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𝑀𝑖𝑛 𝐶𝐵 = [1 − (1 − 𝛽𝑣𝐸𝑒𝑖+1)𝛹]𝐿 + 𝑒𝑖 +
∑ 𝛼𝛽𝛾𝐿(𝑣𝐸𝑒𝑖+1 − 𝑣𝐸𝑒𝑗+1)𝑛

𝑗=1,𝑗≠𝑖                              (13) 

𝜕𝐶𝐵

𝜕𝑒𝑖
= 𝛽𝐿𝐸𝛹𝑣𝐸𝑒𝑖+1𝑙𝑛𝑣 + 1 + (𝑛 − 1) 𝛼𝛽𝛾𝐿𝐸𝑣𝐸𝑒𝑖+1𝑙𝑛𝑣                                            

(14) 

𝜕2𝐶𝐵

𝜕𝑒𝑖
2 = [𝛹 + (𝑛 − 1)𝛼𝛾]𝛽𝐸2𝐿𝑣𝐸𝑒𝑖+1(𝑙𝑛𝑣)2         (15) 

∂2CB

∂ei
2 ≥ 0

CB
∂CB

∂ei
= 0

e3
∗

e3
∗

𝑒3
∗ =

−𝑙𝑛[−𝛽𝐿𝐸𝑣(𝛹+𝑛𝛼𝛾−𝛼𝛾)𝑙𝑛𝑣]

𝐸𝑙𝑛𝑣
                 (16) 

e3
∗ e1

∗

e3
∗ > e1

∗

pi = pj CB

Cj

L > −
1

βEΨvEei+1lnv
∂CB

∂ei
< 0 CB(e3

∗ ) < Cj(e1
∗)

 

L >

−
1

βEΨvEei+1lnv

i j

i j 

i

γL

CB(e3
∗ ) Cj(e1

∗)

𝜕𝑒3
∗

𝜕𝛾
= −

(𝑛−1)𝛼

𝐸𝑙𝑛𝑣[𝛹+(𝑛−1)𝛼𝛾]
∂e3

∗

∂γ
> 0

 

δ ∈ [0,1]

j 

j δ ∑ ek
n
k=1,k≠j

Cg j

𝑀𝑖𝑛 𝐶𝑔 = [1 − (1 − 𝑝𝑗) ∏ (1 − 𝛼𝑘−1𝑝𝑘)𝑛
𝑘=1,𝑘≠𝑗 ]𝐿 + 𝑒𝑗                                              

(18) 



1042 Tob Regul Sci.™ 2021;7(5): 1036-1048 

Γ = ∏ (1 − αk−1pk)n
k=1,k≠j , 

𝑀𝑖𝑛 𝐶𝑔 = [1 − (1 − 𝛽𝑣𝐸(𝑒𝑗+𝛿 ∑ 𝑒𝑘
𝑛
𝑘=1,𝑘≠𝑗 )+1) 𝛤] 𝐿 + 𝑒𝑗                                                   

(19) 

e4
∗ e1

∗

 e2
∗

e1
∗ > 𝑒4

∗ > e2
∗

L > −
1

p′′Γ

∂Cg

∂ej
< 0

Cg(e4
∗ )

Cj(e1
∗)

 

L > −
1

p′′Γ

e4
∗

e1
∗

e2
∗

Cg Cj

δ > −𝐸𝛤𝑙𝑛𝑣

e4
∗

α
∂e4

∗

∂α
> 0

δ > −𝐸𝛤𝑙𝑛𝑣

e4
∗

δ 
∂e4

∗

∂δ
< 0 

δ = 0
e4

∗ = e1
∗

δ = 1 e4
∗ = e2

∗



1043 Tob Regul Sci.™ 2021;7(5): 1036-1048 

n β 

α 

γ δ 

n = 3
n = 4

L = 400 v = 0.5 E = 0.1

n = 3 α

β 

 α β

α β
[0.1, 0.9] β α 

[0.1, 0.9]
 

𝛃 𝐞𝟏
∗

 
 

𝛂 𝐞𝟏
∗

 

β
e1

∗

α e1
∗

n = 4
α 

β 

 

𝛂 𝛃 𝐞𝟏
∗
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 𝛼 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0.1 4.6548 14.6548 20.5044 24.6548 27.8741 30.5044 32.7283 34.6548 36.3540 

0.2 4.5860 14.5860 20.4356 24.5860 27.8052 30.4356 32.6595 34.5860 36.2852 

0.3 4.5055 14.5055 20.3551 24.5055 27.7248 30.3551 32.5791 34.5055 36.2048 

0.4 4.4130 14.4130 20.2626 24.4130 27.6323 30.2626 32.4866 34.4130 36.1123 

0.5 4.3078 14.3078 20.1575 24.3078 27.5271 30.1575 32.3814 34.3078 36.0071 

0.6 4.1894 14.1894 20.0390 24.1894 27.4086 30.0390 32.2629 34.1894 35.8886 

0.7 4.0567 14.0567 19.9063 24.0567 27.2760 29.9063 32.1303 34.0567 35.7560 

0.8 3.9089 13.9089 19.7585 23.9089 27.1282 29.7585 31.9825 33.9089 35.6082 

0.9 3.7447 13.7447 19.5944 23.7447 26.9640 29.5944 31.8183 33.7447 35.4440 

 



1044 Tob Regul Sci.™ 2021;7(5): 1036-1048 

𝛂 𝛃
𝛽 

 𝛼 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0.1 20.6745 30.6745 36.5241 40.6745 43.8938 46.5241 48.7481 50.6745 52.3738 

0.2 22.5016 32.5016 38.3512 42.5016 45.7209 48.3512 50.5752 52.5016 54.2009 

0.3 24.6258 34.6258 40.4754 44.6258 47.8450 50.4754 52.6993 54.6258 56.3250 

0.4 27.0537 37.0537 42.9033 47.0537 50.2730 52.9033 55.1273 57.0537 58.7530 

0.5 29.7939 39.7939 45.6435 49.7939 53.0132 55.6435 57.8674 59.7939 61.4931 

0.6 32.8566 42.8566 48.7062 52.8566 56.0759 58.7062 60.9302 62.8566 64.5559 

0.7 36.2545 46.2545 52.1041 56.2545 59.4737 62.1041 64.3280 66.2545 67.9537 

0.8 40.0026 50.0026 55.8522 60.0026 63.2219 65.8522 68.0762 70.0026 71.7019 

0.9 44.1193 54.1193 59.9690 64.1193 67.3386 69.9690 72.1929 74.1193 75.8186 

n
e1

∗

n
e1

∗

 

𝐧 = 𝟒

𝛼 Resource Allocation 𝑒1
∗ Expected Loss 

0.1 4.6542 20.6885 

0.2 4.5817 22.6138 

0.3 4.4910 25.0069 

0.4 4.3782 27.9642 

0.5 4.2385 31.5893 

0.6 4.0668 35.9963 

0.7 3.8568 41.3140 

0.8 3.6006 47.6927 

0.9 3.2882 55.3142 
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∗

 

 

Table 4 

Impacts of α and β on the volume e2
∗of resource allocation under full cooperation 

𝛽 

 𝛼 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0.1 1.5470 4.8662 6.8043 8.1771 9.2404 10.1080 10.8406 11.4745 12.0329 

0.2 1.5186 4.8210 6.7446 8.1045 9.1558 10.0121 10.7338 11.3573 11.9057 

0.3 1.4857 4.7681 6.6747 8.0191 9.0559 9.8985 10.6071 11.2178 11.7538 

0.4 1.4481 4.7074 6.5941 7.9203 8.9399 9.7660 10.4587 11.0540 11.5748 

0.5 1.4056 4.6386 6.5022 7.8070 8.8064 9.6129 10.2865 10.8630 11.3654 

0.6 1.3582 4.5612 6.3982 7.6782 8.6537 9.4369 10.0876 10.6413 11.1209 

0.7 1.3057 4.4747 6.2813 7.5324 8.4797 9.2351 9.8580 10.3837 10.8349 

0.8 1.2478 4.3786 6.1503 7.3677 8.2816 9.0034 9.5922 10.0829 10.4982 

0.9 1.1843 4.2722 6.0038 7.1817 8.0557 8.7365 9.2826 9.7288 10.0968 

 
 
 

Table 5 

Impacts of α and β on the expected loss under full cooperation 

𝛽 

 𝛼 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0.1 24.4941 46.0607 61.5813 74.3402 85.4518 95.4444 104.6155 113.1509 121.1759 

0.2 26.6774 49.4661 65.9768 79.5924 91.4686 102.1565 111.9674 121.0966 129.6763 

0.3 29.1983 53.3993 71.0549 85.6616 98.4228 109.9154 120.4669 130.2837 139.5055 

0.4 32.0565 57.8596 76.8146 92.5462 106.3120 118.7181 130.1104 140.7074 150.6580 

0.5 35.2522 62.8480 83.2572 100.2482 115.1388 128.5680 140.9018 152.3727 163.1393 

0.6 38.7865 68.3668 90.3869 108.7738 124.9117 139.4760 152.8548 165.2960 176.9689 

0.7 42.6610 74.4201 98.2111 118.1341 135.6464 151.4625 165.9953 179.5091 192.1852 

0.8 46.8778 81.0141 106.7409 128.3465 147.3671 164.5603 180.3655 195.0653 208.8537 

0.9 51.4402 88.1571 115.9919 139.4355 160.1099 178.8188 196.0314 212.0498 227.0832 
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 Resource Allocation  Expected Loss 

 1.1596 25.0468 

 1.1366 27.3955 

 1.1081 30.2888 

 1.0729 33.8241 

 1.0299 38.0970 

 0.9778 43.2017 

 0.9152 49.2306 

 0.8406 56.2745 

 0.7523 64.4233 

 Resource Allocation  Expected Loss 

 4.9427 20.6470 

 5.2250 20.6261 

 5.5018 20.6112 

 5.7733 20.6020 

 6.0398 20.5980 

 6.3015 20.5988 

 6.5584 20.6042 

 6.8109 20.6137 

 7.0589 20.6272 

 

 

As  and , the sharing rate of information 

between cities is set to be 0.1~0.9, with an increase ampli-

tude of 0.1, to analyze effects of on resource allocation. 

The volume of resource allocation and the expected loss are 

demonstrated in Table 8.  

 Resource Allocation  Expected Loss 

 3.5959 14.0812 

 2.9181 14.9861 

 2.4551 15.7392 

 2.1187 16.3621 

 1.8634 16.8809 

 1.6629 17.3174 

 1.5013 17.6887 

 1.3684 18.0078 

 1.2571 18.2847 
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