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Table 6 The unconstraining estimation results of fare classes on A! at Guiyang— Beijing itinerary
Y B | Y UP; > UR; >, US;
g g N URAL | S URB, | 7 Y Uusc, | Y USD;, g
{147} 61 61.000 0 0 0 0 0 0 0
Al {258} 27 27.000 0 0 0 0 0 0 0
{3 69} 1 1.000 0 0 0 0 0 0 0
{147} 14 29.159 5| 8.5009 0 8.5009 |-12.702 6| -10.957 8| -23.660 4
A} {258} 41 32.2667 | 8.7333 0 8.733 3 0 0 0
{369} 3 3 0 0 0 0 0 0
{147} 0 33.9397 | 27.3984 5.766 3 |33.1647 |-33.934 5| -33.169 9| -67.104 4
A} {258} 50 25.9715| 21.076 2 2.9523 [24.0285 0 0 0
{3 6 9} 4 4 0 0 0 0 0 0
{147} 0 11.3650 | 11.690 4 5.5275 | 17.2179 |-13.517 3| -15.065 6| -28.582 9
Al {258} 13 9.027 4 | 19.048 0 0.970 6 |20.018 6 {-10.3904| -5.6556 |-16.046 0
{369} 7 4.3333 2.666 7 0 2.666 7 0 0 0
{147} 0 2.888 7 2.6114 2.664 1 5.2755 | -4.609 8| -3.5544 | -8.164 2
Al {25 8} 0 4.300 9 6.672 4 1.0483 | 7.7207 | =9.736 7| -2.2849 |-12.021 6
{3 69} 7 2.1714 4.1429 0.6857 | 4.8286 0 0 0
| 50%
0 RR = SRl =0  BR, = PRl =  33.33%
1 1 1
100% ; A; 30% 22.22% RR, SR, PR,
1
PR, RR) BR,  SR; BR,

”»
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Table 7 B!, and I}, at the Guiyang— Beijing itinerary where the price changes on each A}

(Bi L)
l Al Al Al A} Al
1 C(15 1) | B(14 1) | B(0 0) B(0 0) B(0 0)
1 2 E(91) | E(121) | F(17 1) | F(0 0) F(0 0)
3 1(0 1) (1 1) (2 1) H(3 1) (2 1)
4 B(19 1) | €¢(0 0) C(0 0) C(0 0) €(0 0)
2 5 F(8 1) | F(151) | E(16 1) | E(13 1) | E(0 0)
6 H(1 1) H(1 1) H(1 1) (2 1) H(3 1)
7 A(271) | A(00) | A(00) | A(0OO) | A(00)
5 8 D(10 1) | D(14 1) | D(17 1) D(0 0) D(0 0)
9 G(O1) | G(11) | 6(11) | 6(21) | 6(21)
8 A, As “ 7 ( 1%)

Table 8 Average arrival rate of unconstrained primary demand on both A, and A5 with different market shares (%)

(p)
0.15 | 0.25 | 0.35 | 0.45 | 0.55 | 0.65 | 0.75 | 0.85

EM-RPL-O&D-M&S | 35.93 | 36.33 | 36.75 | 37.20 | 37.96 | 39.05 | 39.90 | 41.50
EM-RPL-O&D-M 45.79 | 46.07 | 46.38 | 46.64 | 47.21 | 48.03 | 48.50 | 49.68
EM-RPL-M&S 47.46 | 47.85 | 48.08 | 48.49 | 48.96 | 50.05 | 51.15 | 52.89
EM-RPL-M 64.94 1 65.07 | 65.09 | 65.15 | 65.25 | 65.69 | 65.97 | 66.82
EM-RPL-O&D-M&S | 32.58 | 33.00 | 33.45 | 33.77 | 34.39 | 35.06 | 35.38 | 36.04
EM-RPL-O&D-M 33.43 | 33.81 | 34.22 | 34.49 | 35.11 | 35.82 | 36.13 | 36.87
EM-RPL-M&S 37.69 | 37.94 | 38.03 | 38.18 | 38.39 | 38.91 | 39.24 | 39.83
EM-RPL-M 39.15 [ 39.46 | 39.52 | 39.68 | 39.92 [40.71 | 41.22 | 42.22
EM-RPL-O&D-M&S | 47.00 | 47.00 | 47.00 | 47.00 | 47.00 | 47.00 | 47.00 | 47.00
EM-RPL-O&D-M 48.67 | 48.67 | 48.67 | 48.67 | 48.67 | 48.67 | 48.67 | 48.67
EM-RPL-M&S 49.05 | 49.05 | 49.05 | 49.05 | 49.05 | 49.05 | 49.05 | 49.05
EM-RPL-M 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
EM-RPL-O&D-M&S | 35.73 | 36.11 | 36.51 | 36.93 | 37.65 | 38.68 | 39.46 | 40.97
EM-RPL-O&D-M 45.50 | 45.75 | 46.03 | 46.24 | 46.76 | 47.47 | 47.83 | 48.85
EM-RPL-M&S 48.08 | 48.44 | 48.63 | 48.97 | 49.38 | 50.39 | 51.36 | 53.01
EM-RPL-M 64.69 | 64.81 | 64.82 | 64.84 | 64.91 | 65.31 | 65.51 | 66.33
EM-RPL-O&D-M&S | 33.16 | 33.57 | 34.02 | 34.33 | 34.95 | 35.60 | 35.92 | 36.57
EM-RPL-O&D-M 34.25 1 34.62 | 35.03 | 35.29 | 35.90 | 36.59 | 36.88 | 37.60
EM-RPL-M&S 39.75139.98 | 40.05 | 40.18 | 40.36 | 40.85 | 41.13 | 41.69
EM-RPL-M 41.76 | 42.06 | 42.11 | 42.25 | 42.47 | 43.23 | 43.69 | 44.68
EM-RPL-O&D-M&S | 49.05 | 49.05 | 49.05 | 49.05 [ 49.05 | 49.05 | 49.05 | 49.05
EM-RPL-O&D-M 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
EM-RPL-M&S 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
EM-RPL-M 51.67 | 51.67 | 51.67 | 51.67 | 51.67 | 51.67 | 51.67 | 51.67
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A nonparametric discrete choice model for unconstrained demand estimation
in airline network

GUO Peng
School of Economics and Management Guiyang University Guiyang 550005 China

Abstract: Traditional unconstrained demand estimation methods in airline industry only address the spillover
and recapture problem of customer demand in parallel nonstop flights and fail to consider the substitution
effects in airline networks between direct and connecting flights. Based on the ranking list of customer prefer—
ences customer type set in airline network is defined. Meanwhile a network nonparametric discrete choice
model considering strategic customer behavior is developed. In light of the incompleteness of the historical
booking data in network environment from the perspective of online and offline trading platforms the com-
plete data log-ikelihood functions under the conditions of uncensored and censored demand are established re—
spectively. The EM algorithm is applied to jointly estimating customer arrival rate and the probability mass
function. After that the unconstrained estimation calculation methods of primary demand recapture demand
as well as spillover demand of customers in airline network are proposed. The feasibility and effectiveness of
the proposed methods are verified by numerical simulations. Compared with the existing methods our methods
can accurately reflect the impact of substitution effects in networks between products on customer choice behav—
ior and thereby more effectively avoid overestimating the primary demand of historical customers.

Key words: airline network; unconstrained demand estimation; substitution effects in network; nonparametric

discrete choice model;, EM algorithm



