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Fig. 1 Sensitive analysis of parameters from the perspective of uncertain relief-supply
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Table 3 Results with uncertain inventory of both North Railway Station of Chengdu and Shuangliu Airport consideration

F(x y) /h | 47.920 | 46.236 | 37.012 | 50.632 | 37.132 | 41.332 | 52.904 | 47.588 | 47.348 | 45.936 | 45.404
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Fig. 2 Results with uncertain relief-demand consideration
4 1 -

Table 4 Results with both uncertain rational and emotional demand of the first searchrescue area consideration

F(x y) /h 53.656 | 53.656 | 52.840 | 53.248 | 52.056 | 52.432 | 53.656 | 53.248 | 53.656 | 53.248 | 53.170

fxy) 0233502348 | 0.261 6 | 0.2423 | 03025 | 0.269 1 | 0.236 3 | 0.242 3 | 0.234 8 | 0.248 0 | 0.250 5
T /s 0.02 0.02 0.03 0.02 0.03 0.06 0.02 0.02 0.03 0.02 0.03
4 2.1%; 2)
13. 8%; 3) 100%.
5 52.056 t  0.302 5; 4.2.3
0.1 s. 1
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45
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Table 5 Results with uncertain travel time consideration

F(x y) /h 52.056 | 52.235 | 51.539 | 51.751 | 48.926 | 54.302 | 49.654 | 51.602 | 51.964 | 56.469 | 52.050

Axy) 0.2906 | 0.328'1 | 0.3397 | 0.2217 | 0.3107 | 0.247 8 | 0.324 1 | 0.287 7 | 0.286 6 | 0.302 4 | 0.293 9

T /s 0.8 14.7 1.3 0.6 0.2 0.1 33.0 46.4 20.1 75.6 19.3
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Table 6 Results with uncertain but identical risk acceptability consideration
1 2 3 4 5 6 7 8 9 10
F(x y) /h | 50.706 | 49.496 | 51.266 | 52.088 | 49.326 | 54.182 | 49.676 | 50.706 | 54.182 | 52.056 | 51.368
fxy) 0.2910 | 0.269 9 | 0.2879 | 0.2895 | 0.263 1 | 0.2720 | 0.270 5 | 0.291 0 | 0.272 0 | 0.290 6 | 0.279 8
T /s 0.2 0.0 0.2 0.3 1.2 2.0 7.1 0.8 3.6 0.2 1.6
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Table 7 Results based on uncertain acceptance level of risk with different values
1 2 3 4 5 6 7 8 9 10
F(x y) /h | 49.682 | 53.670 | 60.544 | 56.290 | 56.656 | 61.234 | 58.024 | 51.046 | 49.496 | 54.316 | 55.096
fxy) 0.276 5 | 0.3194 | 0.248 1 | 0.301 6 | 0.388 0 | 0.246 6 | 0.3153 | 0.297 7 | 0.269 9 | 0.378 9 | 0.304 2
T/s 24.0 16.3 6.9 2.0 1.5 0.2 0.1 0.5 0.1 0.1 5.2
6 RDPs  ASAs
51.368 t 0.279
8 1.6 s. 7
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Table 8 Results considering certain factors under different decision modes
leaderHollower /bidevel model leader /singledevel model follower /singledevel model
F(x y) /h Axy) T/ls | F(xy) /h | flxy) T/s | F(xy) /h | filxy) T/s
# 52.056 0.290 6 59.9 52.056 0.290 6 | 18.34 77.36 0.459 2 0.86
8
8 ' 2) leaderHollower
1 Al 1 -1 _
Fbi*level - Fleader < Fful[ower j bi—level leader
1 1 1 1 1
fleader <ffal[uwer T[Ji*level > Tleader > T/b[lmcer'
: . ;1 3) follower
1) leader<follower ' 4) 1
leader 2 24
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Table 9 Results considering uncertain factors under different decision modes
leaderHollower /bidevel model leader /singledevel model follower /single-evel model
F(xy) /h Axy) T /s F(xy) /h | filxy) T/s | F(xy) /h | flxy) T/s
1 48.558 0.3211 0.03 53.823 0.249 7 0.03 52.284 0.174 3 0.28
2 43.475 0.214 1 0.03 67.145 0.284 0 0.12 71.712 0.418 7 0.04
3 45.957 0.250 4 0.04 41.697 0.166 8 0.11 55.998 0.230 3 0.03
4 56.048 0.332'1 0.03 50.942 0.360 5 0.17 73.479 0.317 6 0.05
5 48.523 0.2519 0.04 55.377 0.270 3 0.05 52.588 0.281 8 0.03
6 56.629 0.273 8 0.04 52.324 0.371 2 0.03 69.282 0.393 3 0.03
7 61.230 0.302 6 0.04 61.795 0.440 5 0.04 67.143 0.318 4 0.07
8 64.706 0.395 5 0.06 41.023 0.237 4 0.05 46.620 0.318 6 0.02
9 52.346 0.315 4 9.03 49.373 0.252 1 0.04 60.599 0.342 6 0.08
10 68.540 0.485 5 0.03 57.904 0.3250 0.03 74.902 0.365 2 0.05
54.601 0.314 2 0.937 53.140 0.295 8 | 0.067 62.461 0.316 1 0.068
9 : . (
2 2 2 2 7~ 2 )
anllnwer > Fhi—leve] > Fleader ffol]ower > fbi—level > fleader ( )
2 2 2
T bi-level > T follower > T leader * (
1) )
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A bievel programming model for relief trans-regional scheduling: Taking
into consideration survivors’ perceived satisfaction and risk acceptability

CAO Ce<un'® LI Cong-dong®> QU Ting® YANG Qin’

1. School of Business Planning Chongqing Technology and Business University Chongqing 400067 China,
2. College of Management and Economics Tianjin University Tianjin 300072 China;

3. School of Intelligent Systems Science and Engineering Jinan University Zhuhai 519070 China;

4. School of Business Sichuan Normal University Chengdu 610101 China

Abstract. To decrease the suffering of survivors improve efficiency of disaster response and reduce various
losses a leader-follower optimization problem for trans—regional relief reactive scheduling is considered. A bi-
level integer programming model that characterizes uncertain relief-supply and demand varying travel time

equitable principle multidevel heterogeneity and risk acceptability of survivors vertical intergovernmental re—
lations of beneficiaries split demand multiple supply and demand points and multi-mode transportation is
formulated. The objectives are to minimize total weighted travel time at the upper level and maximize total
weighted survivors’ perceived satisfaction at the lower level. Then a primal-dual algorithm based on comple—
mentary slackness constraints is designed by analyzing the characteristics of this mathematical model. Finally

a case study from Wenchuan earthquake is presented to illustrate the proposed model and solution strategies.

Key words: relief trans-regional scheduling; survivors’ perceived satisfaction; risk acceptability; bidevel

programming model; primal-dual algorithm



