, after all flight are allocated and the final schedule is constructed, the
subsidiary airline will upload the flight schedule into program called Merlot for fleet
rotation and assignment bases on the existing aircraft capacity and standard ground
time. As a result, the timetable for each aircraft is generated with an optimal solution

in term of utilisation hour.

1.4 Objectives Research Objective

This research aim to increase number of connecting passenger between the primary
and subsidiary airline at Suvarnabhumi International Airport for winter period (end of

October to mid of March).

1.5 Scope of Study

This research focuses on connectivity between the primary and subsidiary airline
only, therefore, all flight at Don Muang International Airport will be ignored because
the primary airline does not operate flight at this airport. As the company plan to
collaborate with the primary airline, therefore, this project should offer benefit to

both sides.
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Considered at the primary airline, it mainly operates international flights while the
subsidiary does the opposite way; 75% of all flight has the domestic destination.
With this reason, the subsidiary airline plans to help primary airline distribute
passengers within the country. Thus, only domestic flight will be considered in this
study. According to the subsidiary airline’s objective to provide seamless connectivity
for the international passenger from the primary airline, only the connection within
passenger’s acceptable waiting time is considered. At the first stage of
implementation, the subsidiary airline only concentrates on winter season which is

the high-demand period.

However, the improvement of connectivity unavoidably causes the impact on
utilisation of aircraft which leads to the cost of operation as explained in section
1.2.2, therefore, the utilisation rate is also included in the consideration. However,
since the main objective is to increase connecting passenger, the utilisation is

considered as the second priority.

Aside from utilisation, the flight scheduling also effect to resource as well. Regarding
to the airline’s requirement, the company has no intention to invest more on
aircraft. Therefore, the developed flight timetable must not consume more than 5
aircrafts which is the number of current available fleet. However, the investment in
other type of resources such as new time slot, additional cabin crew are allowed so

these is excluded from consideration in this project.

Lastly, since the main purpose of connecting passenger increment is to add up the
total of passenger volume per flight, therefore, the point-to-point demand must be
remained. In the other word, the new flight schedule must not cause the negative

impact on the existing passenger demand of both primary and subsidiary airline.
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1.6 Expected Benefits

From the result of this research, an increased volume of connecting passenger is
expected for the subsidiary airline’s domestic flights and this would bring about the
higher profit accordingly. In additional, the air network would expand due to the
more variety of possible connected destination airports which are offered through
the new flight timetable. Besides, fleet utilisation should be improved by the

additional flight operations.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

In order to provide the more understanding about in aviation industry and flight
scheduling process, the published papers and journals are reviewed. In the first
section, 2.2, hub and spoke (H&S) network is introduced. Then the approach to
develop the network is explored accordingly. In section 2.3, wave-system structure
that helps to create hub is explained. To develop the hub, information is essential so
the approaches to obtained information are discovered. The interview and
forecasting methods with error measurement tools are explored and discussed in
section 2.4 and 2.5 accordingly. Since the objective of this project is to increase
connecting passenger through fligsht scheduling, therefore, the scheduling model are
studied and described in section 2.6. Additionally, the heuristic search; Branch-and-
Bound and Greedy algorithm which helpful for scheduling problem are explained in
this section as well. Lastly, the approach to measure minimum required resource is

explored in section 2.7.

2.2 Hub and Spoke

In recent years, airline network and scheduling are playing a key role in marketing.
Hub-and-Spoke (H&S) model which had been developed by Delta Airline is used to
configure the air network and maximise the number of destinations under the
restriction of the airline’s capacity (Scholz, 2012). The concept of the H&S system is
to concentrate traffic at one airport called hub and then distribute to connecting
cities which considered as the spokes. Therefore, the passenger can travel between
any two airports in system with one stop or in the other word, “from anywhere to
everywhere” (Hannson et al., 2002). The characteristic of H&S network in many
different aspects are briefly described in comparison with Point-to-Point (P2P) as in

following Table.



Table 3: Characteristics of Hub-and-Spoke and Point-to-Point Route systems (Cook

and Goodwin, 2008)
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Attribute Hub and Spoke Point-to-Point

Scope Optimized by connecting service | Each route serves a single city-
to wide geographical area and pair. Individual routes may be

Connectivity Most passengers connect at No connections provided
hub(s) for a continuing flight(s) (although incidental or “rolling
to destination bub™ connections are common)

Dependence Each route highly dependent on Routes operate independently,
other routes for connecting traffic is not affected by demand
passengers from other routes

Demand Varying demand in any given Only varying frequency and
city-pair may be offset by pricing available to counter
demand from other markets demand variance

Market Size Efficiently serves cities of greatly | Requires high density markets
varying size with at least one end-point being

 high d 1 origin/destinati

Frequency Supports high daily frequency to | Generally lower frequency

all destinations depending on market type and
density

Pricing Frequency and coverage appeal to | Both business and leisure
business travelers providing a passengers are generally price-

Asset Utilization Limited by network geography, No network constraints on
connection timing, and hub utilization
congestion i

Cost of Operation Hub connections significantly Lowest cost per available seat
increase cost per available seat mile per city-pair
mile, somewhat offset by use of
larger mainline aircrafi

Fleet Requirement Large range in seating capacity is | Suited to a single fleet type
necessary to match capacity with
traffic, usually requires more than
one fleet type

Regarding to PwC’s air traffic demand modelling professionals in London, the airline

business model can be classified into three broad categories; low-cost carrier,

network carrier, and hybrid as show in Figure 9. For the LCCs, P2P network system is

used. Furthermore, there is not much variety of destinations offered, but with the

ability of low-fare, LCCs extend market and enhance connectivity by providing the

service from and to secondary airport which is not previously served instead.

Consequently, the H&S network system seems to have no significant advantage to

this carrier type. Thus, this model is only applicable for network and hybrid carrier

where the flights to wide range of destinations are operated with high frequency.
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Figure 9: Types of airline business models (Morphet and Bottini, 2013)

For network carriers, since the wide range of destinations is provided, some route has
low density so a hub-and-spoke model is used to unite air traffic (Morphet and
Bottini, 2013). Delta Airline is a good example for this. The airline provides flight from
Charleston, SC to Memphis, TN but the demand in this route is not sufficient. Thus,
the airline split this flight and stop at Hartsfield Atlanta International Airport which is
the hub for airline’s system in order to consolidate the traffic. Apart from this, there
was another study by Wei & Hansen about passenger demand in H&S network. The
result revealed that by using H&S with higher flight frequency, the number of
connecting passenger demand also raise and this is more efficient than the aircraft
capacity increment. Besides, this research also confirms about an importance of local
service for connecting passenger that the first flight leg services are more attractive to

passengers than the second flight segment (Wei and Hansen, 2006).

In additional, H&S network also offers demand advantages through the wider range of
indirect destination and higher flight frequency. In single hub network with n spokes,
there are n(n — 1) /2 offered indirect destinations which is much more attractive for

passengers than point-to-point where only one destination is offered. Besides, H&S


http://www.atlanta-airport.com/
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system provides the most efficient way to connect many points with the lowest
required routes (Anon, 2016). For an instance, 8 routes are required in H&S network
to link 9 points while 28 routes are required in point-to-point (P2P) system.
Therefore, the fewest number of aircraft is required for any given level of frequency
and number of destinations (Button, 2002). From airline perspective, this is another
way to improve utilisation of asset and expand market into new destinations by using
the left aircrafts. With wider coverage area, the airline would obtain more

competitive advantage accordingly (Gillen and Morrison, 2005).

A hub airport is the most efficient way of connecting many points.

&) @
= & & @
e @ o ® &
@ ® & &
® @
Hub Point-to-Point
linking 9 points, requires 8 routes linking 8 points, requires 28 routes

Figure 10: Linkage among all nodes in hub network compare with point-to-point

network (Anon, 2016)

Within H&S network, waiting time at the hub is unavoidable and this result in certain
passenger demand loss. However, this drawback can be minimised by a wave-system
structure in flight schedule. Through this structure adoption, the number of
indirection destinations will be increased. Furthermore, the density of traffic is also
raised from consolidation as well. Besides, the hub congestion which could bring
about entire network delay is another challenge for the airlines (Lederer and

Nambimadom, 1998).
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2.3 Wave-System Structure

In high competitive market, the airlines operate a hub wave-system in order to
maximise the number of connecting opportunities (Bootsma, 1997). In term of
quality, service frequency and time are considered because unsynchronised incoming
and outgoing flights can bring about passenger lost due to long waiting period. With
this reason, wave-system structure is applied to visualise the connectivity and find
the optimal frequency of indirect flight which could give the best performance in
term of connection including with appropriate time window for each flight (Danesi,
2006) . At first, all incoming and outgoing flights are represented in the chart as
shown in Figure 11 then the parameter for wave-system is constructed with (Bejan

and Merkx, 2007);
1. The specific number of flight waves

2. The timing of waves or hub-repeat cycle (Dennis, 1994)

3. The structure of the individual waves

These 3 interrelated elements are represented in the triple (N, H, S) where N is the
number of waves, H is hub repeat cycle, and S is a dummy variable. For example, S
= 0 or 1 when continental fleet stays overnight at the hub or spoke accordingly.

(Danesi, 2006)

W Arrivals

O Departures.

Figure 11: Schedule wave-structure of departure and arrival flights at hub airport

(Danesi, 2006)
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Ideally, the connection wave for hub should correspond to the time-window in
which arrival/departure flights are schedule at the hub and the transfer period for
both passenger and baggage. Therefore, two elements which are minimum connect
time and trade-off exist between maximum acceptable connecting time for
passenger and maximum number of flight in time-period are involved in
consideration. By applying the following theoretical definition of ideal wave, the

actual wave-system can be efficiently constructed (Burghouwt, 2003).

ICA-arriving window: [C — T; + 0.5T,, C — M; + 0.5M_]

ICA-departing window: [C + M; — 0.5M.,C + T; — 0.5T,]

EUR-arriving window: [C — 0.5T,,C — 0.5M_]

EUR-departing window: [C + 0.5M, C + 0.5T¢]

Where T; is the maximum connecting time involve intercontinental flights
T, is the maximum connecting time involving European flights
M; is the minimum connecting time involving intercontinental flights
M, is the minimum connecting time involving European flights
C is the wave centre

In practical term, competitors’ frequency or profitable opportunities to increase
utilisation of aircraft must be induced in decision making for flight timetable
construction within hub-and-spoke network. Furthermore, in relation to a wave-
system structure, complexity costs are associated with the relatively low aircraft
utilisation and reduced utilisation of resources (Bootsma, 1997, Franke, 2004).
According to many case studies, in term of indirect connections, there are the
evidences show that the airline hubs with wave-system structure had better
performance than the hubs without a wave-system (Bejan and Merkx, 2007). Iberia,

the first Spanish flag-carrier that fly from Europe to South America, adopted hub-and-
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spoke network to relieved the financially trouble. Therefore, the wave-structure was
implemented at Madrid in 1996/1997 and turned this airport into a hub in a strict
sense. However, due to the inappropriate flight time, Iberia missed the opportunity
for carrying local, high-yield business traffic. Therefore, in July 1999, the airline
change morning flight time from 10 to 8.20 am. instead which satisfy passenger.
Moreover, the new flight time also synchronise with domestic and international
flishts to/from Barcelona. As a result, this system created quite a large number of
frequencies on Madrid-Barcelona route which has the largest capacity in 2003
(Burghouwt, 2005). Consequently, the airline’s competitiveness was significantly

improved with regard to the hub connections.

2.4 Interviews in Conducting a Research

Data gathering is one essential element in the research conduction. Data
accumulation and collection can be assembled from various sources, which
incorporate records, the work environment, the Internet studies, centre gatherings,
field notes, polls and taped social communication or interviews (Knox and Burkard,
2009, Polkinghorne, 2005). The interviews are generally utilised as a method of data
gathering, in particular organised interviews, semi-organised interviews, unstructured
interviews and non-order interviews, and a portion of the moral issues required in
leading interviews (Kajornboon, 2005). Data gathering is a key segment to directing
exploration and it is an entangled and hard errand (Jol and Bristow, 2003). It is the
part of the analyst to make inquiries and the inquiries should inspire substantial
reaction from respondents (Richardson and St. Pierre, 2008). The double objectives of
rousing the respondent to give full and exact answers while avoiding predispositions
coming from social allure, congruity, or different builds of lack of engagement.
Interviewers that have been appropriately prepared, and assume the correct part of
the interviewers alongside very much composed inquiries can lead a decent
interview. It is vital for the scientist to get ready before the real interview. The

interview begins before the interview really starts.
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25 Demand Forecasting & Error Measurements

Forecast is a fundamental of strategic planning and decision making in supply chain
management. Since the organisation knows the demand in market, the effective plan
can be created to serve the demand with optimal resources and this could help the
organisation to obtain high benefit from market accordingly. However, in practical
term, there are many factors from both internal and external that influenced to
customer’s demand and some are uncontrollable or unpredictable. With this reason,
error is unavoidable in forecast but it can be reduced by using the proper methods.
According to Chopra and Meindl, there are 6 basic steps which could help to
improve the efficient of forecasting (Chopra and Meindl, 2007).

1. Identify the objectives and scope time period

N

Systematically collect data

3. Classify products or services by demand characteristic in order to select the
proper tools for each segment

4. Identify constrains and effecting factors

5. Choose the most appropriate forecasting methods based on the data and

situation

6. Accuracy measurement and continual adjustment.

2.5.1 Forecasting Methods
2.5.1.1 Moving Average (MA)

Due to the difference objectives, concerning time period, and data pattern, many
forecasting techniques were developed. Moving Average is a very simple forecasting
method where the weight of all data value is assumed as the equal. However, in
order to obtain the best fit to the data value N is applied in this method. If the time-
series data slowly changes, N value should be small. Contradictory, if there is the

fluctuation change in the data, N value should be high. With this method, large
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amount of data is required for data pattern analysis and proper N value setting. All

equations that used for MA forecast are shown below (Chopra and Meindl, 2007).

Systematic Demand = Level

Equation 1: The systematic demand for MA
Ly = (D¢ + Deyq + -+ Deyny1) /N

Equation 2: The level parameter for MA

Equation 3: The forecasted value of MA

Where: F; is a forecasted value for time period t

L¢ is a level value for time period t
2.5.1.2 Exponential Smoothing (ES)

Regarding to the weak point of equal weight, Exponential Smoothing (ES) was
developed from MA. For ES, the most recent data is considered with the highest
weight and exponentially decreasing for the following data. The smoothing constant
called a with value from 0 to 1 is involved in calculation instead of N. With this
reason, the number of required value is decreased to 3; (1) current data, (2) previous
forecasted data, (3) smoothing constant. Since a value plays a key role in forecast,
therefore, the proper configuration is important. There are some recommendations

for constant valuation as following (Chopra and Meindl, 2007);
- If a = 1, the forecasted value is considered as Naive Forecast where the
forecast in next period is same as currently

- If a value is great, the precedence is given to the most updated data so this

is appropriate with fluctuate data set
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- If @ value is small, the precedence is given to the least updated data so this
is appropriate with quite stable data set

- Since a value influences to the accuracy of forecasted result, therefore, in
practical term sum square error is used in order to help the analyser pick the
most appropriate smoothing constant by using the value which allow the

minimum error.

The equations for this method are shown as below (Chopra and Meindl, 2007).
Systematic Demand = Level
Equation 4: The systematic demand for ES
Liyi =aDip) + (1 —a)l;; a=0.1

Equation 5:The level parameter for ES

Equation 6: the forecasted value for ES

Where: F; is a forecasted value for time period t

L; is a level value for time period t
2.5.1.3 Holt’s Model

As mentioned earlier, the ES still has drawback due to the defection of data tends.
With this reason, Holt extended ES to linear ES where forecasting data with trends is
allowed. Thus, the trend is added in systematic demand in Equation 7. Two
constants, @ and f are used in additional where 0 < a, f < 1. The purpose of a is
same as ES and constants £ is especially involved for trend-adjust smoothing

(Chopra and Meindl, 2007).
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Systematic Demand = Level + Trend
Equation 7: The systematic demand for Holt's model
Liy1= a(Dey) + A —a)(Le + Tp)
Equation 8: The level parameter for Holt's model
Tevr = B(Lesyr — L) + (1 = BT,
Equation 9: The trend parameter for Holt's model
Fro1 =Le+ T,

Fiin = L¢ +nTy

Equation 10: The forecasted value for Hotl'ts model

Where: F; is a forecasted value for time period t
L¢ is a level value for time period t

T; is a trend value for time period ¢
2.5.1.4 Holt-Winter’s Model

Naturally, the demand of any products or services often has seasonal pattern. There
is a tendency that demand will repeatedly exhibit the same behaviours in every N
periods. Therefore, Holt-Winter’s model (HW) was developed regarding to this
concern. As both trends and seasonality are considered in this method, the third

smoothing constant y for seasonality is introduced where 0 <y < 1.
Seasonal Factor (SF) = A ctual demand /Deseasonalise Demand
Equation 11: The seasonal factor parameter for Holt-Winter's model
Systematic component of demand = (Level + Demand)XSF

Equation 12: The systematic demand for Holt-Winter's model
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From the above Equation 11, deseasonalise demand (D,) is used in the calculation.
The purpose of this is to eliminate the fluctuation from seasonal changes and

smooth data with the following equation.

( t—-1+(p/2)
Di_(ps2y + Desps2) + Z 2D; /Zp for p even
- i=t+1-(p/2)
De =1 t+lp/2|
D; for p odd
\ i=t—|p/2]

Equation 13: The deseasonlised demand equation for Holt-Winter's model

Additionally, seasonal index is also used in this method to indicates how much the
considered period typically deviates from the average. Since HW model concern
about trends and seasonality, this is the most coverage method among all

mentioned techniques (Chopra and Meindl, 2007).

The HW model can be classified in to 2 sub types depending on the type of
seasonality which are Multiplicative and Additive Seasonal Model. For the properly
type classification, the different between multiplicative and additive must be
addressed. By considering at the demand in same period of cycle, the type of
demand can be identified. For example, during the month of April, the air traffic from
Bangkok, Suvarnabhumi International Airport to Phuket International Airport is
increased by 10 thousand every year. Thus, this number should be added into the
forecasts for every April to account the fluctuation. In this case, the seasonality is
additive. But, if the traffic is proportionately increased based on the previous
demand, it is multiplicative. Regarding to the different behaviours of data, the time
series model (y;) for multiplicative and additive with related forecast equations were

differently formulated as shown in the following section (Kalekar, 2004).
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a) Multiplicative Seasonal Model

Yt = (Dp—q + Gr—1)S—1,

Equation 14: The forecasted demand value of multiplicative seasonal model

D; = a(y/Se-1) + (1 — a)(De—y + Gi—y)

Equation 15: The estimated deseasonalised level of multiplicative seasonal model

Gr=BSe+Se-1) + (1 =BGy

Equation 16: The estimated trend of multiplicative seasonal model

Se =v(We/S) + (1 + V),

Equation 17: The estimated seasonal index of multiplicative seasonal model

b) Additive Seasonal Model

Ve = (De—1 + Gy + $p21)
Equation 18: The forecasted demand value of additive seasonal model
De = a(ye — Se-1) + (1 — a)(De—q + G¢_y)
Equation 19: The estimated deseasonalised level of additive seasonal model
Gt = ﬁ(gt + §t—1) +(1- ﬁ)ét—l
Equation 20: The estimated trend of additive seasonal model

§t =y — §t—L) +(1+ Y)'S_‘t—L

Equation 21: The estimated seasonal index of additive seasonal model

Where: y, is the forecasted value of time period t
D, is the estimated of the deseasonalised level of time period t
G, is the estimated of the trend of time period t

S, is the estimated of seasonal component (seasonal index) of time period t
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L is the length of seasonal period
2.5.2 Error measurement techniques

Since the goal of forecast is to find out the most accurate result for further planning
or use. Thus, the error must be assessed in order to ensure the correctness of
forecasted value. There are many tools and techniques to evaluate the accuracy of
forecast, but in this section, only 3 common techniques (Silver et al., 1998) are

explained.
2.5.2.1 Mean Absolute Deviation (MAD)

This technique use the average error to assess the accuracy in same unit as the data

which helps conceptualise the amount of error and helpful in assessing cost.

n
1
MAD = —ZIetI
n
t=1

Equation 22: Mean absolute deviation
Where e, is the error value of period t and n is number of considered time period.
2.5.2.2 Mean Squared Error (MSE)

This technique use the average of sum squared forecast errors to measure the

accuracy of calculation.

Tel

n

MSE =

Equation 23: Mean squared error

Where e; is the error value of period t and n is number of considered time period.
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2.5.2.3 Mean Absolute Percentage Error (MAPE)

Differently from the above two methods, MAPE express accuracy in percentage,
thus, it can be easier to understand. Regarding to the formula that shown in
Equation 24, actual value is involved in calculation which make this technique has
more advantage in comparative term than MAD and MSE (Stadtler, 2005). Sine the
MAPE is scale sensitive so care needs to be taken when using it with low-volume
items.

et
t

> x100

MAPE =

Equation 24: Mean absolute percentage error

Where e, is the error value of period t
y; is the actual value of period t

n is number of considered time period.
2.5.3 Case Study

There was a study for Lufthunsa Airline in 2010 where four quantitative forecasting
methods are applied. In this paper, moving average (MA), exponential smoothing (ES),
Holt's model, and Winter's model are used for passenger traffic forecasting to find
out the most efficient method. Generally, both MA and ES are employed in the only
level situation like deseasonalised demand. But passenger demand is seasonal, thus
forecasting errors from these two method are rather high as show in Figure 12 and
13, even smoothing constant (alpha) was applied in order to reduce error from ES

calculation (Singh and Das, 2010).
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Figure 12: Forecasting through 4-Period Moving Average & Forecasting Errors (Singh
and Das, 2010)
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Figure 13: Forecasting through Simple Exponential Smoothing & Forecasting Errors
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The other left 2 methods; Holt’s and Winter’s Model, were developed from ES but in

Holt’s Model, regression analysis wherein time period was considered. Additionally,

all characteristic features of demand data in such level (Lt), trend (Tt), and

seasonality (St) are observed in Winter’s model to make the output more accurate.

Therefore, the forecasting errors from these models were less than first 2 techniques.

Traffic Abzaluat: Emmor
Periodit)  Cuarars )] Trend(T}) Lavel (1) Forecast(F)  Emor (E) [AF) Mean Souared Emor (MSE)
i 170154.752 | 12043178.57
1 00§Q-4 13232000 270528085 | 13215200 | 1321333333 -18665.57 18666.66667 349444444 4
1 007Q-1 12339000 247 1337105520 | 134857281 11467281 1146728.005 6.5TS6TE+11
3 M07Q-2 14529000 257800.557 | 1371968394 | 1361864882 1010351 1010351.181 778T14E+11
4 007Q-3 15501000 103070.857 | 1413883604 | 1308748440 1513516 1513515 506 L15§72E+12
5 007Q-4 13877000 720 | 14300016.20 | 14436006.01  450006.01 450006.0118 B5767TE1L
6 0EQ-1 12980000 25505605 | 1451070005 | 1467078205 1600TRES |  16907EE.040 1.28285E+12
7 I00EQ-2 15386000 26746161 | 145277903 | 14765767 4620233 6202329957 1.15455E+12
5 008Q-3 15208000 260016.571 | 15107526.72 | 1500525101 -122748.1 122748 0864 LOI211E+12
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Figure 14: Forecasting through Holt’s Model & Forecasting Errors (Singh and Das,
2010)

Table 4: Regression Analysis for Finding out the Deseasonalised Demand (Singh and

Das, 2010)

Y (Deseasonalized
X (Period) demand)(Dyg;)
3 14018375
4 14192750
5 14368630
6 14427880
140439.5 13619931
To Ly




Table 5: Calculation of Seasonal Factors of Winter’s Model (Singh and Das, 2010)

Actual Deseasonalized Seasonal factors
Period(t) Quarters demand (D) |  demand (De) Di=L+Tt (Di/Dy)

0

1 2006Q-4 13232000 137603705 0961602015
2 2007Q-1 12339000 13900810 0.887646116
3 2007Q-2 14629000 14018375 140412495 1.041858846
4 2007Q-3 15501000 14192750 14181689 1.093029137
5 2007Q-4 13977000 14368630 143221285 0.97590243
6 2008Q-1 12989000 14427880 14462568 0.898111594
7 2008Q-2 15386000 146030075 1.053618578
3 2008Q-3 15218000 14743447 1.032187385

Table 6: Determination of Level, Trend, and Seasonal Factors (Winter’s Model)

(Singh and Das, 2010)

Penodit) | Quarers Actual Deseasonalized | Estimated Seasonality LeweliL) Trend(T)
Traffic (Dy) demand (D) d;uw.lwna\l‘ircd S
demand (D)

o 13619931 1404395

1 2006 (- 4 13232000 13760370.5 0968752222 13755292 34 139931 6844
2 20407 - 1 12339000 13900810 (.BO2ETHESS 13801430.02 130552 284
3 2007 -2 14620000 14018375 140412495 1047738712 1402755572 139209.6254
- 20007 (- 3 13501000 141927 50 14181689 1062608286 14187811.57 141314.2474
5 2007 - 4 13977000 14368630 143221285 0968072702 1433456779 141358 4444
6 2008 (- 1 1 2989000 14427880 14462568 0892415518 14480348 BR 142250709
7 2008 - 2 13386000 14603007 .5 1047252432 14626058 49 1425965944
8 2008 - 3 13218000 14743447 1063603208 14744378 140158 80402
0 0968770088

10 [LBOZET4R43

11 1047722994

12 1062255808
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Figure 15: Forecasting through Winter’s Model & Forecasting Errors (Singh and Das,

2010)

In this paper, the errors were calculated by four methods; Absolute error (AE), Mean

squared error (MSE), Mean absolute deviation (MAD), and Mean absolute percentage

error (MAPE). From all assessment tools, the result represented that Winter’s model

is the most effective one among four forecasting methods. Moreover, from the

comparative analysis that shown in Figure 16, the output from this model also

reflected the best manner to historical demand pattern.
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Figure 16: Comparative forecasted traffic from 4 forecasting methods (Singh and Das,

2010)
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Regarding to this research, passenger demand for Lufthunsa airline was considered as
seasonal and Winter’s Model is the best forecasting method because it gave the

most accurate result.

2.6 Variable Market Share Flight Scheduling Model (VMSFM)

Few decades ago, Yan and Young developed a set of network models for effective
short term flight scheduling problem solving and help to route fleet following the
draft timetable under all operation constraints. Their model was studied and
improved since then. Yan and Tseng incorporated the two phase into a single
framework and developed an integrate scheduling model for multi-fleet routing and
flisht scheduling with an aim to maximise profit. Unfortunately, this model was
developed under fixed constraints, projected market share, and demand which is
totally different from real market. Therefore, Yan, et al. (2005) constructed a new
model called variable market share flight scheduling model (VMSFSM) with the

similar objective to help Taiwan Airline maximise profit (Yan et al., 2005).

According to this study, the major elements of this model were built by using time-
space networks, passenger model, and the mathematic formulation. Consider at the
time-space network, there are 2 sub-network inside which are fleet-flow time-space
network and the passenger-flow time-space network. These two network represent
the flow of fleet and passenger by using node and arc as shown in Figure 17 and 18

respectively.
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Figure 17: Fleet-flow time-space network (Yan et al., 2005)

Figure 18: Passenger-flow time-space network (Yan et al., 2005)

After the network is created, passenger demand is predicted with passenger choice

model by using the probability function (Yan et al., 2005) as shown in Equation 25

and 26.
vy = altdvl + afffii + afatl + afwt], + altt],
Equation 25: The utility value for passenger choice model
evia
Probz(i) = —
depl! e’ia
Equation 26: The probability value for passenger choice model
Where:
74 the utility value for passenger arriving at node i who will choose airline a in

the nth passenger network.
dvyg  the dummy variable of airline a in nth passenger network

ffix  the flight frequency for airline a at node i in the nth passenger network

41



a2

atgy  the average ticket fare for the target airline a in nth passenger network

wt]},  the waiting time for passenger arriving at node i who choose the next
departing flight of airline a in nth passenger network

ttly,  the travel time for passenger arriving at node / who choose the next departing

flisht of airline a in nth passenger network

al the cth parameter associated with the choice attribute in nth passenger
network
Prob}) probability value for passenger arriving at node i who choose the

airline a in the nth passenger network

D} Set of the airline that provide flight at node i in nth passenger network

In this study, four major factors; flisht frequency, ticket air fare, waiting time, and

travel time are involved in the calculation.

Regarding to time-space network and result from passenger choice model, the
functional equations are formulated as shown in Appendix A with an aim to
simultaneously flow both fleet and passenger in network at the minimum cost.
Since the model was formulated as a non-linear mixed integer program, it is more
difficult to be solved than integer or mixed integer linear programs. With this reason,
a heuristic approach is applied for efficient problem solving. The solution process is
outlined as follows:
1. Set the draft timetable and market demand of the airline and its
competitors
2. Apply passenger choice model to calculate market share
3. Transfer VMSFSM into fixed market share flight scheduling model
(FMSFSC) which is linear mixed integer model and solve it to obtain fleet

flows.

4. Calculate passenger flows under fleet flows
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These steps were repeatedly processed from step 2 until the better solutions cannot
be found. Additionally, in order to evaluate the effectiveness of heuristic algorithm,

the lower bound solution also involved in the calculation (Yan et al., 2005).

However, the algorithm was constructed for single-fleet operation. Even it could be
extended to multiple fleet, it cannot efficiently solve large-scale problems. Besides,
the conditions of any markets are different so the passenger choice model might not
applicable, thus, it must be specifically modified following to the target market

characteristic.

2.7 Minimum fleet determining

According to Rajotia et al., the deterministic case of the minimum required vehicle
determination was studied. A mixed integer programming model was discussed with
load handling time, empty travel time, waiting and congestion time consideration.
The objective of this model is to minimise empty trips. Regarding to the result from
analytic method compare with simulation, an underestimated vehicle fleet size is
given (Rajotia et al., 1998). In 2003, Iris, Rene, and Martin also studied about this
problem and developed their own integer linear programming model. By considering
to work processes and constraints then transformed this information into mathematic
functions. Release, due, travel, and arrival time were considered for vehicle planning
including with the travel route. Therefore, graph was also applied to help for path
choosing. After the model was developed, it had been efficiently solved by heuristic
approach. Although the calculated result was underestimated, it was close to the

result from simulation under various conditions (Vis et al., 2003).

2.8 Heuristic Approach

This is the basic concept for problem solving and decision making which developed
by Israeli psychologists Amos Tversky and Daniel Kahneman (Kahneman et al., 1982).

Although the researches in early stage mainly focused on psycholosgical aspect, the


https://en.wikipedia.org/wiki/Israel
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https://en.wikipedia.org/wiki/Daniel_Kahneman
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thinking process had been continually studied and developed since then until it
became the fundamental of many decision-making theories nowadays.

To apply heuristic approach, there is no fixed or standard procedure. In the other
word, no exact starting point, processing steps, or conditions is required for this
technique and the exact numeric output cannot be identified either.

The travelling salesman problem (TSP) is a classic example to demonstrates the
application and advantage of heuristic approach. The problem describes a salesman
who must travel to N cities (only one time for each) and come back to the start
point with the minimum cost. The best and most expensive solution is to simply try
all (N — 1)! possibilities, but in this case, only a half is count since each route has an
equal route in reverse. Therefore, possible route (R) can be formulated as below
equation.

_(N=1)!
- S

Equation 27: Possible route for TSP

If the number of target cities (N) is 10, there will be possible 181,440 routes and if
one more city is added the possible route will be increased to nearly 2 million. This
is obviously seen that even the small change can make the problem much more
complex and difficult to be resolved because all alternative ways must be checked
to find the solution. With this reason, the problem is not possible to be answered
within the polynomial time. In the other word, this is categorised as NP-hard
problem. Thus, to solve this in the shorter time and lower cost, the heuristic concept
is used instead. With this approach, there is no need to check all possibilities but
focus only some solutions that better than the reference, so the execution time can

be enormously decreased.

Practically, even this approach is very helpful for complex problems in term of cost
and time, Facione (2006) warned that heuristic is only shortcut, not fail-safe rules

because it frequently refers to a trail-and-error rule or rule of thumb. With this
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reason, the approach is commonly used in cost-and-time-sensitive industries (Baldauf

et al., 2009).
2.8.1 Branch and bound

To optimised the result from heuristic search, many algorithms were developed.
Brach-and-bound (BnB) is the one of well-known heuristic search algorithm that
widely-used for many problems solving. By using BnB technique, one solution for
considered problem is set as an objective. If the better solution can be found during
the searching process, the objective will be replaced by that particular solution. The
process will be continually done until all possible solution is checked. However, the
completed path is no need for BnB then the execution time can be reduced

(Hartmann, 1999, Edelkamp and SchroBlL, 2012).

To explain how BnB works, the TPS is used as an example. With the given distance

between each city as shown in Table 7, the first route is set as following;
A—>B—>C—>D=10+15+10 = 35

Therefore, if the selected route give more value than 35 since the beginning then it
can be ignored which help for time reduction. In this case, all route from A to D is
neglected because the distance between A and D is 50 which is higher than objective

value.

Table 7: Distance between all city within sample scenario for branch-and-bound

City| A B C D

A 0 10 30 50
B 0 15 20
C 0 10
D 0

However, branch and bound still takes long time in large data set because all

alternatives needed to be checked and compared.
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2.8.2 Greedy Algorithm

To relieve the weakness from non-optimal guarantee, developed. Greedy Algorithm
which is kind of best-first search algorithm was developed. With this approach, the
best node always selected so at least there is a guarantee that the output for every

single step is the best choice.

To explain how this algorithm works, TSP is once used. In this case N is equal to 4
and distance between each city are shown in Figure 19. Let A is the origin, there are
3 possible destination which are B, C, and D. The distance from A to B is the smallest
so B is picked as the next node. In following steps, the destination will become the
new origin and this repeatedly search until all cities are reached (Edelkamp and

Schrodl, 2012).

Distance between cities

Figure 19: Sample scenario for the travelling salesman problem solving

Due to the flexibility, heuristic is widely adopted in many situations where decision is
needed. For aviation industry, this is usually applied to help the management and
planning activities such as flight scheduling, resource planning, inventory

management, etc.
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2.9 Conclusion

According to the literature review, VMSFSM seems to be the appropriate method for
flisht timetable development but profit is an objective of this model while the aim
of this study is to increase number of connecting passenger without profitability
concern. Therefore, only the main concept will be applied. The time-space network
which is used to visualise passenger flow in this model will be replaced with wave-
system structure because this method concern about connectivity between inbound
and outbound flight while the passenger time-space network is not. Moreover, the
passenger choice model in VMSFSM will not be used because the historical demand
is available and this offer more accuracy in forecast than passenger choice model.
Lastly, since the fleet assignment and rotation are excluded from the scope of study,
fleet-flow network will be replaced with minimum required vehicle measuring model

just to ensure the capability of the existing resource.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

In this chapter, the methods and approaches that have been used to achieve the
objective of research are described throughout to the methodology flowchart that
shown in Figure 20. The whole process is broken down according to its purpose.
Since the author aim to find the most efficient timetable for connecting flight.
Therefore, the information which related to flight scheduling in such operation
constraints, airline’s requirement and concerns, historical demand was obtained and
gathered through the proper methods at the beginning. Then the information was
analysed and transformed into mathematical equation to formulate the scheduling
models. The approaches to developed these models are explained and discussed
with the solution-finding procedures. To finalise the most appropriate timetable
under airline’s requirements and limitations, the result was combined from two
timetabling models with the performance analysis for improvement evaluation. After,
the result is obtained, feasibility check was done to ensure the capability of airline’s
resource. The model that used for required aircraft measurement is described in the

last section.



Objective: Increase connecting passenger in the subsidiary airline

Information acquisition and gathering from interview,

marketing research, and demand historical data

Identify scheduling constraints

|
: }

Time Demand

| |
.

Develop ideal flight timetable for seamless connectivity
by applying wave-system structure

Select potential routes throughout criteria

Forecast passenger demand for all potential O&D
markets with Holt-Winter’s Model

Identify potential time-slot for connecting flights

Develop new timetable
applying VMSFSM and Heuristic approach

Determine minimum required fleet
using Greedy Algorithm

Figure 20: The methodology flowchart
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3.2 Background Information Acquisition

At the first stage, the author aimed to obtain more understanding about airline
business and flight timetabling process. For the quantitative data, such as historical
demand, the data was obtained from company’s internal database. While qualitative
data was acquired from interview and online research. For general data like market
environment, seat capacity, rules and regulations, the data can be found from CAPA
and AOT website. But for specific data which used by the airline only, interview was

needed.
3.2.1 Interview

An individual interview with flight planning manager was arranged at the company’s
head office with an aim to acquire more understanding about airline’s requirement.
From this interview, the subsidiary airline’s objective and strategic plan which related
to flight planning department were informed. Additionally, flight scheduling process
that the company currently using is also explained and discussed to pointed out the
scheduling constraints and the factors that must be aware in timetable

development. The form that used for this interview is shown in Appendix B.

3.3 Identify scheduling constraints

To develop the new scheduling model, all constraints must be identified base on
airline’s requirements and operational conditions. These constraints were created by
using the information that acquired from interview in previous session. The authors

classified scheduling constraints into 2 types as below.
3.3.1 Time Constraints
3.3.1.1 Airline’s Perspective

From airline’s perspective, when aircraft reaches the destination airport, many

activities need to be done by ground staffs in such fuel refill, aircraft checking and
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maintenance, bagged loading. Therefore, the aircraft must wait at the gate before
continue the next flight. With this reason, the earliest departure time of the next
flisht which operated by the same aircraft must greater or equal to the arrival time of
previous flight including with ground time. However, the longer idle time at the
airport refers to the lower utilisation hours. Therefore, the aircraft must not stop at
province airport too long. In order to ensure the utilisation of aircraft, the maximum
idle time was specified by the airline’s expert and this will be used to find the
appropriate gap time between two consequent flights which are operated by the

same aircraft. As a result, 2 time constraints were formulated as below.

Time Constraint 1:

Departure Time = Arrival Time + Standard Aircraft Groundtime

Equation 28: Connecting flicht departure time constraint

Time Constraint 2:
|atl- — dtj| < Maximum Acceptable Waiting Time for Aircraft, j=i+1
Equation 29: Constraint for gap time between roundtrip flight

Where at; and dt; is the arrival and departure time of ith flight respectively.

*Note: Time constraint 2 only applicable for province airports

In marketing and financial viewpoint, the new flight time must offer benefits to both
primary and subsidiary airlines. Therefore, any activities that could cause negative
impact on business should be aware and avoided. With this reason, the minimum
gap time between each flight in same O&D market must be set to prevent customer
scrambling between the primary and subsidiary airline. Consequently, the third

constrains was defined as following.
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Time Constraint 3:
ftis & PT;

PT; = {t| ftip — Minimum Gap Time <t < ft;, + Minimum Gap Time}

Equation 30: Time constraint for new added flight

Where ft;s s the departure time of subsidiary’s flight at the ith airport
ftip s the arrival time of primary’s flight at the ith airport

PT;  is a set of primary airline’s reserved time
3.3.1.2 Passenger’s Perspective

Focus on passenger side, due to the transit procedures by going through passport
checking at immigration office and travel time between arrival and departure
terminal, the passenger need to take some times within the airport before continue
the next flight. In every commercial airport, the minimum connecting time (MCT)
which required for transit passenger is differently set according to in advance
agreement between airline and airport authority. Consequently, the flight time must

be allocated base on this constraint.

Time Constraint 4:

Arrival Time + MCT < Departure Time of Connecting Flight

Equation 31: Passenger connecting time constraint

Generally, no one need to waste time at the airport but prefers to reach the
destination with the shortest time. Therefore, the maximum acceptable waiting time
is defined to limit the gap between arrival flisht and connecting flight. In order to
sustain the connectivity performance, departure time of connecting flight must be

scheduled following Equation 32.



Time Constraint 5:

Departure Time of Connecting Flight
< Arriaval Time + Maximum Acceptable Waiting Time

Equation 32: Maximum acceptable waiting time constraint
3.3.2 Demand Constraints

Aside from proper flight time, the sufficient passenger demand is also essential

because this influences the airline’s profit. To ensure the efficiency of provided

flights, the number of minimum required passenger per routes and roundtrip flights
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must be determined. Then the non-potential flights that have high risk of failure can

be avoided. Therefore, 2 constraints of demand were set as following.

Demand Constraint 1:
Demand per Route = Minimum Required Passengers per Route
Equation 33: Constraint for passenger demand per route
Demand Constraint 2:

Demand per Roundtrip Flight
> Minimum Required Passengers per Roundtrip Flight

Equation 34: Constraint for passenger demand per flight

3.4 Potential connecting route and flight time selection

3.4.1 Develop ideal flight timetable

To make the flight timetable visualise and easy to assess, draft timetable is needed.

Generally, at this step, fleet-flow and passenger-flow are constructed base on the

current flight timetable in order to match the market demand with airline’s resource.

But due to the major focus of this research on connectivity, wave-structure is more
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appropriate because it offers the relative picture between inbound and outbound
flow at the hub airport. In additional, the ideal flight time for high level of
connectivity can be identified through this method. Therefore, the author used wave-

system structure to create a draft timetable instead of time-space network.

In additional, by using this method, the ideal flight timetable for perfect connection
can be defined as well. To make the ideal timetable more efficient and particle, all
time constraints in section 3.2.1 is involved in construction. Normally, the ideal time
of second-flight will be assigned into one best time-slot only, but in this research,
since departure time of connecting flight can be any within the acceptable range

thus the ideal time was allocated into the range of suitable time-slot accordingly.

3.4.2 Passenger Demand Forecast

According to VMSFSM, after the drafted timetable had been created, demand value
was assigned to each arc in passenger flow for fleet size measuring and income
prediction. This value generally obtained from passenger choice model where the
competitor’s information is strongly needed. By using the same concept, passenger
demand is assigned to each time-slot in wave-system structure as well but the
demand in this research come from Holt-Winter model instead. The author used
historical data from 2011-2015 in Star Alliance’s database to forecast demand in
each potential O&D market for target period. Excel template that shown in Appendix

C was created to help for calculation.

However, the aim of passenger demand forecast in this study is not wholly similar to
VMSFSM because profit is not considered. The main purpose of demand forecast in
this case is to evaluate the efficiency each time-slot since sometimes the high
number of connections does not always refer to the high demand if the offered

connection cannot satisfy passenger.

Currently, the primary airline provide service at over 62 airports in worldwide and the
subsidiary operates domestic flight at 12 airports. Therefore, more than 700 O&D

markets need to be explored. With the wide range of consideration, the analytic
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process takes long time. Thus, the scope of target market must be narrowed down in
order to eliminate unnecessary work and save time. Consequently, non-potential
O&D market were filtered out before forecast by using constraint about demand

(Equation 33) that formulated in section 3.3.2.

Due to the data transition in 2014 and critical environmental change in some
markets, there will be some abnormality among collected data which could lead to
the inaccuracy forecast result. Therefore, the prerequisite task is strongly needed for
the outliers elimination. For any abnormal data record, the value will be case-by-
case explored in detail.

By using Holt-Winter’s model instead of passenger choice model, the accuracy of
result can be quantitatively evaluated with 4 forecast error measurement tools which

explained in section 2.5.1.

3.5 Determine the potential flight time

In this research, the new time table is developed with 2 main methods regarding to
airline’s requirement. First is new fight adding and the second is flight time

adjustment. The detail of both methods can be explored below.

3.5.1 By flight adding

Even though all ideal time-slot had already identified in section 3.4.1, in practical
term, airline is not possible to operate all ideal flight due to the limitation of
resource and profitability concern from financial aspect. Therefore, 2 roundtrip flights
which offer the greatest connectivity performance regarding to company’s objective

was select in this step.

To find the most efficient flight time, forecasted connecting demand in all possible
O&D market was summed up and assigned to each time-slot. The total demand was
used as a score for time-slot ranking. Apart from demand, number of offered

connections was used as the second criteria in case that more than one time-slot
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have equal demand. With these two criteria, the ranking lists of potential time were
created for outbound and inbound flights. Then, the most efficient time-slot was
selected under all scheduling constraints that previously identified in section 3.3.
However, there is an exception for the second constraints. If the added flight is in
very late night, this constraint is omitted because the long idle time is still better

than overnight parking without any use.

To summarise, the model is formulated as following:

D;; = Minimum required demand per route, Vvt € DT;
n
Z D;s = Minimum required demand per flight
i=1

ftis € PT,  PT; = {t| fty, —30mins <t < ft;, + 30 mins}
lat; — ftis| < 1 hour, Vat; € AT;

Equation 35: Flight timetabling model for additional flicht

The explanation of all used notations and symbols are shown below.
DT;  set of potential time-slot for departure flights at ith node airport
AT;  set of potential time-slot for arrival flights at ith node airport
PT;  set of primary airline’s reserved time at ith node airport
Di¢ Forecasted connecting demand at ith node airport for time-slot ¢
D Averaged total connecting demand in past 5 years
MC  Maximum aircraft capacity
ftip,  Departure time of primary airline’s flight at ith node airport
ftis  Departure time of subsidiary airline’s flight at ith node airport

at; Arrival time of the nearest previous flight at ith node airport



57

To solve this model problem, the solution process is outline as follows:
Step 1: Create a set of potential time slot, DT;

Step 2: Pick any time-slot in set DT; to be the departure time of the new first flight

in roundtrip
Step 3: Calculate possible arrival time at; for all departure time ft;g, in set DT;

Step 4: Solve the problem in developed model to find the best time slot in term of

demand, number of possible connections, and utilisation of aircrafts
Step 5: Update the objective value with result in Step 4

Step 6: If the number of iteration in which better solution cannot be found exceed
number of time-slot in set DT; then stop. Otherwise, return to step 2. The best

solution obtained during process becomes the final solution

Step 7: Repeat all step 1 to 6 again but focus on second departure flight of roundtrip

instead in order to find the best departure time

Step 8: Compare result from both ways and select the best final solutions.
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Figure 21: New added flight time determination flowchart
3.5.2 By flights time adjustment

Apart from add-on flights, flight time adjustment could also help to increase
connecting passenger. However, the new flight time might cause negative impacts on
point-to-point demand and fleet utilisation. According to the mentioned problem in
Introduction, one of the reason that the subsidiary airline want to turn itself into
feeder is an insufficient demand in point-to-point market, so the airline aim to add
the demand up by satisfying connecting passenger. Thus, if the point-to-point
passenger lose due to flight adjustment, the increment of connecting traffic might be
useless because the total demand per flight is not actually increased but just
replaced by another target group of passenger. With this reason, the changes on
flight time must be aware so the maximum acceptable change that will not cause
significantly impact on point-to-point demand was identified to scope the range of
proper flight time. Consequently, the criteria for time-slot selection is formulated as

below.
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Condition 1:

t. — maximum acceptable change < t,
t, < t. + maximum acceptable change

VteT

Equation 36: Flight timetabling model for adjusted flight

Where: T is a set of all available time-slot
te is the current flight time
th is the new flight time

To find the best flight time within acceptable change time-period, the current flight
time was continually shifted by 5 minutes which is the length of each time-slot. If
the result from adjustment is better than currently, it will be marked for futher

consideration. Otherwise, that time-slot will be ignored.

In this reseach, the efficiency of flight time has been evaluated by 2 criteria. Sorted
by the given priority from expert, demand is the first one. The flight time will be
shifted only if forecasted connecting passenger would be increased or remained in

the worst case.

Condition 2:
n n
D Di= ) D
i=1 i=1
Equation 37: Ensure the connecting demand
Where: D} is the new connecting demand at ith airport, time-slot ¢

th is the current connecting demand at ith airport, time-slot ¢

Second is competitor’s flight frequency. According to the advice from experts, flight
frequency within 15 minutes earlier and later could influence passenger demand.

Therefore, the author only considered competitive flights within this period. After the
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adjustment, total flights frequency from competitor and primary airline must not

higher than the existing because it is possibly lead to passenger-share drop.

Condition 3:
CFF, < NFE,
Equation 38: Ensure the competitors’ flicht frequency
Where: CFF;; is a set of current flight frequency at ith airport, time-slot t

NFF;; is a set of new flight frequency ith airport, time-slot t

According to all metioned conditions above, the flight timetabling model by flight

time adjustment was implemented as following;

fti, — maxacceptable change < ft;,, < ft;, + maxacceptable change

Vftin, fton € DT;, AT;

n n
L)
i=1 i=1

CFF, < NFE,

Equation 39: Flight timetabling model for adjusted flight

The explanation of all used notations and symbols are shown below.
DT;  set of current departure flights time at ith node airport
AT;  set of current arrival flights time at ith node airport
D} is the new connecting demand at ith airport, time-slot ¢
D s the current connecting demand at ith airport, time-slot t
CFF;; is a set of current flight frequency at ith airport, time-slot ¢
NFF;; is a set of new flight frequency ith airport, time-slot t
ftio old departure or arrival flight time at ith node airport

ftin  new departure or arrival flight time at ith node airport

To determine the new flight time, the process is shown in Figure 22 with briefly

explaination.
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Figure 22: Adjusted flight time determination flowchart

Step1: Pick any current roundtrip flight

Step2: Shift the departure time of the first flight in roundtrip by 5 minutes

Step3: Check the performance of new flight time in term of demand and the number

of competitors

Stepd: Calculate the idle time between first and second flight’s departure time

Stepb: If the result is better than current, marked as the shifted time as a new flight

time and set demand of this time-slot as the objective

Step6: Repeat from step 2 until all possible time is checked

Step7: Consider the departure time of second flight instead and repeat from step 2

Step8: Compare all possible solution to find the best result
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3.6 Develop the connecting flight timetable solution

The aim of this section is to summarise result into the complete timetable for each
potential O&D market. Regarding to the result from section 3.5, the final timetable
was created by combining the new additional flight and adjusted flight together. To
do so, the author firstly construct the new timetable by inserting the additional
flishts which especially add to serve connecting passenger then insert the adjusted
table flight later. Regarding to the objective of research, the adjusted flights are
considered as the secondly importance because the flights are inflexibility due to the
involvement of point-to-point demand concern. At the end, the author compared
the developed timetable with the current one in 3 major aspects which are demand,

connections, and aircraft utilisation to evaluate the performance of improvement.

3.7 Measure the minimum required fleet for the proposed solution

Although the subsidiary airline is willing to invest on the new timetable
implementation, additional aircrafts purchasing is excluded. Therefore, the minimum
required number of aircraft must not exceed the available fleet capacity. From this

limitation, the 7™ constraint was built as below.

Constraint 7:

Minimum Required Aircraft < Available Aircrafts

Equation 40: Ensure fleet capability

With this reason, the minimum required aircrafts must be determined in order to

ensure the capability of current resource.

According to the literature review in section 2.7, the author adapted Iris, Rene, and
Martin’s vehicle measuring model to developed the minimum fleet determination
model for this airline. Compare with the reviewed model, the containers and

vehicles can match with flights and aircrafts in this research respectively. However,

there are some different points between containers and flights, therefore, the model
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must be adapted for compatible use. In the reference research, there is no need to
transport the containers immediately. Thus, the start time can be allocated to any
time-window within the range from release to due time. But for the flights, departure
time is fixed so release time and due time are ignored. Furthermore, the time of lift
and put down a load is constant so this can be included in travel time but for the
flights, ground time is varied, depends on airport. Therefore, the new parameter must

be added for this.

With the various of possible start times for container transportation, graph is used to
represent time point and find the efficient start time but this is not essential in this
case because the only objective of this step is to find the compatible flights for any

aircraft in order to ensure the capability of existing resource.

Let;

N is a set of all considered flight in new timetable
K is a set of all potential airports

A is a set of available aircrafts

These following parameters are defined for each flight j;

dty, departure time of flight / from origin airport p

ttipa travel time of flight / from origin airport p to destination airport d

at;; arrival time of flight i at destination airport p

gtia  standard ground time of flight / at the destination airport d

rt;q  release time, the point of time at fligsht i completely ends and the aircraft is

back in use
v Ttig = atig + gtia

Equation 41: Release time of aircraft

Practically, one aircraft should operate several flights. Therefore, if any two flights
can be operated by the same aircraft it is called “compatible”. Flight / and j will be
compatible if arrival time of flight / plus minimum ground time at the airport is equal

or earlier than the departure time of flight j where origin of flight j and the
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destination of flight / are same. Otherwise, an empty aircraft need to travel to the

next starting point which is waste in term of time and cost.

As the result, the new measuring model is developed as below.

rtid = atid + gtid' Vi € N, vd €K

rtid < dtjp, d= j28 vd €K

n

ttipg + z gtih <24 hours, Va€A
i=1

=

i=1

Equation 42: Minimum required aircraft measuring model

To get the minimum required number of fleet, Greedy algorithm is applied with the
model as shown in Figure 23. Start off the process, all interested flights are ordered
by time from the earliest to the latest (start at 3:00 AM). Then the flight that has the
earliest time is picked and assigned to fleet no.1. If there is a compatible flight, it will
be assigned to the existing fleet. If not, another fleet will be added for this
incompatible flight. Time slot for each aircraft is also reserved according to start and
end time of flight operation. After finish checking, the flisht which has already
assigned to a fleet is marked as deleted and the new earliest flight is consider next. If
the picked flight can be assigned to the existing fleet, there is no need to increase
number of aircraft, but if not a new one will be continually added until all flight in
the list has its own resource. At the end, the number of minimum required aircraft

can be identified.
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Figure 23: Flowchart of minimum require fleet measurement

In case that the existing resource is not enough, a new flight timetable must be

reconsidered until the total 20 aircrafts are sufficient for all flight operation.
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CHAPTER 4: RESULT

4.1 Introduction

The result that obtained from approaching process and method which explained in
Chapter 3 will be explained in this chapter. Firstly, the information that acquired
from interview is explained in section 4.2. From the received information, the ideal
timetable was constructed for flight-flow visualisation in section 4.3. In additional, to
make the ideal timetable complete, the author forecasted demand with Holt-
Winter’s model and assigned the summary of connecting passenger demand into
each time-slot. The result from forecast with error measurement can be explored in
section 4.4. In section 4.5, the models for flight timetabling are shown with the final
solution. Lastly, the number of minimum required aircraft for new timetable
implementation is calculated and shown in section 4.7 to ensure that current

available aircraft is sufficient.

4.2 Constrains

According to the interview, there are many constrains in airline business operation,
but for flight timetabling in this reserch only time and demand constraints are

concerned.
4.2.1 Time constraints

For time, it can be classified into 2 sub-types regrading to perspectives. From airline’s
viewpoint, the time which required in flight operation processes must be concerned
and followed. At Suvarabhumi International Airport, the standard ground time for
A320 is equal to 50 minutes while the province airport required only half an hour.
However, in order to maintain the utilisation rate of aircrafts, during the day, aircrafts
must not stay idle at any airport more than 1 hour. Aside from operational consern,
on marketing side, the unappropriate flight tim could cause the negative impact on

demand and profit. To prevnt this issue, any new flight with less than 30 minutes far
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from the primary’s airline flights must be avoided. In passenger’s perspective, they
requires some times to finished all immigration process and travel between arrilval
and departure terminal which is called passenger connecting time. In thailand, the
standard connecting time is 1 hour and 15 minutes. Consequently, the connecting
flisht must not depart from airport earlier than 1.15 hour from the arrival time of
connecting passengers. However, the too long wainting time is not good in term of
connectivity performance. In ordre to limit the gap between each two connecting
flishts, maximum accpetable waiting time was given at 3 hours. With this reason, the
new added connecting flight must allocated in range of 1.15 to 3 hour from the

arrival flights.
4.2.2 Demand constraints

Another constraint is demand, in order to ensure the profitability from flight
operation, the demand in new added roundtrip fligshts must be higher than 60% of
maximum aircraft’s capacity which is equal to 101 seats. Additioanlly, the minimum
required demand in each O&D market is 0.5% of average total connecting demand
from past 5 years which is equal to 293 and 274 per month for Thailand’s inbound
and outbound leg respectively. Otherwise, the demand in that market will be

considered as insignificant and neglected from the consideration.

4.3 Ideal connecting flight timetable

In this step, the wave-system structure is adapted for ideal connecting flight time
table development. The timetable was created with reference to current flight
timetable of the primary’s airline and time constraints which obtained from the
interview. Since the minimum connecting time (MCT) for passenger is longer than
standard ground time for aircraft, thus, the MCT is used for ideal connecting flight
time allocation. As explained in section 3.4.1, the ideal flight time is represented in
range. Therefore, the upper bound of ideal time is limited by maximum acceptable

waiting time for passenger which is equal to 3 hours.



For the example, the primary airline operates flight from Incheon International

Airport that arrives Bangkok, Suvarnabhumi International Airport at 1:20 am. Due to
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the time constraints, the earliest arrival time of connecting flight is 2:35 am. However,

flight time must not later than 4:20 am. Therefore, the ideal time range of

connecting flight is 2:35 am. — 4:20 am. as shown in Figure 24.
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Figure 24: Ideal flight time range for seamless connectivity

The wave structure is individually constructed for both inbound and outbound leg as

shown in Appendix D, with completed ideal arrival/ departure time range for all

primary airline’s flights.
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4.4 Potential markets

After the ideal connecting flight timetable was created, the connectivity performance
of each time-slot must be evaluated by using demand. Therefore, the passenger
demand would be forecasted and assigned to each time-slot in this step. However,
due to the large number of O&D markets which offered by both primary and

subsidiary airline, the markets with insignificant demand will be filtered.

As the subsidiary airline mainly operate domestic flight and plan make Suvarnabhumi
International Airport as a hub to distribute connecting passenger within country.
Therefore, the author focus on domestic airports only to find the potential origin and
destination markets. In this study, the information from CAPA was mainly used for
marketing analysis with the 5-year historical demand from Star Alliance’s database.

The demand is partly shown in Appendix C because this is confidential.
4.4.1 Domestic airports
Currently, the subsidiary airline provides service at 9 domestic airports as following;
1. Chiang Rai International Airport (CEI)
2. Chiang Mai International Airport (CNX)
3. Hat Yai International Airport (HDY)
4. Phuket International Airport (HKT)
5. Khon Kaen Airport (KKC)
6. Narathiwat Airport (NAW)
7. Ubon Ratchathani Airport (UBP)
8. Udon Thani International Airport (UTH)

9. Surat Thani Airport (URT)

But due to the demand constraints 1, 6 airports are filtered out from consideration
because connecting demand from/to the airports are so poor. Therefore, only 3

potential airports are considered and explored as below.



70

4.4.1.1 Phuket International Airport (HKT)

This airport is located in major province of Thailand’s southern part where many

fascinating tourist attractions are around here. Currently, there are 42-airline services

which allow more than thousand connecting destinations in worldwide as shown in

Figure 25.
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Figure 25: Phuket International Airport connection points (CAPA, 2015)

Furthermore, the total seat capacity at this airport is the third high after

Suvarnabhumi and Don Muang International Airport with more than 50% from

international flights and the market trend is also increasing in every year regarding to

past-4-year historical data. With this reason, the airport is considered as a potential

hub.
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Figure 26: Phuket International Airport seats capacity year-on-year (CAPA, 2015)
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Figure 27: Phuket International Airport international vs domestic capacity share

(CAPA, 2015)

Considered at the connecting demand for both inbound and outbound leg. The
demand in almost of all routes from/to Phuket International Airport has cyclic

pattern which is repeated every 5 months as partly shown in Figure 28-35.
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Figure 28: Connecting demand from Stockholm Arlanda Airport to Phuket
International Airport (Alliance, 2016)
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Figure 29: Connecting demand from Melbourne Airport to Phuket International

Airport (Alliance, 2016)
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Figure 30: Connecting demand from Zurich Airport to Phuket International Airport

(Alliance, 2016)
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Figure 31: Connecting demand from Chhatrapati Shivaji International Airport to

Phuket International Airport (Alliance, 2016)
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Figure 32: Connecting demand from Phuket International Airport to Zurich Airport
(Alliance, 2016)
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Figure 33: Connecting demand from Phuket International Airport to Chhatrapati
Shivaji International Airport (Alliance, 2016)
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Figure 34: Connecting demand from Phuket International Airport to Beijing Capital
International Airport (Alliance, 2016)

73



74

HKT-BKK-ICN

1200.00
1000.00
800.00
600.00
400.00
200.00

Demand

0.00

Period

Figure 35: Connecting demand from Phuket International Airport to Inchoen

International Airport (Alliance, 2016)

*Note: The case study airline has many competitors, therefore, connecting demand must keep as confidential.

However, the data is available on request.

a) Perth Airport

From all considered routes to Phuket International Airport, Perth Airport is the only
origin where demand behavior is abnormal because the connecting passenger

number sharply dropped in 2012 as shown in Figure 36.
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Figure 36: Connecting demand from Perth Airport to Phuket International Airport in
2011-2015’s winter (Alliance, 2016)

According to the interview, the expert mentioned that seat capacity and competitors

are the major affecting factors on demand. Therefore, the authors checked these two
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external factors first. As checked, the seats capacity and competitors in route BKK-

HKT was quite stable as shown in Figure 37.
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Figure 37: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in BKK-HKT route (CAPA, 2015)
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Figure 38: Airlines in Bangkok Suvarnabhumi International Airport to Phuket

International Airport market (CAPA, 2015)

In route PER-HKT, the author found direct flights operation by the primary airline and
Virgin Australia. Focus on winter’s period of 2011, at that time the primary airline had
already provided direct flight service but connecting demand still high, thus, this

might not be the root cause of demand lost. From Figure 36, the low-demand period
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stared from winter’12 which was the same time that Virgin Australia increased seats

capacity around 30% from previous as shown in Figure 39.
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Figure 39: Seats capacity of direct flight from PER to BKK by airlines (19th Sep, 2011
— 31st Jan, 2016) (CAPA, 2015)

On the outbound side from Phuket International Airport to Perth Airport, the demand
behaved in the same and market environment also similar. With this reason, the

author conclude that cause of demand drop in both ways are same.
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Figure 40: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in HKT-BKK route (CAPA, 2015)
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Figure 41: Airlines in Phuket International Airport to Bangkok Suvarnabhumi

International Airport market (CAPA, 2015)

However, since virgin had ditched the direct flights in this route already due to the
insufficient demand (O'Sullivan, 2015), the historical data in the period which market
environment is same as currently is not enough for efficiently forecast with Holt-
Winter’s model. Thus, the writer discussed with the airline expert and decided to
neglect this O&D market from consideration because the connecting demand is not
very high. Besides, the primary airline is going to operate direct flight in this route and

does not want the subsidiary airline to seize the market demand as well.
4.4.1.2 Chiang Mai International Airport (CNX)

The busiest airport in the Northern which located in a major province, Chiang Mai.
There are 22 airlines providing service at this airport in total; 4 airlines operating
domestic flights only while the others also provide services in the international
routes. From this airport, the passenger can travel to many destinations around the

world as shown in Figure 42.
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Figure 42: Chiang Mai International Airport connection points (CAPA, 2015)

The seats capacity trend of this airport is about 19% (average) growing up in every
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year since 2012 and it seems to be continue. Almost a quarter of total seats capacity

comes from international and the most popular origin/destination country is China.

12.5M

Figure 43: Chiang Mai International Airport seats capacity year-on-year (CAPA, 2015)
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Ml Domestic International

Figure 44: Chiang Mai International Airport international vs domestic capacity share

(CAPA, 2015)

Considered at the connecting demand in both inbound and outbound legs, cyclic
pattern is consisted in all routes as partly shown in Figure 45-48, except for Hong

Kong international airport which will be discussed in the next section.
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Figure 45: Connecting demand from Singapore Changi Airport to Chiang Mai
International Airport (Alliance, 2016)
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Figure 46: Connecting demand from Narita International Airport to Chiang Mai

International Airport (Alliance, 2016)
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Figure 47: Connecting demand from Chiang Mai International Airport to Singapore

Changi Airport (Alliance, 2016)
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Figure 48: Connecting demand from Chiang Mai International Airport to Narita

International Airport (Alliance, 2016)
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a) Hong Kong International Airport

The connecting demand between Chiang Mai International Airport and Hong Kong
International Airport obviously decrease in past 4 years as shown in Figure 49 and 50
even the seats capacity from Bangkok, Suvarnabhumi International Airport to Chiang

Mai International airport has been remained at the same level.
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Figure 49: Connecting demand from Hong Kong International Airport to Chiang Mai

International Airport (Alliance, 2016)
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Figure 50: Connecting demand from Chiang Mai International Airport to Hong Kong

International Airport (Alliance, 2016)

Currently, there are only 2 competitors in route BKK-CNX and CNX-BKK but former, 5
were play in this market. As hypothesis, since the competitors can snatch seats

capacity share, they could also drop the market share accordingly. But in fact,
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connecting demand was not significantly decreased following the number of
competitors in any potential route. With this reason, it can be claimed that a number

domestic competitive carriers has no impact on demand.
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Figure 51: Seats capacity per week of the primary and subsidiary airline from 2011-

2017 in CNX-BKK route (CAPA, 2015)
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Figure 52: Seats capacity and share for Bangkok Suvarnabhumi International Airport

to Chiang Mai International Airport (CAPA, 2015)
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Figure 53: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in BKK-CNX route (CAPA, 2015)
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Figure 54: Seats capacity and share for Bangkok Chiang Mai International Airport to
Suvarnabhumi International Airport (CAPA, 2015)

Since the market environment on domestic side did not cause the significant impact
on demand then the effect might come from international side. As checked, the
author found that, in mid-2012, Dragonair started operating direct flight from Hong
Kong International Airport to Suvarnabhumi International Airport then many more

low-cost carriers entered this market later as shown in Figure 55. With this reason,
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the direct flight’s ticket fare is much cheaper than connecting. Moreover, the travel
time from Hong Kong International Airport to Chiang Mai International Airport is much
shorter since there is no detour at Suvarnabhumi International Airport. With these
reasons, many passengers prefer to use direct flight service than connecting which
bring about the regression of connecting demand. According to expert’s opinion,
these carriers will continue providing service in long term due to the attractive
market size and profit. Therefore, Hong Kong International Airport is considered as a

non-potential origin in this case.
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Figure 55: Seats capacity of direct flight from HKG to CNX by airlines (25th Jun, 2012
to 12nd Feb, 2017) (CAPA, 2015)

4.4.1.3 Chiang Rai International Airport (CEI)

This airport locates in Chiang Rai which is the second major province in the northern
part of Thailand. Air services at this airport are provided by 6 airlines and only 1
carrier operate international flights from/to here. This makes the share of
international capacity is rather low when compare with other 2 potential airports that
mentioned earlier. However, there are many connecting fligshts from/to international

origins/destinations especially in North East Asia as shown in Figure 56. With these



connections, the airport is still attractive even there is very low connection with

Africa and none with South America.
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Figure 56: Chiang Rai International Airport connection points (CAPA, 2015)

The trend of market capacity is also good. Since 2012 to 2016, the average growth
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rate is about 19% as same as Chiang Mai. The majority of an international demand is

from China because there is no direct flight from other country from/to this airport.
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Figure 57: Chiang Rai International Airport seats capacity year-on-year (CAPA, 2015)



86

b 97.9%

Il Domestic International

Figure 58: Chiang Rai International Airport international vs domestic capacity share

(CAPA, 2015)

a) Singapore Changi International Airport

Singapore Changi International Airport is the only origin where demand is above 0.5%
of average total connecting demand. Although the demand trend is going down in
last five years, expert do not recommend to cut this airport out from potential points
because currently there is no direct fligsht from Singapore Changi Airport to
Suvarnabhumi International Airport unlike HKG-CNX-HKG. Therefore, connecting flight

is the only way to reach this destination.

Regarding to the study about market environment, there is an evidence that reveals
the relation between capacity and demand. As the demand in route BKK-CEI
increased in 2013, the capacity was raised accordingly. In winter’s 2014 which was
the transition period for both primary and subsidiary airline, the demand also
dropped following to seats capacity. Lastly in winter’15, seats capacity was added
back at 107,358, demand also slightly increased. In order to confirmed this
assumption, seats capacity in route SIN-BKK also checked. The capacity from
Singapore was quite stable except in late February to October 2014. Compare with
demand in in same period, it did not drop according to the capacity. Besides, when
the seats were added back in winter’14, demand was still going down. With this
evidence, it can be concluded that demand in route SIN-BKK has no importantly

effect on connecting demand.
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Figure 59: Connecting demand from Changi International Airport to Chiang Rai

International Airport (Alliance, 2016)
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Figure 60: Seats capacity per week of the primary and subsidiary airline from 2011-
2017 in CEI-BKK route (CAPA, 2015)

Apart from seats capacity, competitors in market also concerned. Refer to the
historical data from CAPA, many carriers came in and out of market along past 5
years but there is no clear relation between this and connecting demand. As the

result, this factor is eliminated from consideration.
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Figure 61: Seats capacity and share of flights from BKK to CEl by airlines (19th Sep,
2011 - 12nd Feb, 2017) (CAPA, 2015)
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Figure 62: Seats capacity and share of flights from SIN to BKK by airlines (19th Sep,
2011 - 12nd Feb, 2017) (CAPA, 2015)
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4.4.2 Demand Forecast

The connecting demand in every considered route were forecasted by multiplicative
Holt-Winter’s model to predict the connecting passenger demand in the next winter
period. The reason that author used this method because demand behavior in every
route has a seasonal pattern and the trend is multiple change from previous period.
The alpha, beta, and gamma value that used in calculation were calculated case by
case in order to obtain the most accurate result. The considered period is 5 because
the peak period is repeat in every 5 months and this is the number of month in

considered season as well.

The calculation was done with excel template as shown in Appendix C. However, the
result is not allowed to disclose because the airline is in high competitive market and
this information leak could be beneficial to the rival and cause negative impact on
the airline. Therefore, the forecasted demand must be confidential keep. With this

reason, the result of forecasted demand per month is partly shown in Table 8 and 9.



Table 8: Forecasted demand for BKK’s inbound flights

Destination| Origin | Forecaste{ ] ] ¥ % MAPE
HET ARM 13,804 61 0.15 0.30 0.05 9.62
HKT BLR B  cos|  oo0s[  oos[ 1195
HET BOM 5,684.08 0.05 0.05 0.05 10.82
HET ERU 3,652.10 0.05 0.05 0.05 084
HET CAN 2,148 65 0.05 0.05 0.95 18 40
HKT CCcu B  cos|  oo0s|  oos| 1094
HKT (DG B oo o0o0s]  o0s| 1038
HET CPH 10,329.10 0.05 0.05 0.05 10.25
HKT CTuU B 00| o0o0s|  o00s| 1068
HET DEL 11,312.36 0.05 0.05 0.05 1058
HKT FCO B  cos| oo o2s] 1332
HKT FRA B o3| o030 o050 1335
HKT HKG B o:s| o2 oos| 1000
HET HMND 0 500 82 0.05 0.05 0.05 887
HET KIX 432301 0.05 0.05 0.05 058
HKT KMG B o005 o0o0s]  oo0s| 1282
HET LHR 11,095.71 0.2 0.35 0.45 17.10
HKT MEL B ccs|  cos|  oos| 1033
HET MUC 4,964.97 0.05 0.05 0.05 10.00
HET MXP 467648 0.05 0.05 0.05 1248
HET NGO 3,050.95 0.05 0.05 0.05 9.6l
HKT NRT B o0 o030 o035] 1352
HKT OsL B oo oo0s] oo0s] o83
HET PEK 12,044 32 0.05 0.05 0.05 14 28
HET PV 169272 0.05 0.05 0.05 1218
HET YD 2,158.27 0.05 0.05 0.05 10.11
HET TFE 207162 0.05 0.05 0.05 9.71
HKT ZRH B  cos] oo oo0s] 1013
CMNX HND £,554.20 0.05 0.05 0.05 10.53
CHX KIX 4,310.55 0.05 0.05 0.05 8.6l
CHX LHR 218245 0.10 0.35 0.05 13.05
CHX NGO 2,724 BD 0.05 0.05 0.05 10.36
CNK NRT B 02| o1 o005 980
CNX SIN 10,678.26 0.05 0.05 0.45 1B.18
CNX TPE B o0o0s|  oo0s|  005] 1283
CEl SIMN 241774 0.05 0.05 0.15 2026

90



Table 9: Forecasted demand for BKK’s outbound flights

Origin | Destination| Forecasted Demand e} i) ¥ % MAPE
HKT ARNM ] 0.05 0.05 0.05 064
HKT BNE 1,839.15 0.05 0.05 005 1024
HKT BOM 3,318.44 0.05 0.05 005 1159
HET BRU [ ] 0.05 0.05 0.05| 1065
HKT CAN 2,153.39 0.05 0.05 095/ 1595
HET COG [ ] 0.20 0.05 0.05 0.08
HKT CPH [ ] 0.05 0.05 0.20] 1207
HKT DEL 6,746.12 0.05 0.05 005 1127
HKT FCO 4 666.03 0.05 0.05 060 16.02
HET FRA [ ] 0.05 0.05 0.05 g.58
HKT HKG 1,566.73 0.05 0.05 0.05 10.00
HET HND [ ] 0.25 0.10 0.05 497
HKT ICN 3,779.05 0.05 0.05 005 13.29
HKT KIX 4051.18 0.05 0.05 0.05 1057
HKT LHR [ ] 0.2 0.4 0.05| 13.80
HKT MEL 2,033.56 0.05 0.05 0.05| 1137
HKT MUC [ ] 0.05 0.05 0.05 9.96
HKT MEP [ ] 0.05 0.05 0.35 14.00
HKT NGO 2,663.34 0.05 0.05 005 1098
HKT MRT 116855 0-20 p.35 p.as -
HKT 0sL 4.614.29 0.05 0.05 005 11.08
HET PEK [ ] 0.05 0.05 0.05 g.40
HKT PUS 4730.20 0.05 0.05 0.05 9.27
HKT PG [ ] 0.05 0.05 045 1446
HKT YD 2,203.55 0.05 0.05 0.05 9.68
HKT TPE 3,451.38 0.05 0.05 005 1024
HKT ZRH 3,173.00 0.05 0.05 005 1269
CNX HND [ ] 0.05 0.05 0.05 12.12
CNX KIX 3,697.38 0.05 0.05 0.05 B.70
CINX NRT 1,973.76 0.05 0.25 0.05 8.80
CNX PEK 3,341.07 0.05 0.05 005 1766
CNX PVG 4722344 0.10 0.75 0.35| 1511
CIK 5IN [ ] 0.05 0.05 075 1100
CINX TPE 2,196.83 0.05 0.05 0.05] 13.03

To make the ideal connecting flight timetable complete, the forecasted demand is

summed up and assigned into each time-slot. However, the forecasted demand is
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demand per day but in the real situation some O&D markets have more than 1 flight

per day. In this case, the author assumed that every flight in that particular route has

an equal passenger demand so the total demand in each flight is equal to total

demand per day divided by the number of flight per day.
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4.5 Potential flight time

4.5.1 By flight adding

According to forecasted demand in previous section, the author found that only HKT-
BKK and BKK-HKT have the sufficient demand for new additional flight. Therefore, in

this section, only Phuket international airport is considered.

Due to time constraint 3 (Equation 30), the flight which could seize the primary
airline’s demand must be avoided. For the example, if departure time of the primary
airline’s flight is 11:00, the subsidiary airline is not allowed to add any new flight
between 10:30 - 11:30.

According to the primary’s flight time table in Appendix E, therefore, the subsidiary
airline is not allowed to operate new flight between the time-period that show in

Table 10 and 11.

Table 10: Unavailable departure time-period for new HKT’s inbound flight

Route Departure Time | Unavailable Time
BKK-CNX 07:50 07:20 - 08:20
BKK-CNX 08:45 08:15 - 09:15
BKK-CNX 13:15 12:45-13:45
BKK-CNX 17:20 16:50- 17:50
BKK-HKT 07:45 07:15 - 08:15
BKK-HKT 08:30 08:00 - 09:00
BKK-HKT 10:00 09:30 - 10:30
BKK-HKT 13:20 12:50-13:50
BKK-HKT 14:05 13:35-14:35
BKK-HKT 16:45 16:15-17:15
BKK-HKT 17:25 16:55-17:55
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Table 11: Unavailable departure time-period for new HKT’s outbound flight

Route Departure Time |  Arrival Time
HKT-BKK 12:15 11:45-12:45
HKT-BKK 13:55 13:25 - 14:25
HKT-BKK 15:45 15:15 - 16:15
HKT-BKK 16:25 15:55 - 16:55
HKT-BKK 19:00 18:30 - 19:30
HKT-BKK 19:35 19:05 - 20:05
HKT-BKK 20:35 20:05 - 21:05
HKT-BKK 21:25 20:55 - 21:55
CNX-BKK 15:20 14:50 - 15:50
CNX-BKK 19:20 18:50 - 19:50
CNX-BKK 20:50 20:20 - 21:20

After filtered the unavailable time-period out and list the top 10 time-period by

forecasted demand. The result shows that HKT’s inbound flights have more demand

than outbound flights in average. However, it cannot be concluded that the flight

with the highest demand is the best choice because paired leg also influences to the

final output. Sometimes, the best-fit inbound flight might have very low demand and

pulled total demand of roundtrip down until it is insufficient for operation. Thus, all

flisht time which would offer the highest demand in both legs that listed in Table 12

and 13 are individually considered.

Table 12: Top 10 best flight time for inbound leg

Rank |Dpt. Port| Dpt.Time |Arv. Port| Arv.Time | Demand/Day |Connections
1 BKK 09:00 - 09:09 HKT |[10:25-10:34 335.25 138
2 BKK 09:10- 09:14 HKT | 10:35- 10:39 312.66 17
3 BKK 07:10-07:14 HKT |08:35- 08:39 261.75 9
4 BKK 09:15 - 09:19 HKT | 10:40- 10:44 239.83 14
5 BKK 07:05-07:09 HKT |08:30-03:34 230.98 2]
] BKK 07:00- 07:04 HKT  |08:25-08:29 208.63 7
7 BKK 09:20- 09:24 HKT | 10:45- 10:49 183.55 12
8 BKK 09:25 - 09:29 HKT | 10:50- 10:54 124.43 9
8 BKK 06:55 - 06:59 HKT |08:20- 08:24 117.81 7]
10 BKK 06:40 - 0G:54 HET 08:05-08:19 93.00 4
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Table 13: Top 10 best flicht time for HKT’s outbound leg

Rank | Dpt. Port| Dpt.Time |Arv. Port| Arv.Time | Demand/Day |Connections
1 HKT [22:05-22:14 BKK 23:30- 23:39 216.02 5
2 HKT | 06:45- 06:49 BKK 08:10- 08:14 1358.62 12
3 HKT |06:30- 06:44 BKK 07:55 - 08:09 138.62 11
4 HKT | 06:20- 06:29 BKK 07:45-07:54 1358.62 9
5 HKT  |06:15- 06:19 BKK 07:40 - 07:44 129.86 )
6 HKT |06:10-06:14 BKK 07:35-07:39 116.53 7
7 HKT [22:15-22:24 BKK 23:40 - 23:49 110.06 3
8 HKT |22:25-22:34 BKK 23:50- 23:59 110.06 2
9 HKT  |06:05 - 06:09 BKK 07:30-07:34 84.55 7
10 HKT  [05:45-06:04 BEK 07:10-07:29 §2.49 5

To find the best new roundtrip flight time, developed model in section 3.5.1 was

used with algorithm as explained below.

Firstly, the time-slot which would offer the highest demand is picked and the set of

possible paired flight under formulated constraints are listed as following.

Table 14: Possible paired flight for BKK-HKT 09:00 — 10:25

Mo.| Route |Dpt.Time|Arv. Time| Demand |Connections |ldle Time
1 | HKT-BEK 10:55 12:20 32 7 30
2 | HKT-BKK 11:00 12:25 30 a8 35
3 | HKT-BEK 11:05 12:30 39 8 40
4 | HKT-BKK 11:10 12:35 39 8 45
5 | HKT-BEK 11:15 12:40 39 7 50
6 | HKT-BKK 11:20 12:45 39 7 55
7 | HKT-BEK 11:25 12:50 37 ] 60

By using BnB algorithm, the possible flight time in Table 14 was individually checked,
started from the first record. Then the objective was set as 32 for demand per flight,
7 for connections, and 30 minutes for idle time. Then the second record was
considered, in this case, the demand from second record was higher than objective,
therefore, the current objective was replaced by new demand which is equal to 39.
After that, the third record was checked but the demand and connections were
same only idle time was increased by 5 minutes. Since this option was not better

than the objective value, thus, the objective was remained. Each possible flight time
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in the set will be considered until all is checked and then the next departure flight

will be picked. In this case, BKK-HKT 09:05 - 10:30 is considered next with the same

process.

As the result, the objectives from flight time determing process are shown in below

Table 15 and 16. If all first flights of roundtrip is fixed, the available outbound flights

are explored as shown in Table 15. The best roundtrip flight in every aspect is a

solution from option 5. The total demand for roundtrip is equal to 247 or about 73%

of aircraft maximum capacity. The number of connection is 16 and 6 for inbound and

outbound fight respectively.

Table 15: The departure time of second flight in roundtrip

Option | Dpt. Port | Dpt. Time | Arv. Port [Arv. Time| Demand |Connections|ldle Time
BKK 09:00 HET 10:25 168 18 35
1 HKT 11:00 BKK 12:25 39 g
Total 207 26 35
BKK 09:05 HET 10:30 168 18 30
2 HKT 11:00 BKK 12:25 39 g
Total 207 26 30
BKK 09:10 HKT 10:35 168 18 30
3 HKT 11:05 BKK 12:30 39 g
Total 207 26 30
BKK 07:10 HET 08:35 168 9 30
4 HKT 09:05 BKK 10:30 77 5
Total 245 14 30
BKK 07:10 HKT 08:35 168 9 60
5 HKT 09:35 BKK 11:00 79 7
Total 247 16 a0

After the result from fixed inbound flight is acquired, the author repeat all problem-

solving process again, but this time, HKT’s outbound flights were fixed instead. As a

result, best roundtrip flight is shown in Table 15.
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Table 16: The potential departure time of first flight in roundtrip

Option | Dpt. Port | Dpt. Time | Arv. Port |Arv. Time| Demand |Connections|ldle Time
BKK 19:40 HKT 21:05 115 9 60
1 HKT 22:05 BKK 22:30 168 5
Total 283 14 a0

To conclude, there are 2 new roundtrip flight to serve connecting passenger from the
primary airline. One is in the morning and another is in the late night. For the
morning roundtrip flight, the forecasted demand is about 72.92% of maximum
aircraft capacity and the night fligsht the demand would be about 84.22% for
roundtrip. The offered connections is 16 and 14 international airports for morning

and night flight respectively with the same idle time at 1 hour.
4.5.2 By flight adjustment

To ensure that point-to-point passenger would not be stolen by competitors, the
subsidiary airline prefer to shift flisht time within the range of 15 minutes from/to the
current flight time that shown in Appendix E wihtout competitors’s flight frequency
increment. The competitor’s flight timetable can be discovered in Appendix G. Then,
the set of possible arrival/departure time is created. The best-first search which is the
one of heuristic to find the best pair of flight within the created data set. Then use
the obtained solution as an objective and repeatedly check other flight pairs until

the best piar between departure and arrival time set is found.

For the example, roundtrip flight BKK-CNX 08:45 - 10:00 and CNX-BKK 10:35 — 11:50.
At the beginning, the second leg flisht CNX-BKK was fixed. The flight time for BKK-
CNX was shifted 5 minutes up and down within 15 minute. Before using best-first

search, all possible new time is listed as shown in Table 17.
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Table 17: Possible adjusted flight time for flight BKK-CNX 08:45 — 10:00

No. |Dpt. Time|Arv. Time| Demand | Connections | Competitors |Idle Time
1 08:30 09:45 7 23 1 50

2 08:35 09:50 7 23 1 45

3 08:40 00:55 7 23 1 40

4 08:45 10:00 7 21 1 35

5 08:50 10:05 7 20 1 30

6 08:55 10:10 7 19 1 25

7 09:00 10:15 7 18 1 20

From all possible new departure time, 08:45 gives the best outcome in term of
demand which is the first priority. Therefore, 08:45 is marked as a new flight time. For
the last two record, the idle time is less than standard ground time at province
airport, therefore, the time only applicable when the second-leg flight time is
shifhted till depature time is after 10:40. However, this is not the final solution so the
process is once done to find the best flight time for second-leg flight as shown in

Table 18.

Table 18: Possible adjusted flight time for flight CNX-BKK 10:35 — 11:50

Mo. |Dpt. Time|Arv. Time| Demand |Connections | Competitors |ldle Time
1 10:20 11:35 11 8 0 20

2 10:25 11:40 11 6 0 25

3 10:30 11:45 11 6 1] 30

4 10:35 11:50 20 9 0 35

5 10:40 11:55 29 9 1] 40

6 10:45 12:00 29 9 1] 45

7 10:50 12:05 29 8 1] 50

Similar to the first-leg flight, departure time in first two records will available only if
the first-leg flight is shifted up 5 and 10 minutes respectively. Considered at the
result from both legs adjustment, record no.3 and 4 gives the highest demand for
inbound and outbound leg of Chiang Mai International Airport and the idle time
between these 2 flights is less than 1 hour. Consequently, this pair will be used

instead of the existing.
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According to the result from flight scheduling model in section 3.5.2, new flight time

are replaced as shown in Table 19.

Table 19: Adjusted flight time for all flights in potential O&D markets

old Demand Competitors Connections Idle time

Route Dpt. Arv. Dpt. Arv old New Old New old New old New

BEK-CNX 08:45 10:00 08:40 09:55 7.18 7.18 1 1 21 23

CNX-BEK 10:35 11:50 29593 299593 o 0 9 9 35 mins | 40 mins
Total 37.11 37.11 1 1 30 30

BEK-CNX 10:20 11:35 10:35 1:50 ] ] ] 0 2 2

CNX-BEK 12:20 13:30 12:25 13:35 18.34 29493 ] 0 b 7 45 mins | 35 mins
Total 18.34 29.93 0 0 8 3

BEKK-CNX | 15:40 16:55 15:25 16:40 14.05 14.05 o] 0 7 7

CHNX-BKK 17:25 18:40 17:10 18:25 ] 0 ] 0 2 3 30 min 30 min
Total 14.05 14.05 ] 0 9 10

BEK-CNX 19:45 21:00 = 16.88 16.88 1 1 11 11

CNX-BKK 06:45 08:00 06855 08:10 37.04 37.04 1 1 11 12 =
Total 53.92 53.92 A 2 22 23

BEK-HET | 11:50 13:15 12:0 13:25 66.38 73.19 o 0 4 4

HET-BKK 14:15 15:40 14:25 15:50 2066 2066 1 1 7 9 60 mins | 60 mins
Total 87.04 93.85 1 11 13

BKK-HET | 15:35 16:55 15:25 16:45 3181 3181 ] 0 b 7

HET-BKK 17:40 19:05 17:45 15:10 ] o 1 1 1 2 45 mins | 60 mins
Total 31.81 31.81 1 1 7 9

BEK-CNX 07:45 09:00 08:00 08:15 51.88 51.88 2 2 25 25 50 mins | 35 mins

CNX-HKT | 09:50 11:35 - - - -

HET-CNX | 12:35 14:30 - - - - - -

CHNX-BKK 15:00 16:15 15:10 16:25 7.23 18.82 1 1 11 11 0 min 40 mins
Total 7.23 18.82 3 3 11 11 50 mins | 75 mins

BEKK-HKT | 19:35 21:00 19:25 21:10 14953 | 149.53 1 1 11 12 35 mins | 45 mins

HKT-HGH| 21:35 03:45 - - - -

HGH-HKT | 06:40 10:45 - - - - - - - - -

HET-BKK | 11:35 13:00 11:20 12:45 40.96 40.96 0 0 6 7 50 mins | 35 mins
Total 190.49 190.49 1 1 17 19 &5 mins | 80 mins

For Chiang Mai International Airport, the total connecting passenger demand would

be increased from 162.18 to 173.1 per day or almost 7% and the number of

connections is raised to 72 airports in total which is 4.35 % more than currently.

Moreover, idle time which exceed standard ground time also reduced at 10 minutes

in total which makes the aircrafts more utilise.

For Phuket, with the current flight timetable, the total connecting passenger demand

is about 315 with 35 possible connections. But after this timetable improvement, the

total demand would increase around 2.7% to 324 approximately and the 6

connections is added. However, the total utilise hour is decreased 10 minutes in

total.



4.6 Flight timetable to increase connecting passenger

To summarise the result from both solutions, a final time table is developed as
below. The highlighted rows are new added flights while the rest are adjusted flights

based on current timetable.

Table 20: New flight timetable for all potential O&D markets

Dpt. Port Dpt. Time Arv. Port Arv. Time
BKK 0&8:40 CMX 09:55
CMX 10:35 BKK 11:50
BKK 10:35 CMX 11:50
CMX 12:25 BKK 13:35
BKK 15:25 CMX 16:40
CMX 17:10 BKK 18:25
BKK 19:45 CMX 21:00
CMX 06:55 BKK 08:10
BKK 0&:00 CMX 09:15
CMX 15:10 BKK 16:25
BKK 07:10 HKT 08:35
HKT 09:35 BKK 11:00
BKK 12:00 HKT 13:25
HKT 14:25 BKK 15:50
BKK 15:25 HKT 16:45
HKT 17:45 BKK 19:10
BKK 19:25 HKT 21:10
HKT 11:20 BKK 12:45
BKK 19:40 HKT 21:05
HKT 22:05 BKK 22:30

With the new developed timetable, the total connecting passenger demand would
be increase about 46.76% from 491.87 to 1,051.86 and the number of connections
from the primary airline’s perspective is raised from 140 to 179 which is 78.21% more

than previous. Furthermore, the utilisation also increased 3 hours from the new

added turnaround flights.




4.7 Minimum required fleet
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Apart from time and demand constains the mentioned earlier, resource is also

important. Nowadays, the subsidiary own 20 aircrafts in total and 5 aircrafts are

totally available. Therefore, the required fleet for new timetable must not exceed 5.

By using Greedy Algorithm which is a kind of best-first search to measure the number

of minimum required aircrafts, the result shows that at least 5 aircrafts are needed to

operate all flights in the new time table. The fleet assignment for each flight is done

as shown in Figure 63.
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Figure 63: Fleet assigcnment to all flights in new developed timetable
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CHAPTER 5: ANALYSIS & DISCUSSION

5.1 Overview

To recap the flight timetable development process in this study is separated into 3
phases following the purposes. The first phase is preparation. All information that
required for flight timetable construction is obtained and gathered. Ideal timetable
was created in step with the forecasted demand in each time-slot. During data
clarification and demand forecast, the author found important factor that cause the
significantly impact on connecting demand which will be described below. After that,
the new flight timetable was developed in the second phase with the aim to
increase connecting passenger. The ideal timetable was used as reference to find the
best solution for flight time adding and adjustment. Lastly, the feasibility check was
done to ensure the sufficient of capability. For the last two phases, heuristic plays a
key role in development and checking. The author found some limitation of this
approach in during the actual adaptation and the limitation will be discussed in this

chapter.

5.2 Limitations of findings
5.2.1 Affecting factors on connecting demand

According to the problem from previous flight timetable which was developed based
on the number of connections only, therefore, in the study, the demand in targeted
O&D market had been involved in the consideration. Before the research process
starts, the author presumed that passenger demand in O&D market is the main factor
which drives connecting demand in between that particular origin and destination.
Differently from the hypothesis, from the research, the historical demand reveals
that the demand in O&D market is not always reflect on connecting demand but the
competitors in direct market always do. According to the demand in route HKG-BKK-

CNX, after the competitor start operating direct flight in this market, the demand was
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significantly dropped until connecting demand is so poor. Apart from the competitor,
the study reveal that seat capacity also influences to connecting demand as well.
However, the competitors and seat capacity are not always effect to connecting
demand in every market. Therefore, the thoroughly study about these factors
including with others affecting external factors would help for accuracy improvement

in forecast.
5.2.2 Heuristic search algorithm

To solve the flight timetabling problems, the author adopted an optimal heuristic
search namely, Branch-and-Bound. By using this technique, the author aims to obtain
the best solution regarding to airline’s objective with less time than optimal search
process. However, practically, this method was not help to reduce total execution
time since all possible time-slot need to be individually checked. The reason is
because of the data. According to literature review in section 2.8.1, since complete
path is not required for BnB, the execution time can be reduced from this point.
However, in this research, the weight of each arc which is demand is not much
different so completed path need to be done for the comparison. Besides, due to
the small size of data set, heuristic and optimal search do not provide the significant
difference. However, if this model is applied to larger data set with the wide range of
demand in considered time-slots, the total execution time for problem solving in

both method might significantly different.

Another searching algorithm that employed in this study is Greedy algorithm which is
a kind the easiest best-first search. In the last step of timetabling development, the
author used this algorithm to measure the minimum required fleet. However, the
plan that obtained from this section cannot practically used for fleet assignment and

allocation because the utilisation rate of aircraft will be so poor.

Regarding to the Figure 63 in chapter 4, section 4.7, the aircraft which would travel
along the provided route in the first row has to start the trip at Chiang Mai

International Airport and finished at Phuket International Airport. Besides, there is no



103

route start from Phuket International Airport and back to Chiang Mai International
Airport. As a result, empty flight operation is needed to bring the aircraft back to the
start point. Practically, airline does not appreciate to operate flight without any
benefit, therefore, the circumstance like this must be avoided. With this reason, the
additional constraints are strongly needed to ensure that no empty flight operation is

required and makes the plan more practical.

5.3 Company feedback

From the result of this study, the airline could increase the high volume of
connecting passenger and the number of connection without utilisation loss. Thus,
the airline is very appreciated. However, the airline worry that proposed flight time

might not available and must be checked with the airports’ officers.

The evaluation form with feedback from the airline’s manager of flisht planning

department is shown in Appendix E.
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CHAPTER 6: CONCLUSION

6.1 Conclusion

The statement of this research is to increase connecting international passenger
through the flight timetable development. Start off the study, the problem that
subsidiary airline is facing which bring about this project were discussed. With an aim
to extend air network for more competitive advantage, the subsidiary airline planned
to collaborate with the primary airline by playing a role of feeder who provides
seamless connectivity between international and domestic flights and help the

primary airline to distribute passenger within country.

The individual interview session with airline’s planning manager was set in order
obtain more understanding about current situation and scheduling process. From the
interview, the author found that company only used the number of offered
connections in each flight to estimate the connectivity performance and develop the
new flight timetable to serve connecting passenger. However, this was not quite
efficient as expected in practical term. The main reason is the number of
connections does not always reflect on demand if the offered connections cannot
satisfy passenger. As checked, apart from the lack of connectivity, demand was very
poor in almost of all O&D markets where the subsidiary flight was offering. With this
reason, the expert suggested to use demand as the first criteria for new flight

timetable development.

However, there are some related constraints that must be considered and aware
during the scheduling process are identified. The constraints can be classified into 2
aspects which are time and demand. For time constraints, 2 sub-types are explained
base on perspective. First is from airline’s viewpoint and the second comes from
passenger’s. For the airline, time constraints mainly come from operational activities.
Since many sequential tasks are needed to be done after the aircraft reach the
destination airport such as baggage loading, cabin clean up and preparation for the

next flight, aircraft checking and maintenance. Therefore, at least 50 and 30 minutes
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are required at Suvarnabhumi International Airport and province airports respectively.
Besides, since flight time would influences the utilisation of aircrafts, the gap time
between two consequent flight at the same airport is limited at 1 hour in order to
sustain the utilisation rate. Lastly, from marketing aspect, to prevent the competition
on market share between the primary and subsidiary airline, the new added flight
within the same range of 30 minutes which is the maximum acceptable time
flexibility must be avoided. Another perspective belongs to passenger, due to the
immigration and disembarkation process, passenger need some spare times before
continue their travelling via the connecting flight. However, too long spare time will
reduce connectivity performance. Therefore, the subsidiary airline limited maximum

passenger acceptable waiting time at 3 hours refer to company’s internal research.

Focus on demand, in order to scope down the number of considered O&D market,
the average 5-year historical demand must higher that 0.5% of average total demand
from 2011-2015 based on data in Star Alliance’s database which are equal to 293
and 274 for inbound and outbound flight respectively while the market with lower
demand than 0.5% of total average demand is considered as insignificant which can
ignore. Furthermore, to ensure the new added flight would have sufficient demand
to cover operation cost, at least 60% of maximum aircraft capacity or 100 passengers
is required per flight. All mentioned time and demand constraints are transformed

into mathematical equations for further application.

To determine the potential times for connectivity and network expansion, the ideal
flisht timetable was constructed by applying the concept of visualisation in wave-
system structure including with passenger’s time constraints. Then, the forecasted
demand was summarised and assigned for each time-slot. To obtained forecasted
demand, Holt-Winter model was adopted with 5-year historical demand from Star
Alliance in all O&D markets except the market with insignificant demand as ruled

earlier in section 3.3.2.

The reason that author use Holt-Winter model is because of seasonal demand

characteristic which match the most with this method. Regarding to the completed
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ideal flight timetable with summary of forecasted demand, the top 10 time-slot were
ranked base on two criteria which are demand and number of connections. The
reason that demand was used as the first priority because this research aim to
eliminate weakness from the flight time selection process that airline did before as
explained earlier. However, the number of connections cannot be ignored since it
refers to the possibility in market growth and expansion. Furthermore, the high
demand O&D market does not good in long term if that market has already

saturated.

In this research, the connecting flight timetable was developed by new flight adding
and flight time adjustment. The reason that two techniques are used because even
the airline aim to obtain more passenger, the point-to-point demand still important
and must be remained. Otherwise the added connecting passenger from new
developed timetable would be worthless. Therefore, two flight time tabling model
were developed from formulated constraints and solved separately for each
method. According to airline’s requirement only one pair of flight which would offer
the highest advantages to the airline is needed in the first phase of development.
The model of flight timetable at this section was solve with heuristic approach called
Branch-and-Bound algorithm. As the result, 2 new additional flights which would be
operated with an aim to serve connecting passengers only were acquired from the
first model. In term of efficiency, 3 factors; demand, connections, and utilisation of

aircraft were assessed.

For the second method, all current flights were considered and allocated under time
constraints that declared earlier. In this section, best-first search was applied for
problem solving. To summarise, the final timetable was constructed from the
combination of both methods’ result. The first priority was given to additional flights
because these especially developed to serve connecting passenger while the
adjusted flight was just adjunct so it was considered as the second priority. To
evaluate the performance of new timetable, 4 indicators were used which are

demand, the number of competitors, connections, and utilisation hours. After
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combined the result from two timetabling methods together to construct the final
flight timetable, the result shows that total connecting demand would raise around
46.76% from average demand of past 5 year and the number of possible
connections from inbound and outbound flight are increased from 140 to 179 in

total. Moreover, the utilisation hour would increase 3 hours.

Lastly, to ensure that the developed timetable is practical, the minimum required
fleet was measured and compared with the existing aircraft resource. Greedy

algorithm which is a kind of heuristic search was adopted for solution finding. As a
result, the author found that at least 5 aircrafts are needed to operate all flights in

the developed timetable which is equal the number of current available aircraft.

6.2 Contribution

According to many researches about fligsht scheduling where connectivity is the main
concern, the complicated model was developed and employed. Due to the
complexity, the model is not possible to be solved manually, thus programming
calculation is strongly needed and this cost quite a lot to the company. For the new
airline where large amount of investment has been paid in establishment already,
therefore, it would be helpful if the capital investment on planning can be reduced.
By using the timetabling model that provided in this study, the problem can be
manually solved because the problem was broken down into many small sets. Then

apply heuristic to find the proper solution.

6.3 Limitation of study

Since this study used heuristic as the main approaches to obtain the result,
therefore, the developed timetable might not be the optimal one but just good
enough according to the airline’s objective. Furthermore, the flight scheduling model
and solution that developed in this research are potentially useful for small scale

problem, especially for the new subsidiary airline where operating route is not much.
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Otherwise, the number of iteration in solution finding process would be so high that
very long execution time is needed. Lastly, profit and cost are neglected in this

research so the model is not applicable for any cases that cost is the main concern.

6.4 Future recormmendation research

In the last step of flight timetable development in this research, the author just
checked the minimum required fleet for only 2 potential airports which are Phuket
International Airport and Chiang Mai International Airport. From the study, the author
found that even greedy algorithm for fleet assicnment always gives the best solution
in every single step but the solution might not be the optimal if the start and end
airport of the particular aircraft is different. With this reason, fleet rotation is very
helpful for the problem solving. Since each aircraft can be rotated to more than 1
route. For an example, A32S-1 travel roundtrip between Bangkok, Suvarnabhumi
International Airport and Chiang Mai International Airport. After that it could be
assigned to international route like Cebu and finished there. At the same day, there is
another fleet, A325-2 which starts the travel from Cebu and ends at Bangkok,
Suvarnabhumi International Airport. Therefore, these 2 aircrafts swap the route with
each other on odd and even date. Furthermore, due to the relative rotation among
aircraft, the changes in some flight could influence to the others within the network.
Consequently, all flights must be involved in consideration for fleet planning to

maximise the utilisation of aircraft.

Another concerning point is actual flight time. In this research the time was provided
based on calculation and theory while this might not available in practical due to
the limitation of airport time-slot and resource. Therefore, the provided solution can
be only used as a guideline. Additional research on actual available time must be

done to make this plan more practical.

In this study, the connection is limited between the primary and subsidiary airline

only, but in the future, the subsidiary airline can extend the scope to satisfy
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passenger from others international airline as well in order to make the higher
volume of connecting passenger which could bring about the higher profit

accordingly.
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Appendix A: Passenger Choice Model

Model VMSFSM

Min.
2 aiXi+ } ) Y
ijed REN ijeB,
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IR ED I
JENPF, LEN P,
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" :-I'llnl

R WieNP.VaeN,
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b =p
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Wi NPp.Wrne N,

[fia = Fip(Xij. Yhj € TF, af (D sk<tf (i) +w”),

Wi NPp.Yre N,

wil, = fin(Xpj VEj & THI 0 (i) k< tf(i) +wt™),

¥ie NPa.¥re N,
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Notation and symbols

Sets:

N the set of all ODs;

A, NF the set of all arcs and nodes in the fleet network:;

CF the set of all cycle arcs in the fleet network;

By, N P, the set of all arcs and nodes in the nth passenger
network:;

FF the set of all flight leg arcs in the fleet network;

5% the set of flight leg arcs at the gth station in the fleet
network;

TF? the set of all flight leg arcs that can deliver passengers
from node { (departure station) to the arrival station within
the passenger acceptable in the nth passenger network;

TH} the set of all holding arcs at the departure station from
node { to later nodes within the passenger acceptable wait-
ing time in the nth passenger network;

TFH] the set of all flight leg and holding arcs that can
deliver passengers from node { {departure station) to the
arrival station in the nth passenger network;

SA the set of all stations;

NFF,, the set of all delivery arcs in the nth passenger net-
work;

TDF, the set of holding arcs at all intermediate stations in
the nth passenger network;

OF, the set of holding arcs at the departure station in the
nth passenger network;

DF, the set of holding arcs at the arrival station in the sth
passenger network;

CFy the set of all collection arcs in the nth passenger net-
work.

Decision variables:

X;; arc(i, j) flow in the fleet network;
FI-’} arc(i, j) flow in the nth passenger network.
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Functions and parameters:

ffr{] the flight frequency function in the ath passenger
network;

fng () the passenger waiting time function in the nth pas-
senger network;

fi () the travel time function in the ath passenger network;

(Mote that the Right leg arcs and/or holding arcs associated

with the nth passenger network can be traced in functions

F30s fug () and fE0).

¢f(i) the function that gives the time associated with
node i

N the nth OD pair (i.e. the nth passenger network);

p; the number of passengers at node i in the nth passenger
network;

cij arcii, j) cost in the fleet network;

i'rf';. arcli, j) cost in the nth passenger network;

af the number of available airplanes in the fleet network;

ut" the acceptable time that passengers are willing to stay
for a flight in the ath passenger network (represented as
the number of nodes);

g® the quota of flights approved for landing at the gth
station;

K the aircraft capacity (note that a planning maximum load
factor can be used in the planning stage to avoid over-
loaded of airplanes due to stochastic demands in opera-
tions);

uf;; arcli, j) flow’s upper bound in the fleet network:

up:-ij arcli, j) flow’s upper bound in the nth passenger net-
work;

b7 the trip supplies at node i in the nth passenger network:
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Appendix B: Interview

REGIONAL CENTRE FOR MANUFACTURING SYSTEMS ENGINEERING
Faculty of Engineering, Chulalongkorn University

Phayathai Road, Bangkok 10330, Thailand

Tel. (662)2186804, Fax (662)2186805, E-mail: cuse.chula@gmail.com

Interview

Cadidate’s name: ... Wotdoorin Thatan
Interviewed by: ...NatmvEe, Deenattanarkul, .

1. To increase the connecting passenger, which one is the most important thing in your opinion?
O&D Market demand
[0 Number of possible connections
(E  OHHER oot e oReEatintns

2. From your experiences, what are the affecting factors which could significantly influence the

connecting demand and must be concerned for this airline’s flight timetabling?

1. \Wating timt = The seawmless onnectivity is the ideal connectivity % provide
............................................................. . 16 e ideal connectiity © peovide ...

ke S
the fastest Connecting Fliant - however | ever assenaer LoLIA yeavire the
xR .. PRIy 9
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3. Suggestions

........ Afteoll | the point of connectivity improvement s Yo increase the passenser
....... demand I order Yo €l the loding factor; so thal, the flohb coold be

....... profitable.  \here, the break-tven loading faclor of the new timelable shaold

(Interviewee Signature)



Appendix C: Forecasted Demand

ARN-BKK-HKT
Demand of ARN-BKK-HKT
3500.00
3000.00
2500.00
2000.00
1500.00
1000.00
500.00
0.00
Period MY  |Actual D DD
X ¥ 1| MNow-11
Period DD 2| Dec-11 1600.00
3 2060 3| Jan-12 1900.00 2060
4] 21154 4| Feb-12 290000 21134
5 5 Mar-12
] 6| MNow12
7| Dec-12
Bl 22718 g| lJan-13 22718
gl 22p0.8 %| Feb-13 22608
10| Mar-13
11| Mow-13 2394 57
12| 25842 12| Dec-13 2584 2| 241747 107426
13| 2R0BE 13| Jan-14 2608.8| 2440.38| 1.24776
14| 26524 14| Feb-14 2652.4| 24/3.29| 1.20814
15| Mar-14
16| Mow-14 2509.1| 0.8BB77
17| Dec-14 2532] 1.11s11
18| Jan-15 2554 91| 1.14803
13| Feb-15
20| 25454 200 Mar-15 25454| 2600.72| 0.B57B4
21| 245834 21| MNow-15 2493 4| 2623.63| 0.B1sB1
22 2547 22| Dec-15 2547 2646.53
23 Jan-16
22906| 21426 24| Feb-1& 2682.35
Ty Ly 25| Mar-16 2715.25( 0.23049
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Period | MY |AD [a]] Ot | St [Level Trend |Forecast  |E AaE MSE MaD “Erar  |MAPE
0 2MZE
1| Mov-Ti 21655 2183.6 55.23| So.2z0| 30S0.2] 55.225) 30602 3.0682
2| Dec-Ti| 1500.00 2155.4] 0.3332] 2207.5 G04.51| 604.31] 18d113] 323.77| 37.763) 20.413
3| Jan-12[ 1500.00[  2080] Zzil3| 10Tes| 2z2sd 506.51| SUG.31| 205337 355.51] 26.673) 22508
4| Feb-12[ 25300.00 2234,z 10908 22363 | 2450.5033] -443.20]  d45.2[ 20674z 40591 1543 20.752
5| Marz 2257.1] 0.8335] 2273 -31.00] 50.993| 166T06| 333.33] 3.8571 17373
B] Mow-12 2780 0.8535] 23156 -10B.53| 106.53| 140813] 300.53) 51537 15.338
7| Deci2 e 0 5742 157.42| 124237 20006 14393 14.208
8] Jan-13 23259 10553 2361 -45.20] 45196 106962] 250.72] 1.7745| 12694
3| Feb-13 2340.8]  11M3| 23726 20695 206.95 100614] 245.86) 54641 12158
0] Ma-13 23717] 0.5365] 24083 -35.43] 35423 91578| zzd4.82| 16z2E[ 11132
IR =yl === 74.96] 74.958 53764]  =211.13] 37256 10.458
i3 24175 0.9541] 24804 2359.5515] -207.d| 207.M| 50353 ZW0.85] v.9ve1] 10.252
3 24404 10582 24374 25534771 -498.55| 498.58] 93233] 23233 15576 168
4 2463.3] 11033 5083 -191.34| 191.34] 59267 Z30.06] 6.4995) 10378
5 2485.2! 2545.4 -33.00] 33.001 53366 216.92] 14305 9.7a1
15 2509.1] 0.8537] 2583.6 -34.97| 34.574| To253| 205.55) 15603 9.2674
i 253z| 0.972d| 2616.6 -zel M| 2511d] 75233 209.93] 3.9485) 53079
15 2554.3 26304 -T6.06)  7E.OS| 74zZ71 20285 25377| 89351
13 25778 2633.7 57290 S572.3| &v5an| zzz04| 24071 I.737
20 ZBO0.7| 0.5334| 26757 162,53 162.55] 54575 213.07| v.2575) 95095
1 Z6z36| 0.8544| 27198 155.93) 65.13] 51848 21651 77053 9519
2 ZE4E.5| 0.3531 Zrd4dE -344.02] 394.0z| 5307|2223 TiZgn| 9.5999
23 2669.4 2756.6 Jalza| a3l24] 54647| zov.04| 1z4is| 97223
24 2632.3 27666 366.24| 306.24| Gvaa6| z3a67| 14.586] 9.9243
] 2255.00 27153 0.532] 26034 234.25| z34.25| B6037| =233.7| 10.388] 3.9434
5 0.5475
7
28
]
30 05832




MEL-BKK-HKT
300000
250000
200000
1500.00
1000.00
500.00
X ¥
Period oD
5 19716
4] 19838
5
] 1910
7
Bl 16568
5] 1568.2
10| 15484
11
12
13 1400 .4
14 1261
15 11752

-73.4535| 228246
To L,

Demand of MEL-BKK-HKT

Period MY | Actual D oD Dt 5F
1 Mow-11
2| Dec-11 | 1555.00 2135.55| 0.72815
3| Jan-12 | 187700 19716 2062.1| 095873
4| Feb-12 | 1731.00| 1993.8| 19B264| 087044
5/ Mar-12
6| Nov-12
7| Dec-12
8| Jan-13 | 1657.00| 1656.8| 1694 83| 097768
9| Feb-15 | 108B2.00| 1568.2| 1621.38| 067104
10 Mar-13 | 187400 15484 15479592 121065
11| MNow-13
12| Dec-13
13| Jan-14 | 1337.00| 14004( 132756| 1.00711
14| Feb-14 | 1038.00 1261 1254.11| 0.B2768
15| Mar-14 | 150400 1175.2| 118065 127387
16| Now-14
17| Dec-14
18| lan-15
13| Feb-15 855.4| BBG.B41
20| Mar-15 790.2| 813.387
21| MNow-15
22| Dec-15
23| lan-1&
24| Feb-16 | 41000 | s519.573] 0.78911
25| Mar-16 [
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Period My | a0 | 00 | e | St | Lewel Tiend |Forecast] E AE MSE MaD | Enor | MAPE
d 2262.5] -73.45351
1] hlew-Ti 22018] -74.96101 26213] 26213] BaT43| 26213 12457 12457
Z[ Dec-11] 1555 2135.6) 0.8642] 2144.9] -72.44444| 15369 783.55) 284.85) (4B5a| 275.02] i6.254] 15576
3] Jan-1Z[  fH¥7| 1971B| 20621 0.9361 2079 -7lr9269) 19401 -36.92| Shdzh| SOesb| 194.32] lee¢r| 10.G7a
4] Feb—t2]  1731| 15538 1556.6] 0.76] 2037.7] -68.74513| 15254| -2056| 20557 46235 19v13] TL876] 11124
5 15938.2) -T181557 286.25| 28625 54575 Z14.56) Tl464] 11982
B 1560.2] -72.45458| 1572.6] -236.4| 7342[ G55128) 218.53] 0703 1A
7 1502.4] -70.57543 B4.152] B4.152] 47041 19648 44081 10.152
8] Jar—13] I6ST| 16568 1654.8] 0.9376] 1735.2[ -TO53435) 16234| -3364| 3364 42002] 17612[ Z0302] 51372
5] Feb-13] 08| 15662 1621d4| 0.7655] 16G6.6) -66.37433) 12a0| 19198 19158 d41430] 177.89] 17.645] 10.082
0] Mar3]  1874] 15dEd] 15473 1401 15528 -70.9425) Z267.5| 595.53) 59553 Sorrd| 199.45] 205595 fiiT4
i 15196 -riocozz |l 577 5T 7E] 49| 19584 roogz| 10867
12 1453.6] -T059635] 12208 1362] 13617 47i0d] 183.03] I0.035] 10793
13 400.4] 13276 1384.6] -70.d4d96| 12351 -37.68] 37.679) 43531 17r4l| 28332 10185
14| Feb-14| 038 2R 1254 0.7565| 13315 -B&.72697| 994.16] -45.84] 4535 40615 6757|4223 9.7594
5| Mar-14|  1804] 175.2| E0.7| 1avob| 12923 -70.75767| 1740.6| Z36.56) Za6.56] dibse| TrZdh| torZd] 1057
16 Mow-1d Ti64.2[ -T146702 18567| 19567| 41423] Trad| 18304 10.667
17| Dec—ld|  926] S65.6] 10337 0.8548| 1058.5] -70.90382) 934.04] F.0435) 6.0433] 36594| 164.02] 0.65T3] 10.077
18] Jar—5 1027.2] -70.54463 Zi0| 20| 35277 18656 Zv.70d] TLOST
15| Feb—15 B55.4| B8G.54| 0.7555) O56.91) -69.06261) 725.66| 1o6.66| o666 3050z 1BA.0G| Zv.5an] 11929
20[ Mar-15 730.2| #1333 60204 -T138151 12216] -36.43( 36425 36651] 154.68 30436] 114a
21 MNew-1g B0¢.51] -T155572 00.06] 10006 35382 156.84| 13131 11559
22 Dec—15 73554 -T17174d 23792 23792 33800 15074 58521 1123
23] Jar-16 BBZ.6z| -7181802 49.564| 9564 32437 4633 AeiEs] 103
24[ Feb—t6] 410] | 51957 0.7415] 536.25) -T126996) 435.26] 26263 26263 a1M8] 1447 66933 10.933
5[ Mar-16 [ 515.06] -72.26503 5353 53.534] 29985) 137.95) 69345 10773
26 Oet-16 4657
27| Mow-16 05503 F15.05
26 DOec-15 05142 27258
28] Jan17 0.7364 166,42
30 Feb-17 13815 212,33




CNX-BKK-SIN
Demand of CNX-BKK-SIN
3000.00
2500.00
2000.00
1500.00 -
1000.00
500.00
Period MY | Actual D ]0] Dt 5F
X ¥ 1| Now-11 | 1739.00 1327.64| 130984
Period DD 2| Dec-11 | 2055.00 1340.38| 1.53315
3 3| lan-12
4 4| Feb-12
5| 13493 5| Mar-12 | 673.00] 1349.3| 137859 048818
6| 13386 6| Now-12 | 2107.00] 13395 139133 151438
I 7| oec12 [
8| 140485 8| Jan-13 | 88250| 140485 14168 0.62288
g| 147845 | Feb-13 | 967.00| 1478.45| 147954| 0.67644
10 10| Mar-13
11 11| Now-13
12| 1526.25 12| Dec-13 | 2356.00| 1526.25| 1467.76| 1.60517
13| 15841 13| Jan-14 | B3400| 1564.1| 1480.49| 0.56333
14| 15313 14| Feb-14 | 110400| 1531.3| 149323 073934
16| 16025 16| Now-14 | 231100] 18025 151871| 152169
17| 1605.3 17| Dec-14 | 2567.00] 1805.3| 153144 16762
18 18| Jan-15
19 18| Feb-15
0[] 15228 20| Mar-15 | 527.00| 15225 1569.66| 0.58058
21| 15188 21| Now-15 | 2108.00| 1518.5| 158233 1.3327%
22 1502 22| Dec-15 | 2480.00 1502| 1595.13| 1.55473
127376 13149 24| Feb-16
To Lp 25| Mar-16 | 572.00 1633.34| 0.59938
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Period Ty ad oo Ot St Level Trend  |Forecast E AaE MSE MaD | =Emor | MAPE
u} 1314.9| 12737597
1 Mow-11 1733 13276 14753 13062 10536356 19535 22052 22052 48630| 22052 12631 12681
2] Dec-M 1340.4 12332 G.23348|) 204 361 56141 24965| 12833 1.v5ET| v.2139
3| Jam-12 1345.3| 12621787 -122.9| 1229| 21680| 12652 13.2] 9.2134
4| Feb-12 13311| 15334016 38.016| 38016 18197 116.83| 10.604| 9561
5] Mar-12 E73| 13433 13756 05348 1525 20.456387| 93693 16393 163.33] 19932] 1263 24.353] 1251
B Meow-12 2907 1339.6| 13913 14815 1447| 17.88195| 2152.8| 45771 45771 16959 11288 24723 10.796
7| Dec-12 1135 5 14.978233 120084 120.84| 16623 11.02| 5.4783| 10.036
8] Jan-13] 8525 14045 14165 0625 1491 19.003851  9116] 28658 25658 14647 103.35( 3.2473[ 3187
3| Feb-13 967| 14vEE5| 14295 06631 15d1.5| 22152135| 1008.3] 4186 4186 13215 96.515) 4.3283| 56473
10f Mar-13 1E03.5( 2E.731153 47324 47324 12117 91536| 5.4884| 53313
N Mow-13 16042 23.523573 -Gd4.6| 84602 11666] 30.96] 34183 T.8552
12| Dec-13 2356| 15263 1dEV.5| 15829| 1592.7| 20.02¥555| 257V6.5| 22053 220.53| 14v47| 1017E| 9.3603| H.0081
13| Jam-1 834| 1564.1| B05| 0DE2dd| 1B50.6| 23818745 1007 173.03| 173.03| 15315 10v=24 20747 8388
14| Feb-14 10d] 15313 1493.2] 0.664] 1703.2) 26.690346]  1111.3] 7v.8633| 7.5698| 14753 10014 0.71=5( 53363
15[ Mar-1d 17738 31088393 -B3.21) 53211 13986 397.013| 50605 21745
16| Mou-14 2311 1B0Z25| 15187 14631 17EE.4| 27.232373| 26517 340.63| 34063| 20366 M224f W.742[ 8585
17| Dec-1d 2567 16053 1531d| 15725] 1752.6| 23.134267| 2820.5| 25353 253.53] 22349 120.55] 9.6T64| 5.6603
18| Jam-15 1813| 26.860528 105.67| 108.67| 22330 119.89 11| 87364
19| Feb-15 18654 23.41284 10081 10081 21630 11383 3.0185| 8805
200 Mar-15 15226 1969.7| 0.5787| 1335.7| 33501382 169.45| 163.45| =Z2041 121d42| 15258 9.2516
21| Mou-15 2103| 1518.6| 1582.4| 1453 1925.2 29100635 2861d4| TE2.36| 75236 473dE| 151dE| 35.674| 10.535
22| Dec-15 2dE0 1502\ 15351 15618| 1907.6| 24436026 30521 S57213| 57213| BOB4S| 17058 2307 1108
23| Jan-16 1968.3] =5.05811 210,41 210.41| 53934 2| 2194 11573
24| Feb-16 2020( 30426064 274.87| 274.87| EOS34| 17E.53| 2B.557| 12.203
25| Mar-16 1633.3 2091.5( 34.534423 18v.07| 18v.07| 53561 17T.01 13.108| 12473
26| Oct-16 14173 301353
27| Mow-16 15356 33175
28] Dec-16 05335 13027
23| Jan-17 0.6415 1430.9
30| Feb-17 0 5586 1264 .5
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Appendix D: Wave-System Structure

Inbound




128

Outbound
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Inbound 1.1

Inbound

¥ 657 / ICN

¥ 472 f5YD



Inbound 1.2

Outbound

Time

3

000
0:05
0:10
0:15
0:20
(:25
0:30
(:35
0:40
(:45
0:50
(:55
1:00
1:05
1:10
1:15
1:20
1:25
1:30
1:35
1:40
1:45
1:50
1:55
2:00
2:05
2:10
2:15
2:20
2:25
2:30
2:35
2:40
2:45
2:50
2355
300
305
3:10
3:15
320
3:25
3:30

3:35

XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
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Inbound 2.1

XX 935 f BRU




Inbound 2.2
3:40
3:45
3:50
3:55
400
4:05
4:10
4:15
4:20
4:25
4:30

4:35

6:30
6:35
640
645
6:50
6:55
700
705
710
715
720
725

7:30

XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN
XX 657 / ICN

XX 472 / SYD
XX 673/ KIX
XX 673/ KIX
XX 673/ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX
W ET3 [ KIX

XX 673 / KIX
XX 673 / KIX
¥X 318 / BOM
¥X 318 / BOM
¥X 318 / BOM
¥X 318 / BOM
(318 / BOM
¥X 318 / BOM
¥X 318 / BOM

¥¥ 318 / BOM
¥¥ 318 / BOM
¥¥ 318 / BOM
¥¥ 318 / BOM

(318 [ BOM
XX 318 / BOM

XX 318 / BOM
XX 318 / BOM
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO
XX 647 / NGO

¥X 647 / NGO

¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
¥ 661 / HND
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Inbound 2.3

¥ 961 [ ARN
361/ ARN
361/ ARN

¥ 961 / ARN
361/ ARN
361/ ARN

¥ 961 [ ARN

L

16
16
&
&
&
&

wa
=
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Inbound 2.4
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Inbound 3.1
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Inbound 3.2

7:35
7:40
7:45
750
755
B:0D
B:05
B:10
8:15
B:20
8:25
8:30
B:35
2:40
B:45
B:50
B:55
000
005
010
9:15
020
925 0 AR
0:30 f ) JK ¥¥ 951 f CPH
9:35 X {
8:40
9:45
9:50
9:55
10:00
10:05
10:10
10:15
10:20
10:25
10:30
10:35
10:40
10:45
10:50
10:55
11:00
11:05
11:10
11:15
11:20
11:25

[y

[y
0O 00 00O 00O 00O 00 X

1

o
Bd PBJ P R

Pd R Ra P




137

Inbound 3.3

ARN CU 30{041/ MXP XX 945/ FCO
945 / FCO
945 / FCO
945 / FCO
945 / FCO
, ¥X 845 / FCO
/ J 441 MXP XX 945 / FCO
541 / MXP : ] (971 / ZRH
541 / MXP J FC ( (971 / ZRH
541 / MXP
XX 941 [ MXP
945 / FCO
945 / FCO
945 / FCO

XX 951 / CPH

( '451 CPH XX 518/ Dl'El

XX 508 [/ KHI
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Inbound 3.4
¥XOTL [ ZRH XX X 'BLR X¥¥ 911/ LHR
"LHR

/ ZRH
(971 / ZRH

921 / FRA
955/ OSL XX 921/ FRA
955 / OSL
955 / OSL
921 / FRA

342 [ KHI
X 518 / DXB
Y 508 / KHI
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Inbound 3.5
XX 955/ OSL XX 921/ FRA

LHE

/ LHE

J LHE

342 / KHI

342 / KHI

342 / KHI _

951 / CPH - ] 508 / KHI
518 / DXB
XX 508 / KHI

3-'-12.
342
342
342

XX 508 / KHI
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Inbound 3.6

XX 518 f DXB XX 508 [ KHI
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Appendix E: Flight schedule of the subsidiary airline in potential O&D

markets

BKK-CNX-BKK

BKK-HKT-BKK

Route Departure Time | Arrival Time
BEK-CMNX 07:45 09:00
BKK-CMNK 08:45 10:00
BEK-CMNX 10:20 11:35
BKK-CMNX 15:40 16:55
BKK-CNX 15:45 21:00
CMNX-BKK 15:00 16:15
CMNX-BKK 10:35 11:50
CMNX-BKK 12:20 13:30
CMNX-BKK 17:25 158:40
CMNX-BKK 06:45 08:00

Route Departure Time | Arrival Time
BKK-HKT 11:50 13:15
BKK-HKT 15:35 16:55
BKK-HKT 19:35 21:00
HKT-BKK 11:35 13:00
HKT-BKK 14:15 15:40
HKT-BKK 17:40 19:05




Appendix F: Flight schedule of the primary airline in potential O&D

markets

BKK-CNX-BKK

BKK-HKT-BKK

Route Departure Time | Arrival Time
BEK-CMNX 07:50 09:10
BKK-CMNX 08:45 09:55
BEK-CMNX 13:15 14:25
BKK-CMNX 17:20 18:30
CMX-BKK 15:20 16:30
CMNX-BKK 19:20 20:30
CMX-BKK 20:50 22:10

Route Departure Time| Arrival Time
BKK-HKT 07:45 09:10
BKK-HKT 08:30 09:55
BKK-HKT 10:00 11:20
BKK-HKT 13:20 14:45
BKK-HKT 14:05 15:25
BKK-HKT 16:45 18:05
BKK-HKT 17:25 18:45
HKT-BKK 12:15 13:40
HKT-BKK 13:55 15:25
HKT-BKK 15:45 17:10
HKT-BKK 16:25 17:50
HKT-BKK 15:00 20:25
HKT-BKK 19:35 21:00
HKT-BKK 20:35 22:00
HKT-BKK 21:25 22:50
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Appendix G: Flight schedule of the competitor airline in potential O&D

markets

BKK-CNX-BKK

BKK-HKT-BKK

Route Departure Time | Arrival Time
BEK-CMNX 08:00 09:15
BKK-CMNX 09:45 11:00
BEK-CMNX 12:10 13:25
BKK-CMNX 17:10 18:25
BKK-CINX 19:35 20:50
BKK-CMNX 21:15 22:30
CMX-BKK 06:55 08:15
CMNX-BKK 10:00 11:20
CMX-BKK 11:45 13:05
CMNX-BKK 14:10 15:30
CMX-BKK 15:10 20:30
CMNX-BKK 21:40 23:00

Route Departure Time | Arrival Time
BKK-HKT 06:20 07:45
BKK-HKT 08:05 09:30
BKK-HKT 09:10 10:35
BKK-HKT 10:00 11:25
BKK-HKT 12:30 13:55
BKK-HKT 14:35 16:00
BKK-HKT 17:30 18:55
BKK-HKT 19:45 21:10
BKK-HKT 22:00 23:25
HKT-BKK 06:55 08:20
HKT-BKK 08:45 10:10
HKT-BKK 10:20 11:45
HKT-BKK 12:20 13:45
HKT-BKK 14:50 16:15
HKT-BKK 16:50 18:15
HKT-BKK 17:30 18:55
HKT-BKK 19:45 21:10
HKT-BKK 21:55 23:20
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Appendix H: The airline’s feedback

Airline Feedback

Project: Domestic flight timetabling to increase connecting passengers in a local airline

Excellent Good Fair

1. How the result of project meets airline requirements? /

2. How appropriate of the approaching methodology? o

L
L]
3. How would you rate the overall quality of project? ‘_‘/_I l—_|
[ ]
[ ]

4. How practical is the project?

5. How helpful is the project to the problem? /

6. How satisfy of airline toward the result in overall? |—7] | ] l I I l

Comments and suggestions

SIENATATES cunosirin S M er sk onnisimise sen
(Wutcharin Thatan)

Manager of Corporate Strategy & Planning Department
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