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Emergency rescue allocation decision-making

based on three-sided matching theory
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(1 School of Transportation and Logistics, Southwest Jiaotong University, Chengdu Sichuan 611756, China;
2 Tangshan Institute, Southwest Jiaotong University, Tangshan Hebei 063000, China)

Abstract:  To address the issues of allocation of emergency rescuers, emergency rescue equipment, and
disaster locations in the early stage of emergency rescue under the background of large-scale geological
disasters, as well as improve the efficiency and quality of emergency rescue, an emergency rescue
allocation decision-making method was proposed based on the three-sided matching theory. Firstly, the
selection process among the three parties of emergency rescue was presented as a three-sided matching
issue. Then, the multi-attribute preference evaluation information of the matching three parties was
standardized, and a multi-attribute comprehensive preference score matrix was proposed. Furthermore, a
three-sided matching stable and satisfactory model in the early stage of emergency rescue was developed to
maximize system stability and total preference utility. Finally, the performance and accuracy of the
proposed model were validated against cases. The results indicated that the proposed model reached

reasonable matching between rescuers, emergency rescue equipment, and disaster locations in emergency
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rescue scenarios due to considering the effects of various parties ” preferences on resource allocation.

Furthermore, it can contribute to reducing the deployment time of emergency rescue operations and

improve emergency efficiency and quality.
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Tab.1 Preference value of rescuers” group for rescue equipment group
b, b,
Pt b, [ b, | b | b | b, | b | b | b | b | b | D
a, 3 4 5 7 4 4 4 1 6 4 3 5
a, 6 9 6 4 2 3 7 3 3 6 5 4
ay 5 7 4 5 6 5 9 7 4 3 8 8
a, 4 5 7 8 7 9 3 6 5 2 4 3
b, b,
D lasb) =4 D, D, D, D, D, D, D, D, D, D, | D,
a, 8 4 3 4 6 3 2 4 5 3 3 4
a, 4 6 7 3 4 6 6 3 9 5 2 7
as 6 8 2 5 9 5 7 6 4 7 8 2
a, 5 6 6 7 5 7 4 2 3 4 5 5
F2 HBEAREANZIRMSHNRTFE
Tab.2 Preference value of rescuers” group for disaster location
¢ ¢y C3
Elase) =5 E, E, E, E, E, E, E, E, E, E, E,
a, 3 9 5 4 4 4 7 5 3 4 5 7
a, 7 4 8 3 8 6 3 4 5 7 4 9
a, 4 5 6 5 6 6 5 3 6 3 8 8
a, 6 7 3 6 5 4 2 6 4 5 5 6
Cy Cs
Efase) 5 E, E, E, E, E, E, E,
a, 7 2 2 5 5 4 5 7
a, 4 7 8 3 4 9 4 5
a, 6 3 5 9 4 6 8 6
a, 4 5 3 4 8 6 4 3
*3 BMEBEEAMNZIRMSMNRTFE
Tab.3 Preference value of rescue equipment group for disaster location
F Ci Cy C3
Aba) F F, Fy F, Fs F F, Fy F, Fs F F, Fy F, Fs
b, 3 7 6 2 6 4 4 2 3 2 4 4 7 4 3
b, 4 6 2 3 7 8 3 7 5 5 8 6 3 6 9
by 8 2 3 7 2 5 7 6 6 8 4 7 8 3 4
b, 5 3 4 7 4 3 5 4 3 1 3 2 4 5 6
cy Cs
FI(b/Jl]L) Fl F2 F3 F4 FS Fl F2 F3 F4 FS
b, 6 8 4 5 5 6 3 8 4 2
b, 8 5 6 2 1 3 6 2 5 7
b, 4 7 4 7 2 8 7 6 7 1
b, 3 4 2 3 6 5 2 4 3 4
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Tab.4 Standardized preference value of rescuers” group for rescue equipment group

_ b, b,

D, Cainb)) D, D, D, D, D, D, D, D, D, D, D,
a, 0.167 | 1.000 | 0.667 | 1.000 | 0.333 | 0.500 | 0.333 | 0.000 | 1.000 | 0.250 | 0.000 | 0.000
a, 0.667 | 1.000 | 0.500 | 0.333 | 0.000 | 1.000 | 1.000 | 0.000 | 0.000 | 1.000 | 1.000 | 0.750
as 0.000 | 0.500 | 1.000 | 0.500 | 0.000 | 0.500 | 1.000 | 0.500 | 1.000 | 0.000 | 0.667 | 0.000
a, 0.500 | 0.750 | 1.000 | 1.000 | 1.000 | 0.000 | 0.000 | 1.000 | 0.500 | 0.000 | 0.000 1. 000

_ b, b,

D, (ai.by) D, D, D, D, D, D, D, D, D, D, D, D,
a, 1.000 | 1.000 | 0.000 | 0.250 | 1.000 | 1.000 | 0.000 | 1.000 | 0.667 | 0.000 | 0.000 | 0.500
a, 0.000 | 0.500 | 0.667 | 0.000 | 0.667 | 0.250 | 0.667 | 0.000 | 1.000 | 0.667 | 0.000 | 0.000
as 0.250 | 1.000 | 0.000 | 0.500 | 1.000 | 0.500 | 0.500 | 0.000 | 1.000 | 1.000 | 0.667 1. 000
a, 1.000 | 1.000 | 0.750 | 0.833 | 0.333 | 0.333 | 0.500 | 0.000 | 0.000 | 0.333 | 0.333 | 0.667

x5 HEAREXNZRMSERELRTE
Tab.5 Standardized preference value for disaster location for rescuers” group

— c [ C3

E,(aicp) E, E, E, E, E, E, E, E, E, E, E, E,
a, 1.000 | 0.000 | 0.400 | 1.000 | 0.750 | 0.714 | 0.000 | 0.667 | 1.000 | 0.714 | 0.400 | 0.000
a, 0.250 | 1.000 | 0.000 | 1.000 | 0.000 | 0.600 | 1.000 | 0.833 | 0.750 | 0.400 | 0.800 | 0.000
a, 1.000 | 0.333 | 0.667 | 0.667 | 0.000 | 0.000 | 1.000 | 1.000 | 0.000 | 1.000 | 0.000 | 0.167
a, 0.500 | 0.000 | 0.667 | 0.000 | 0.750 | 1.000 | 1.000 | 0.000 | 1.000 | 0.667 | 0.000 | 0.000

_ Cy Cs

E,(aser) 5 E, E, E, E, E, E, E,
a, 0.000 | 1.000 | 1.000 | 0.667 | 0.500 | 0.714 | 0.400 | 0.000
a, 1.000 | 0.400 | 0.000 | 1.000 | 1.000 | 0.000 | 0.800 | 0.667
a, 0.000 | 1.000 | 1.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.500
a, 1.000 | 0.667 | 0.667 | 0.667 | 0.000 | 0.333 | 0.333 | 1.000

F6 PIBREENZRMSHIRELRITE
Tab. 6 Standardized preference value of rescue equipment group for disaster location

_ c c, [eN

Fi(b.e0) F, F, F, F, F, F, F, F, F, F F, F, F,
b, 1.000 | 0.200 | 0.333 | 1.000 | 0.000 | 0.667 | 0.800 | 1.000 | 0.667 | 1.000 | 0.667 | 0.800 | 0.167

b, 0.800 | 0.000 | 1.000 | 0.750 | 0.250 | 0.000 | 1.000 | 0.000 | 0.250 | 0.500 | 0.000 | 0.000 | 0.800
b, 0.000 | 1.000 | 1.000 | 0.000 | 0.857 | 0.750 | 0.000 | 0.400 | 0.250 | 0.000 | 1.000 | 0.000 | 0.000
b, 0.000 | 0.667 | 0.000 | 0.000 | 0.400 | 1.000 | 0.000 | 0.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.000

— [N [ cs
Filb.c.) F, Fs F F, Fy F, Fs F, F, Fy K, Fs
b, 0.333 | 0.750 | 0.000 | 0.000 | 0.667 | 0.000 | 0.250 | 0.000 | 1.000 | 0.000 | 0.333 | 1.000

b, 0.000 | 0.000 | 0.000 | 0.333 | 0.200 | 1.000 | 1.000 | 1.000 | 0.000 | 1.000 | 0.250 | 0.250
by 1.000 | 0.571 | 1.000 | 0.000 | 0.800 | 0.000 | 0.857 | 0.000 | 0.000 | 0.400 | 0.000 | 1.000
b, 0.500 | 0.000 | 1.000 | 0.333 | 1.000 | 1.000 | 0.000 | 0.000 | 1.000 | 0.000 | 1.000 | 0O.400
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