Oct. 2018

Transactions of Nanjing University of Aeronautics and Astronautics

Airline Partner Selection Optimization Based on
an Improved QSI Model

Zhao Xiaosong'?, Zhu Jinfu'" , Ge Wei*

1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, P. R. China;
2. Xiamen Airlines, Xiamen 361000, P. R. China;
3. School of Economics and Management, Nanjing University of Posts and Telecommunications.,

Nanjing 210023, P. R. China
(Received 5 September 2017; revised 20 January 2018; accepted 20 March 2018)

Abstract: This paper studies airline partner selection. The international airline operation involves considerable co-
operations with other airlines at home and abroad. How to choose the most suitable partners is a realistic issue for
Chinese airlines. In this paper the quality of service index (QSI) model is improved by applying more necessary in-
dexes based on the analysis of large scale of data. A partner selection model is established to help airlines identify
the best partner(s) in a scientific and effective way among potential candidates. Finally. real data from an airline
company in China is applied to test the model. The outcome verify the effectiveness of the partner selection model

proposed in this paper. The model can be helpful for selecting more suitable partners and increasing coordination
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value through cooperation with the partners.
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0 Introduction

The airline alliance is a strategic group of air-
lines based on cooperation agreements, reflecting
an airline’ s global integration. Alliances can ex-
pand the airline network of respective members
covering most parts of the world. It also pro-
motes the international air transport service and
makes it easier for passengers to travel between
countries. The partnership within an airline alli-
ance framework helps optimize the allocation of
resources, enjoy economies of scale for cost sav-
ing, and expand the airline network for better in-
ternational penetration.

At present, the three largest global airline
alliances are Star Alliance, SkyTeam and One-
world. They are playing an important role in the
international air transport market, with their cap-
ture of more than half of the global air travel de-

mand.
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Members of an alliance take benefits from
such cooperation. However, partner selection is
vital in getting the expected values. For any des-
tination areas (for example west Europe). there
would be a number of alliance partners available
as the choices for a domestic airlines in China.
The partners not just cooperative with each other
but also compete against each other due to their
own interest. Therefore, it is a realistic problem
for the Chinese airlines with regard to how to
choose a good partner for enhancing their interna-
tional market. Different partner selection may
lead to different cooperation network and address-
ing different market needs.

Usually, an airline in China would already
have had existing international airline porters.
This brings some difficulty in reshaping the coop-
eration structure after joining an alliance. The ex-

clusivity of an alliance requires new members to
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cooperate only with the partners within the same
alliance. No single alliance’ s network can cover
the whole world, not to say an individual one. So
there is a recent trend that more airlines are con-
sidering cooperation with other carriers outside of
their own alliance. The phenomenon has attracted
academic attention, but there hasn’t been any
sufficient research in this area yet.

Many research papers have studied airline al-
liance but most of them hovered at the strategic

levelt.

of forming', managemen
[9]

These literatures focused on the causes
%, development of
airline alliances'” , and so on. Recent years, con-
tinuing research interest in this topic have oc-

1. 1% studied the fuzzy preference

curred. Liou et a
programming and the analytic network process
(ANP), and combined them to form a model for
selection of partners within strategic alliance.
The other areas addressed were effects of uncer-
tainty and disagreement between decision-makers
on operation, as well as interdependency and
feedback arising from applying different criteria.
Ebrahimian et al. """ studied airline alliances part-
ner selection in uncertain environment using bal-
anced score card (BSC) methodology for establis-
hing criteria, while at the same time considering
passengers’ and experts’ viewpoints. Fuzzy ana-
lytic hierarchy process (FAHP) method was used
for computing weight factors and relative impor-
tance of main criteria, and the performance of air-
lines were ranked using Fuzzy TOPSIS. Liou™*
developed an integrated model for the selection of
strategic alliance partners in the airline industry.
The model addressed interdependency and feed-
back effects between criteria and alternatives by
using the decision-making trial and evaluation la-
boratory ( DEMATEL ) and analytic network
process (ANP). Silva*®! conducted a single quali-
tative case study, examining the co-evolution of
the Star Alliance from 1997 to 2010. Validation
methods, including member checks, triangula-
tion, and peer review, were used to ensure the
research trustworthiness. Fu et al. "' studied the
service quality’s effects on the selection of a part-

ner airline in the formation of airline alliances.

The main concern is how an airline’s service qual-
ity might affect the selection of its partner airline
during the formation of airline alliances. Garg''*
presented a robust hybrid decision model for eval-
uation and selection of the strategic alliance part-
ner. It applied analytic hierarchy process (AHP)
for evaluation of criteria and fuzzy technique for
order performance by similarity to ideal solution
(FTOPSIS) to select strategic alliance partners.
The research works above were mainly about
the evaluation and analysis using AHP, ANP,
FAHP, etc., instead of modelling partner selec-
tion with assessment on potential cooperation ef-
fectiveness. Partner selection is a key decision for
airline industry. The selection involves a number
of complex processes which is the result of combi-
nation of various associated factors. In this pa-
per, we choose the most important indexes to
forecast the cooperation outcome and study part-
ners’ selection with quality of service index
(QSD. In Section 1, we try to improve QSI mod-
el through choosing more necessary indexes based
on the analysis of large scale of data. In Section
2, a partner selection model is established to ef-
fectively assisting airlines to identify the best
partners from a number of possible candidates. In
Section 3, a case study is carried to demonstrate
the effectiveness of the partner selection model
proposed in this paper. Conclusions come in Sec-

tion 4.

1 Improving QSI Model

Among the existing research works, the
most representative method to estimate the mar-
ket share of aviation industry is QSI model devel-
oped by Boeing’ s operation research laborato-

[16]

ry-'", which is considered as an effective tool for
]

calculating market share'™. However, the clas-
sic QSI model gave a rather rough result in prac-
tice, for only a few of attributes on market share
introduced.

For any origin-destination pair (OD) mar-
ket, various of attributes, such as route, depar-

ture time, aircraft type, ticket fares, deviation

ratio, usually marked as f, f;,***» f» » may af-



814 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 35

fect its market share. The following formula is
used to calculate QSI value of flight ¢
QSIL =ai f1 +arfo+ -+ a.f. @)
where q are the coefficients of the attributes which
can be obtained with regression analysis of histor-
ical data. The QSI model is a linear prediction
model. If the QSI values of all flights are calcu-
lated by Eq. (1) for an OD pair, the market share
of flight i can be obtained by
__QSL

M, =
>, QsL

kEN

where N is the set of all flights in the OD mar-

(2

ket. The key of using QSI to forecast market
share is to select the effective attributes to calcu-
late QSI value. This section is focused on finding
the more suitable indexes (i. e. the attributes)
and calculating their corresponding coefficients
based on a large scale of historical data, so that
the improved QSI model can predict the market
share of flight in international airline market more
reasonably.

Based on the research work of Refs. [14,16,
17] as well as industry application (such as the
Delta Airlines Inc and the Royal Holland Air-
lines), this paper selects the candidate indexes as
follows: The flight frequency (Freq), available
seats ( Type), deviation time rate ( TimeCode) ,
transfer service(TransferSV), alliances and coop-
eration relations(AllCo) , airport coordinate abili-
ty (AptCo), degree of market competition (Com-
petition), market situation ( SaleNet), turnover
share at hub airport ( AptShare) and Frequent
Flyer Program(FFP) etc. Due to unavailable data
of ticket price, the indexes Competition and
SaleNet are adopted to replace the role of ticket
price in the model.

We use the real data of international OD
pairs (data sources: Paxis, MIDT, China South-
ern Airline, OAG) in 2014 to establish a data-
base, which has more than 3 900 000 records.
Correlation analysis, step wise regression and re-
gression analysis are then carried out. The fol-
lowing result (QSI model) is obtained.

QSI = f (Freq, Competition, TimeCode, Apt-
Share, Type, SaleNet, TransferSV, Apt-

Co, FFP) (3
where the estimated values and relative standard
errors of weights of all indexes are given in Table
1.

Table 1 Results for QSI indexes

Index Estimate  Std. error t PC>1th)
(Intercept) —9.82E—02 3.21E—03 —30.614 <2E—16
Freq 1.0IE—03 2.40E—05 42,052 <2E—16
Competition —7, 60E—05 2.31E—06 —32.885 <C2E—16
TimeCode —1.12E—02 5.17E—04 —21.648 < 2E—16
AptShare —2.81E—02 1.75E—03 —16.106 <2E—16
Type  4.78E—05 3.46E—06 13.811 < 2E—16
SaleNet  —4,14E—04 9.68E—05 —4.274 <C0.000 019 3
TransferSV 3. 47E—02 6.39E—04 54,225 < 2E—16
AptCo 2.92E—02 1.08E—03 26.981 < 2E—16
FFP —4.96E—02 1.36E—03 —36.488 < 2E—16

Note; Multiple R-squared:0. 633 8, Adjusted R-squared; 0. 633 6,
F-statistic: 2 159 on 9 & 33 974 DF, P-value: < 2. 2E—16.
QSI model (3) extends the indexes of classic

(6] The P values of all indexes are less than

one
0. 05 and thus are prominent. The F-statistic of
the model is 2 159, far greater than 1.

In order to test the improved QSI model, we
select the OD markets between China and United
States,as shown in Table 2. The schematic dia-
gram of the prediction is shown in Fig. 1.

Table 2 Testing data

Flight frequency Route num-

OD market (direct or transfer) ber in OD
in OD market market
PEK-LAX 183 51
PEK-SFO 142 28
PEK-ORD 218 52
PVG-LAX 194 43
PVG-SFO 180 39
PVG-ORD 200 46
CAN-LAX 62 15
CAN-SFO 54 28
CAN-ORD 40 21
LAX-PEK 202 66
LAX-PVG 164 39
LAX-CAN 49 18
SFO-PEK 123 16
SFO-PVG 112 18
SFO-CAN 41 19
ORD-PEK 97 10
ORD-PVG 88 11
ORD-CAN 28 17
Total 2177 537
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Fig.1 Prediction of the improved QSI model for case
testing

The black bars in Fig. 1 are the true value of
the market share, and the dotted line is the pre-
dictive value obtained by using the QSI model
(3). From Fig. 1 we can see that the predictive
market shares match with the real ones well and
the model is effective.

Comparing the QSI model here with the ex-
isting ones, we extend the following process:
firstly, adding more indexes effective to the mod-
el, such as alliances and cooperation relations
(AllCo) , airport coordinate ability (AptCo), de-
gree of market competition (Competition) etc. ;
secondly, using large scale real data of interna-
tional airlines to fit QSI and obtaining the inde-
xes’ coefficients. Therefore, we obtain better
forecasting results than that with existing QSI
model.

We will use the QSI model improved in this
section to establish partner selection model in

next section.

2 Partner Selection Model

Network of an airline alliance has a structure
of multi-communities in which the network of any
member is a relatively independent community
and there is one or more international routes,
called “bridges”, between any two communities.

The model to be built should be able to sim-
plify the problem and focus on selection of after-
bridge carrier partners. In order to simplify the
model, we define object airlines as an airline com-
pany which operates a domestic community (i. e.
domestic network). It is also a member of an alli-
ance and is seeking cooperation partners.

Assuming that the object airlines operates

the domestic flight legs and bridge legs, and need
to choose after-bridge carriers as cooperation
partners. Partners can be members of the same
alliance or non-alliance airlines, and they are se-
lected to maximize the profit of object airlines.

(1) The parameters involved in the model are
as follows.

A: Set of airlines to be chosen as partners,
including alliance’s members and non-alliance air-
lines, i € A is any one in the set;

J: Set of flight paths for all ODs operated by
object airlines and all possible cooperation part-

ners, j € J is any one in the set;

OpenCost;,; : The cost of carrier ¢ operating
path 73
Fare;; : The average fares of carrier i on

path j;

Cost;,; : The flight cost per seat of object air-
lines on path j cooperating with partner 7;

FP. The flight frequency of object airlines;

Seat: Available seat of the aircraft type oper-
ated in international market by object airlines;

Load: The expected flight load ratio of object
airlines;

QSI.,; : The QSI value of carrier i on path j;

SaleNet; : The score of carrier ;’s sales net-
work for calculation of QSI;

TransferSV,; . The score of carrier :’s transit
service for calculation of QSI;

AptCo; : The score of carrier i’s airport co-
ordination for calculation of QSI;

FFP;: The score of carrier i’s frequent flyer
program for calculation of QSI;

Sw: The coefficient of sales network for cal-
culation of QSI;

Tw: The coefficient of transit service for cal-
culation of QSI;

Ayw: The coefficient of airport coordination
for calculation of QSI;

Fw: The coefficient of FFP for calculation of
QSI;

Demand;: The passenger demand in OD
market j;

TotalQSI;: The sum of all QSI values cur-
rently operating in OD market j.
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(2) Decision variables of the model are listed
as follows.

x;; : Equals 1 when path j is operated by
carrier i, otherwise 0;

Pax,; : The number of passengers on path j
operated by carrier 7;

NewQS]I,; : The QSI value of carrier i to be
optimized in path j, which is equal to the original
QSI value plus change of the value:

NewQSI,,; =QSI,,; + x;,; X (Sy X SaleNet, +
Tw X TransferSV. + Fy X FFP; +
Ay X AptCo,) D

The total profit of cooperation with all part-
ners equals the total operation revenue minus the
total operation cost. The difference between the
total profits before and after cooperation is the co-
ordination value. Since the pre-cooperation profits
are known, the objective function of model is
chosen to maximize the total profit after coopera-
tion.

The optimization model of partner selection

is as follows

max profit = Z Z Fare,; X Pax,; —

icA jel

D77 OpenCost,,; X x,.; —FQ X

i€A jel

Seat X 2 E Cost;,; X x,,; (5)
icA jel]

s. t. Pax, ;<<{Demand, X NerSL,,/ > NewQSI,
€A

iI€EA, j&] (6)
2 Pax;,; <<Demand X 2 (x; X NewQSL, ;) /
€A i€ A
TotalQSI; je] 7

xi,; X M = Pax; ;
Pax, ; <C Seat X FQ

Dlay =1

€A

Pax;,; >0 x;;,=0,1; 1€ A,j €] (1D

ieA,je] ®
ieAje] 9

jeJ 10

where objective Eq. (5) is the total profit to be
maximized. Constraint (6) requires the passenger
number transported by carrier i on j is not greater
than the forecast with QSI; constraint (7) en-
sures that the total number of passengers trans-
ported on j through cooperation is not greater
than that of the forecast result by QSI model;

constraint (8) is a logical condition between x; ;

and Pax, ; , that is, if route j is not operated by
carrier i, the number of passengers on route j
transported by carrier i is 0, where M is a positive
constant large enough to satisfy the logic rela-
tion; constraint (9) limits that the number of
passengers transported by any cooperation partner
is not greater than the available seat number pro-
vided by object airlines; constraint (10) ensures
that at least one partner for path j should be se-
lected.

If only one partner is needed for path j, the
constraint (6) is replaced

Zx,j =1

i€cA

VASI 1z

In general, object airlines often cooperate
with multiple partners on an OD pair.

Since the above model is a deterministic
mixed integer programming problem, it can be
solved by branch and bound method. We can also
use ILOG, AMPL, AIMMS and other optimiza-

tion software to solve this model.

3 Case Study

In this paper, we set an airline company of
China as object airlines, and obtained the actual
flight information data through survey on the air-
lines. KLM Royal Dutch Airlines (IATA. KL)
and Alitalia Airlines (IATA. AZ) were set as the
candidate partners within the alliance; British
Airways (IATA:. BA) as a possible non-alliance
partner. Amsterdam Airport (IATA. AMS),
Rotterdam Airport (IATA: RTM), Rome Fium-
icino Airport (IATA:. LMC), Iceland Airport
(TIATA: LIN), Venice Airport (IATA: VCE),
Lyon Airport (IATA:. LYS), and Paris Charles
de Gaulle Airport (IATA: CDG) were set as the
cooperation service points in Europe.

According to the survey data on object air-
lines, the cost per seat was about 0. 3—0. 7 yuan
/ km for the domestic airline network operated by
object airlines, as the flight distance was less than
2 000 km; the average aircraft seat number was
228; the monthly frequency was 62; and the aver-
age airline operation cost was about 10 million a

month based on the real data. According to the



-

No. 5

Zhao Xiaosong, et al. Airline Partner Selection Optimization Based on an Improved---

817

QSI method, we obtained the optimal weights of
sales network, frequent passenger program, tran-
sit service and airport coordination by the data
test. The flight data for cooperation partner se-
lection are shown in Table 3.

the

scores of the four attributes used in Eq. (4) were

In the last four columns of Table 3,

obtained with expert scoring method. An expert
survey was conducted through the international

affairs department of object airlines, requesting

their experts to set a score on the four attributes
of alliance’s members and non-alliance airlines.
The model established in Section 1 was used
to optimize cooperation partner selection with
AIMMS ((as seen in Fig. 2). The optimized results
are shown in Table 4. If the profit before cooper-
ation was 0, through the cooperation with the
partners selected by the model, the total profit
increment was coordination value which is 39. 34

million yuan.

Table 3 Flight information for cooperation partner selection

o Seat Number of QSI
Airline Airport  Price/yuan SaleNet  FFP  TransferSV AptCo
cost/yuan passengers value
BA 1 894 0.14 S 0 3 0
AMS 267 10 302
KL 2 205 0.17 5 8 10 6
BA 1 640 0.16 S 0 3 0
RTM 375 1 905
KL 1902 0.15 5 8 10 6
BA 3262 0. 05 5 0 3 0
FCO 722 6 812
AZ 2 985 0.10 5 8 10 6
BA 2 906 0.03 5 0 3 0
LIN 503 4 788
AZ 2 265 0.02 5 8 10 6
BA 2782 0.13 5 0 3 0
VCE 768 5722
AZ 3 680 0.12 5 8 10 6
BA 2533 0.03 S 0 3 0
LYS 344 3 867
AF 2 260 0. 04 5 8 10 6
BA 1 810 0.14 S 0 3 0
CDG 324 8 922
AF 1920 0.17 5 8 10 6
Fixed parameter Information about airport Each airline’ s index score
FQ 62.0 Demand|SeatCost|TotalQSI SaleNet | FFP |ActCo | TransferSV
Seat 228 AMS|[ 10302 267 0.31 KL | 5.00 (8.00| 10.0 6.00
Ay 0.029 FCO | 6812 722 0.15 AZ | 5.00 [8.00| 10.0 6.00
Fy -0.050 LIN | 4788| 503 0.05 BA | 5.00 3.00
Su =0.000 41 VCE | 5722 768 | 0.25 AF | 5.00 [8.00| 100 | 6.00
T 0.035 LYS | 3867 | 344 0.07
= : CDG| 8922 | 324 0.31
RTM | 1905]| 375 0.31
Parameters of each airline at each airport
AMS FCO LIN VCE LYS CDG RTM
Fare | QSI | Fare | QSI | Fare | QSI | Fare | QSI | Fare | QSI [Fare |QSI | Fare | QSI
%2205 0.17 29850 0.10 12 906| 0.02 |3 680| 0.12 1902(0.15 Optimize
BA|1894| 0.14 | 262/ 0.05 2265/ 0.03 27821 0.13 |, 5331 6 3 |1 810 [0.14 |1 840| 0.16
AF 2260( 0.04 |1 920 (0.17
Optimization results of each airline at each airport and revenue
AMS FCO LIN VCE LYS G RTM
x| Pax [NewQSI|x| Pax [NewQSI|x| Pax [NewQSI|x| Pax [NewQSI|x| Pax [NewQSI[x| Pax [NewQSI|x[ Pax [NewQSI
KL 119 888| 0.30 0.15
AZ 14 930| 0.11 0.02 (1[2907| 0.13
BA 0.14 0.05 (1]4631| 0.05 0.13 [1/3315| 0.06 0.14 11[1905| 0.48
AF 0.04 ]1[8922| 0.46
Revenue| 39 346 939

Fig. 2 AIMMS calculation

The results in Table 4 show that the alli-
ance’s members are still the most powerful part-

ners, but on some international route, non-alli-

interface of partner selection

ance partners can be used as a complement.
Table 4 implies that it is better for object air-

lines to cooperate with non-alliance partner, BA,
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in order to transport to airports LIN and LYS,
and the cooperation can bring more than 36 561
passengers a year.

We should state that in this case analysis we
did not put ticket price into QSI model, for we
cannot get real data about ticket price from air-
lines and also almost all the existing QSI models
did not include price index, although price is im-
portant for passengers’ choice. Instead we added
some indexes related to price, such as degree of
market competition(Competition) etc.

Table 4 Optimization results

Choose the partner

. . Number of
. . in this route QSI
Airline Airport a | passengers
or yes, value
Based SI
0 for No) (Based on QSD
BA 1 0. 14 0
AMS
KL 0 0. 30 9 888
BA 1 0.4 1 905
RTM 8 905
KL 0 0.15 0
BA FCO 1 0.19 4 960
AZ 1 0.11 0
BA 1 0.05 4631
LIN
AZ 0 0.02 0
BA 0 0.13 0
VCE
AZ 1 0.13 2970
BA 1 0.06 3315
) LYS
AF 0 0. 04 0
BA CDG 0 0.14 0
AF 0 0. 46 8 922

4 Conclusions

The following conclusions can be drawn from
the study in this paper.

(1) The proposed model can help domestic
airlines select partners better within and outside
their own alliance.

(2) Improved QSI model by introducing
more sound indexes based on the analysis of large
scale data is basically successful.

(3) On some occasions, cooperation with
non-alliance partner is effective for object airlines
in order to obtain more passengers and coordina-
tion value.

In order to make the proposed model more

practical, extra effort is needed to improve the re-

sults of expert survey so that more reasonable and
accurate scores of all the attributes in QSI model

could be obtained.
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