1. Code for Figure2
1.1 Inconsistent pricing strategy under the decentralized decision:

syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:9
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2  
theta=0.25+i*0.05

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
O=8*A*C*a*((r_2)^2)*(1+I)*(2*(a^2)-b^2)-A*(C^2)*((b*alpha-2*a*beta)^2)
t=(A*C*(2*(a^2)-b^2 )*(G-c*(1+I))*(b*alpha-2*a*beta)+2*A*C*a*(2*(a^2)-b^2)*(w-c*(1+I))*alpha+8*A*C*a*r_1*r_2*(1+I)*(2*(a^2)-b^2)+2*A*(C^2)*a*(b*alpha-2*a*beta)*(1-theta)*x+(C^2)*b*(b*alpha-2*a*beta)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I) +A*C*(b*alpha-2*a*beta)*(w-c*(1+I))*a*b)/O
p_o=(8*A*C*(a^2)*(r_2^2)*(1+I)*(1-theta)*x+4*C*a*b*(r_2^2)*(1+I)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)+4*A*a*(r_2^2)*(1+I)*(G-c*(1+I))*(b^2-2*(a^2))+4*A*(a^2)*b*(r_2^2)*(1+I)*(w-c*(1+I))+A*C*(G-c*(1+I))*(b*alpha-2*a*beta)^2+A*C*a*alpha*(w-c*(1+I))*(b*alpha-2*a*beta)+4*a*A*C*r_1*r_2*(1+I)*(b*alpha-2*a*beta))/O
p_f=(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)/(2*A*a)+(b*p_o)/(2*a)+(alpha*t)/(2*a)
D_f=theta*x-a*p_f+b*p_o+alpha*t
D_o=(1-theta)*x-a*p_o+b*p_f-beta*t
pi_f=(p_f*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I
pi_o=(p_o*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
    
        input(rr)=theta;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)


1.2 Inconsistent pricing strategy under the centralized decision:

syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:9
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2  
theta=0.25+i*0.05


E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon

t=(  (E*b+C*(1-theta)*x-(F+G)*a+(a-b)*c)*(-2*A*C*beta*a+(A+C)*A*alpha*b)+(A*theta*x-a*E+(a-b)*c+(F+G)*b)*(2*A*C*alpha*a-(A+C)*C*beta*b)+(4*A*C*(a^2)-(b^2)*((A+C)^2))*(E*alpha-alpha*c-(F+G-c)*beta+2*r_1*r_2)  ) / (  -2*A*C*a*(A*((alpha)^2)+C*((beta)^2))+2*(A+C)*A*C*alpha*beta*b+8*A*C*(a^2)*((r_2)^2)-2*((A+C)^2)*(b^2)*((r_2)^2)   )

p_o=( 2*A*a*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+(A+C)*b*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)    )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )

p_f=( (A+C)*b*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+2*C*a*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)     )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )


D_f=theta*x-a*p_f+b*p_o+alpha*t

D_o=(1-theta)*x-a*p_o+b*p_f-beta*t

Pi=(p_f*A+E-c)*D_f+(p_o*C+F+G-c)*D_o-(r_1-r_2*t)^2
    
    
        input(rr)=epsilon;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)



2. Code for Table 3 and Figure 3
2.1 Inconsistent pricing strategy under the decentralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
[bookmark: _Hlk100966409]for i=0:8
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2; theta=0.6  
beta=7+i*1

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
O=8*A*C*a*((r_2)^2)*(1+I)*(2*(a^2)-b^2)-A*(C^2)*((b*alpha-2*a*beta)^2)
t=(A*C*(2*(a^2)-b^2 )*(G-c*(1+I))*(b*alpha-2*a*beta)+2*A*C*a*(2*(a^2)-b^2)*(w-c*(1+I))*alpha+8*A*C*a*r_1*r_2*(1+I)*(2*(a^2)-b^2)+2*A*(C^2)*a*(b*alpha-2*a*beta)*(1-theta)*x+(C^2)*b*(b*alpha-2*a*beta)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I) +A*C*(b*alpha-2*a*beta)*(w-c*(1+I))*a*b)/O
p_o=(8*A*C*(a^2)*(r_2^2)*(1+I)*(1-theta)*x+4*C*a*b*(r_2^2)*(1+I)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)+4*A*a*(r_2^2)*(1+I)*(G-c*(1+I))*(b^2-2*(a^2))+4*A*(a^2)*b*(r_2^2)*(1+I)*(w-c*(1+I))+A*C*(G-c*(1+I))*(b*alpha-2*a*beta)^2+A*C*a*alpha*(w-c*(1+I))*(b*alpha-2*a*beta)+4*a*A*C*r_1*r_2*(1+I)*(b*alpha-2*a*beta))/O
p_f=(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)/(2*A*a)+(b*p_o)/(2*a)+(alpha*t)/(2*a)
D_f=theta*x-a*p_f+b*p_o+alpha*t
D_o=(1-theta)*x-a*p_o+b*p_f-beta*t
pi_f=(p_f*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I
pi_o=(p_o*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
    
        input(rr)=beta;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)

2.2 Inconsistent pricing strategy under the centralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:8
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2; theta=0.6  
beta=7+i*1


E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon

t=(  (E*b+C*(1-theta)*x-(F+G)*a+(a-b)*c)*(-2*A*C*beta*a+(A+C)*A*alpha*b)+(A*theta*x-a*E+(a-b)*c+(F+G)*b)*(2*A*C*alpha*a-(A+C)*C*beta*b)+(4*A*C*(a^2)-(b^2)*((A+C)^2))*(E*alpha-alpha*c-(F+G-c)*beta+2*r_1*r_2)  ) / (  -2*A*C*a*(A*((alpha)^2)+C*((beta)^2))+2*(A+C)*A*C*alpha*beta*b+8*A*C*(a^2)*((r_2)^2)-2*((A+C)^2)*(b^2)*((r_2)^2)   )

p_o=( 2*A*a*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+(A+C)*b*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)    )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )

p_f=( (A+C)*b*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+2*C*a*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)     )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )


D_f=theta*x-a*p_f+b*p_o+alpha*t

D_o=(1-theta)*x-a*p_o+b*p_f-beta*t

Pi=(p_f*A+E-c)*D_f+(p_o*C+F+G-c)*D_o-(r_1-r_2*t)^2
    
    
        input(rr)=beta;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)

3. Code for Table 4 
3.1 Inconsistent pricing strategy under the decentralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
[bookmark: _Hlk100966709]for i=0:4
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2; theta=0.6  
epsilon=0+i*0.1
sigma=0.4-epsilon

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
O=8*A*C*a*((r_2)^2)*(1+I)*(2*(a^2)-b^2)-A*(C^2)*((b*alpha-2*a*beta)^2)
t=(A*C*(2*(a^2)-b^2 )*(G-c*(1+I))*(b*alpha-2*a*beta)+2*A*C*a*(2*(a^2)-b^2)*(w-c*(1+I))*alpha+8*A*C*a*r_1*r_2*(1+I)*(2*(a^2)-b^2)+2*A*(C^2)*a*(b*alpha-2*a*beta)*(1-theta)*x+(C^2)*b*(b*alpha-2*a*beta)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I) +A*C*(b*alpha-2*a*beta)*(w-c*(1+I))*a*b)/O
p_o=(8*A*C*(a^2)*(r_2^2)*(1+I)*(1-theta)*x+4*C*a*b*(r_2^2)*(1+I)*(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)+4*A*a*(r_2^2)*(1+I)*(G-c*(1+I))*(b^2-2*(a^2))+4*A*(a^2)*b*(r_2^2)*(1+I)*(w-c*(1+I))+A*C*(G-c*(1+I))*(b*alpha-2*a*beta)^2+A*C*a*alpha*(w-c*(1+I))*(b*alpha-2*a*beta)+4*a*A*C*r_1*r_2*(1+I)*(b*alpha-2*a*beta))/O
p_f=(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)/(2*A*a)+(b*p_o)/(2*a)+(alpha*t)/(2*a)
D_f=theta*x-a*p_f+b*p_o+alpha*t
D_o=(1-theta)*x-a*p_o+b*p_f-beta*t
pi_f=(p_f*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I
pi_o=(p_o*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
    
        input(rr)=epsilon;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)



3.2 Inconsistent pricing strategy under the centralized decision:
[bookmark: _Hlk100966460]syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi;
input=[];
output=[];   
outputt=[];  
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:4
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=5000; c=140;alpha=4;s=120;I=0.03;c_p=10;l=80;w=280;beta=15;sigma=0.2;epsilon=0.2; theta=0.6  
epsilon=0+i*0.1
sigma=0.4-epsilon


E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon

t=(  (E*b+C*(1-theta)*x-(F+G)*a+(a-b)*c)*(-2*A*C*beta*a+(A+C)*A*alpha*b)+(A*theta*x-a*E+(a-b)*c+(F+G)*b)*(2*A*C*alpha*a-(A+C)*C*beta*b)+(4*A*C*(a^2)-(b^2)*((A+C)^2))*(E*alpha-alpha*c-(F+G-c)*beta+2*r_1*r_2)  ) / (  -2*A*C*a*(A*((alpha)^2)+C*((beta)^2))+2*(A+C)*A*C*alpha*beta*b+8*A*C*(a^2)*((r_2)^2)-2*((A+C)^2)*(b^2)*((r_2)^2)   )

p_o=( 2*A*a*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+(A+C)*b*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)    )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )

p_f=( (A+C)*b*(E*b+C*(1-theta)*x-C*beta*t-(F+G)*a+(a-b)*c)+2*C*a*(A*theta*x+A*alpha*t-a*E+(a-b)*c+(F+G)*b)     )/(  4*A*C*(a^2)-(b^2)*((A+C)^2)  )


D_f=theta*x-a*p_f+b*p_o+alpha*t

D_o=(1-theta)*x-a*p_o+b*p_f-beta*t

Pi=(p_f*A+E-c)*D_f+(p_o*C+F+G-c)*D_o-(r_1-r_2*t)^2
    
    
        input(rr)=epsilon;
        output(rr)=t;
        outputt(rr)=p_o;
        outputtt(rr)=p_f;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputt',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)

4. Code for Figure 4
syms a b r theta lambda sigma epsilon alpha beta I I j B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A t_1 p_o1 p_f1 D_f1 D_o1 Pi C E F G pi_f pi_o D_f D_o pi_c rr;
a=10; b=5; lambda=0.2; B=20000;beta=15; r_1=100;r_2=15; x=5000; c=140;alpha=4 ;s=120;I=0.03;c_p=10;w=280;l=80
output=[];   
outputt=[];
outputtt=[];
outputttt=[];
s1=[];
s2=[];
s3=[];
s4=[];
j1=[];
j2=[];
j3=[];
j4=[];
[theta epsilon]=meshgrid(0.25:0.05:0.7,0:0.05:0.4);
sigma=0.4-epsilon;
E=(s-c_p)*lambda;
F=(s-c_p-l)*epsilon;
A=1-lambda;
C=1-sigma-epsilon;
G=(s-c_p)*sigma+l*epsilon;
O=8*A*C*a*((r_2).^2)*(1+I)*(2*(a.^2)-b.^2)-A*(C.^2)*((b*alpha-2*a*beta).^2)
t=(A.*C.*(2.*(a.^2)-b.^2 ).*(G-c.*(1+I)).*(b.*alpha-2.*a*beta)+2.*A.*C.*a.*(2.*(a.^2)-b.^2)*(w-c.*(1+I)).*alpha+8.*A.*C.*a.*r_1.*r_2.*(1+I).*(2*(a.^2)-b.^2)+2.*A.*(C.^2).*a.*(b.*alpha-2.*a.*beta).*(1-theta).*x+(C.^2).*b.*(b.*alpha-2.*a.*beta).*(A.*theta.*x+w.*a-E.*a-a.*c.*I+b.*F+b.*c.*I) +A.*C.*(b.*alpha-2.*a.*beta).*(w-c.*(1+I)).*a.*b)./O;
p_o=(8.*A.*C.*(a.^2).*(r_2.^2).*(1+I).*(1-theta).*x+4.*C.*a.*b.*(r_2.^2).*(1+I).*(A.*theta.*x+w.*a-E.*a-a.*c.*I+b.*F+b.*c.*I)+4.*A.*a.*(r_2.^2).*(1+I).*(G-c.*(1+I)).*(b.^2-2.*(a.^2))+4.*A.*(a.^2).*b.*(r_2.^2).*(1+I).*(w-c.*(1+I))+A.*C.*(G-c.*(1+I)).*(b.*alpha-2.*a.*beta).^2+A.*C.*a.*alpha.*(w-c.*(1+I)).*(b.*alpha-2.*a.*beta)+4.*a.*A.*C.*r_1.*r_2.*(1+I).*(b.*alpha-2.*a.*beta))./O;
p_f=(A*theta*x+w*a-E*a-a*c*I+b*F+b*c*I)/(2*A*a)+(b*p_o)/(2*a)+(alpha*t)/(2*a);
D_f=theta*x-a*p_f+b*p_o+alpha*t;
D_o=(1-theta)*x-a*p_o+b*p_f-beta*t;
pi_f=(p_f.*A-w+E+c.*I).*D_f+(F+c.*I).*D_o+((r_1-r_2.*t).^2-B).*I;
pi_o=(p_o.*C-c.*(1+I)+G).*D_o+(w-c.*(1+I)).*D_f+B.*I-((r_1-r_2.*t).^2).*(1+I);
pi_c=pi_f+pi_o;
t_1=((E.*b+C.*(1-theta).*x-(F+G).*a+(a-b).*c).*(-2.*A.*C.*beta.*a+(A+C).*A.*alpha.*b)+(A.*theta.*x-a.*E+(a-b).*c+(F+G).*b).*(2.*A.*C*alpha.*a-(A+C).*C*beta.*b)+(4.*A.*C.*(a.^2)-(b.^2).*((A+C).^2)).*(E.*alpha-alpha.*c-(F+G-c).*beta+2.*r_1.*r_2)  ) ./ (  -2.*A.*C.*a.*(A.*((alpha).^2)+C.*((beta).^2))+2.*(A+C).*A.*C.*alpha.*beta.*b+8.*A.*C.*(a.^2).*((r_2).^2)-2.*((A+C).^2).*(b.^2).*((r_2).^2)   )
p_o1=( 2.*A.*a.*(E.*b+C.*(1-theta).*x-C.*beta.*t-(F+G).*a+(a-b).*c)+(A+C).*b.*(A.*theta.*x+A.*alpha.*t-a.*E+(a-b).*c+(F+G).*b)    )./(  4.*A.*C.*(a.^2)-(b.^2).*((A+C).^2)  )
p_f1=( (A+C).*b.*(E.*b+C.*(1-theta).*x-C.*beta.*t-(F+G).*a+(a-b).*c)+2.*C.*a.*(A.*theta.*x+A.*alpha.*t-a.*E+(a-b).*c+(F+G).*b)     )./(  4.*A.*C.*(a.^2)-(b.^2).*((A+C).^2)  )
D_f1=theta.*x-a.*p_f1+b.*p_o1+alpha.*t_1
D_o1=(1-theta).*x-a.*p_o1+b.*p_f1-beta.*t_1
Pi=(p_f1.*A+E-c).*D_f1+(p_o1.*C+F+G-c).*D_o1-(r_1-r_2.*t_1).^2
output=pi_o;
outputt=pi_f;
outputtt=pi_c;
outputttt=Pi;
j1=D_o;
j2=D_f;
j3=D_o+D_f;
surf(theta,epsilon,output)
colormap gray
hold on
mesh(theta,epsilon,outputt)
xlabel('\theta'),ylabel('\epsilon'),zlabel('Profit value');
legend('\pi_{o}^{d}','\pi_{f}^{d}')
hold off
mesh(theta,epsilon,outputtt)
colormap gray
hold on
surf(theta,epsilon,outputttt)
xlabel('\theta'),ylabel('\epsilon'),zlabel('Profit value');
legend('\pi_{c}','\Pi')
hold off
 





5. Code for Table 5

Coordination analysis under the inconsistent pricing strategy

syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 pi_fu pi_ou pi_c p_od p_fd p_oc p_fc tc td w  D_od D_oc D_fd D_fc O A C E F G pi_f pi_o D_f D_o pi_c u;


input=[];
output=[];   
outputt=[];  
outputtt=[];
rr=1;

for i=0:6

u=0.13+0.02*i


a=10; b=5; lambda=0.2; sigma=0.2; epsilon=0.2; I=0.03; B=20000;beta=15; alpha=4;r_1=100;r_2=15;x=5000;c=140; s=120;c_p=10;l=80;theta=0.55;w=280; tc=4.74; p_oc=323.38; p_fc=336.18; D_oc=376; D_fc=1274;td=4.65; p_od=320.49; p_fd=392.86; D_od=690; D_fd=692;

E=(s-c_p)*lambda

F=(s-c_p-l)*epsilon

A=1-lambda

C=1-sigma-epsilon

G=(s-c_p)*sigma+l*epsilon

O=8*A*C*a*((r_2)^2)*(1+I)*(2*(a^2)-b^2)-A*(C^2)*((b*alpha-2*a*beta)^2)

pi_fu=(p_fc*A-w+E+c*I)*D_fc+(F+c*I)*D_oc+((r_1-r_2*tc)^2-B)*I+u*(p_oc*C-c*(1+I)+G)*D_oc+u*(w-c*(1+I))*D_fc+u*B*I-u*((r_1-r_2*tc)^2)*(1+I)

pi_ou=(1-u)*(p_oc*C-c*(1+I)+G)*D_oc+(1-u)*(w-c*(1+I))*D_fc+(1-u)*B*I-(1-u)*((r_1-r_2*tc)^2)*(1+I)

pi_c=pi_fu+pi_ou


input(rr)=u;
        output(rr)=pi_fu;
        outputt(rr)=pi_ou;
        outputtt(rr)=pi_c;

rr=rr+1;

end

various={'input','output','outputt','outputtt'}
result_table=table(input',output',outputt',outputtt','VariableNames',various)


6. Code for Figure 5
6.1 Consistent pricing strategy under the decentralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr p;
input=[];
output=[];   
outputt=[];  
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
[bookmark: _Hlk100957668]for i=0:13
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
theta=0.32+i*0.02

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
t= ( A* C*alpha*(1-theta)*x +2*A*(a-b)*beta*c*(1+I)-A*(a-b)*(alpha+2*beta)*G +A*(a-b)*alpha*w+4*A*r_1*r_2*(a-b)*(1+I) -C*(alpha+beta)*(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))   ) / (A*C*(alpha+2*beta)*alpha+4*A*((r_2)^2 )*(1+I)*(a-b) )

p=(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))/(2*A*(a-b))+(alpha*t)/(2*(a-b))



D_f=theta*x-(a-b)*p+alpha*t

D_o=(1-theta)*x-(a-b)*p-beta*t

pi_f=(p*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I

pi_o=(p*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
    
        input(rr)=theta;
        output(rr)=t;
        outputt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)

6.2 Consistent pricing strategy under the centralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi p;
input=[];
output=[];   
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:13
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
theta=0.32+i*0.02
E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
t= (  2*(A+C)*(a-b)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+(A*alpha-C*beta)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )
p=(  (A*alpha-C*beta)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+2*((r_2)^2)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )
D_f=theta*x-(a-b)*p+alpha*t
D_o=(1-theta)*x-(a-b)*p-beta*t
Pi=(p*A+E-c)*D_f+(p*C+F+G-c)*D_o-(r_1-r_2*t)^2    
    
        input(rr)=theta;
        output(rr)=t;
        outputtt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)


7. Code for Table 6 and Figure 6
7.1 Consistent pricing strategy under the decentralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr p;
input=[];
output=[];   
outputt=[];  
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
[bookmark: _Hlk100967367]for i=0:9
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
beta=6+i*1
E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
t= ( A* C*alpha*(1-theta)*x +2*A*(a-b)*beta*c*(1+I)-A*(a-b)*(alpha+2*beta)*G +A*(a-b)*alpha*w+4*A*r_1*r_2*(a-b)*(1+I) -C*(alpha+beta)*(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))   ) / (A*C*(alpha+2*beta)*alpha+4*A*((r_2)^2 )*(1+I)*(a-b) )
p=(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))/(2*A*(a-b))+(alpha*t)/(2*(a-b))
D_f=theta*x-(a-b)*p+alpha*t
D_o=(1-theta)*x-(a-b)*p-beta*t
pi_f=(p*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I
pi_o=(p*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
        input(rr)=beta;
        output(rr)=t;
        outputt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)

7.2 Consistent pricing strategy under the centralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi p;
input=[];
output=[];   
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:9
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
beta=6+i*1

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon

t= (  2*(A+C)*(a-b)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+(A*alpha-C*beta)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )

p=(  (A*alpha-C*beta)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+2*((r_2)^2)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )


D_f=theta*x-(a-b)*p+alpha*t

D_o=(1-theta)*x-(a-b)*p-beta*t

Pi=(p*A+E-c)*D_f+(p*C+F+G-c)*D_o-(r_1-r_2*t)^2    
    
        input(rr)=beta;
        output(rr)=t;
        outputtt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)

8. Code for Table 7 
8.1 Consistent pricing strategy under the decentralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr p;
input=[];
output=[];   
outputt=[];  
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
[bookmark: _Hlk100967576]for i=0:4
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
epsilon=i*0.1
sigma=0.4-epsilon

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
t= ( A* C*alpha*(1-theta)*x +2*A*(a-b)*beta*c*(1+I)-A*(a-b)*(alpha+2*beta)*G +A*(a-b)*alpha*w+4*A*r_1*r_2*(a-b)*(1+I) -C*(alpha+beta)*(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))   ) / (A*C*(alpha+2*beta)*alpha+4*A*((r_2)^2 )*(1+I)*(a-b) )

p=(A*theta*x+w*(a-b)-(E+F)*(a-b)-2*c*I*(a-b))/(2*A*(a-b))+(alpha*t)/(2*(a-b))

D_f=theta*x-(a-b)*p+alpha*t
D_o=(1-theta)*x-(a-b)*p-beta*t
pi_f=(p*A-w+E+c*I)*D_f+(F+c*I)*D_o+((r_1-r_2*t)^2-B)*I
pi_o=(p*C-c*(1+I)+G)*D_o+(w-c*(1+I))*D_f+B*I-((r_1-r_2*t)^2)*(1+I)
pi_c=pi_f+pi_o
    
        input(rr)=epsilon;
        output(rr)=t;
        outputt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttt(rr)=pi_o;
        outputtttttt(rr)=pi_f;
        outputttttttt(rr)=pi_c;
       
        rr=rr+1;
  
end
various={'input','output','outputt','outputttt','outputtttt','outputttttt','outputtttttt','outputttttttt'}
result_table=table(input',output',outputt',outputttt',outputtttt',outputttttt',outputtttttt',outputttttttt','VariableNames',various)

8.2 Consistent pricing strategy under the centralized decision:
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr Pi p;
input=[];
output=[];   
outputtt=[];
outputttt=[];
outputtttt=[]; 
outputttttt=[]; 
outputtttttt=[];
outputttttttt=[]; 
rr=1;
for i=0:4
a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;
epsilon=i*0.1
sigma=0.4-epsilon

E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon

t= (  2*(A+C)*(a-b)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+(A*alpha-C*beta)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )

p=(  (A*alpha-C*beta)*(alpha*(E-c)-beta*(F+G-c)+2*r_1*r_2)+2*((r_2)^2)*(A*theta*x+C*(1-theta)*x-(E+F+G-2*c)*(a-b))  )/ (  4*((r_2)^2)*(A+C)*(a-b)-(A*alpha-C*beta)^2  )


D_f=theta*x-(a-b)*p+alpha*t

D_o=(1-theta)*x-(a-b)*p-beta*t

Pi=(p*A+E-c)*D_f+(p*C+F+G-c)*D_o-(r_1-r_2*t)^2    
    
        input(rr)=epsilon;
        output(rr)=t;
        outputtt(rr)=p;
        outputttt(rr)=D_o;
        outputtttt(rr)=D_f;
        outputttttttt(rr)=Pi;
       
        rr=rr+1;
  
end
various={'input','output','outputtt','outputttt','outputtttt' ,'outputttttttt'}
result_table=table(input',output',outputtt',outputttt',outputtttt',outputttttttt','VariableNames',various)

9. Code for Figure 7 
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t_1 p_1 D_o1 D_f1 Pi  t r_1 r_2 l v6 v7 p_o p_f w  D_o D_f O A C E F G pi_f pi_o D_f D_o pi_c rr p;
input=[];
output=[];   
outputt=[];  
outputttt=[];
s1=[];
s2=[];
s3=[];
s4=[];
s5=[];
a=10; b=5; lambda=0.2; B=20000;beta=15; r_1=100;r_2=15; x=6500; c=170; s=120;alpha=4;I=0.03;
c_p=10;w=300;l=80;
   
[theta epsilon]=meshgrid(0.32:0.02:0.58,0:0.05:0.4);
sigma=0.4-epsilon;
E=(s-c_p)*lambda
F=(s-c_p-l)*epsilon
A=1-lambda
C=1-sigma-epsilon
G=(s-c_p)*sigma+l*epsilon
t= ( A.* C.*alpha.*(1-theta).*x +2.*A.*(a-b).*beta.*c.*(1+I)-A.*(a-b).*(alpha+2.*beta).*G +A.*(a-b).*alpha.*w+4.*A.*r_1.*r_2.*(a-b).*(1+I) -C.*(alpha+beta).*(A*theta.*x+w.*(a-b)-(E+F).*(a-b)-2.*c.*I.*(a-b))   ) ./ (A.*C.*(alpha+2.*beta).*alpha+4.*A.*((r_2).^2 ).*(1+I).*(a-b) )
p=(A.*theta.*x+w.*(a-b)-(E+F).*(a-b)-2.*c.*I.*(a-b))/(2.*A.*(a-b))+(alpha.*t)/(2.*(a-b))
D_f=theta.*x-(a-b).*p+alpha.*t
D_o=(1-theta).*x-(a-b).*p-beta.*t
pi_f=(p.*A-w+E+c.*I).*D_f+(F+c.*I).*D_o+((r_1-r_2.*t).^2-B).*I
pi_o=(p.*C-c.*(1+I)+G).*D_o+(w-c.*(1+I)).*D_f+B.*I-((r_1-r_2.*t).^2).*(1+I)
pi_c=pi_f+pi_o
t_1= (2.*(A+C).*(a-b).*(alpha.*(E-c)-beta.*(F+G-c)+2.*r_1.*r_2)+(A.*alpha-C.*beta).*(A.*theta.*x+C.*(1-theta).*x-(E+F+G-2.*c).*(a-b))  )./ (  4.*((r_2)^2).*(A+C).*(a-b)-(A.*alpha-C.*beta).^2  )
p_1=(  (A.*alpha-C.*beta).*(alpha.*(E-c)-beta.*(F+G-c)+2.*r_1.*r_2)+2.*((r_2).^2).*(A*theta.*x+C.*(1-theta).*x-(E+F+G-2.*c).*(a-b))  )./ (  4.*((r_2).^2).*(A+C).*(a-b)-(A.*alpha-C.*beta).^2  )
D_f1=theta.*x-(a-b).*p_1+alpha.*t_1
D_o1=(1-theta).*x-(a-b).*p_1-beta.*t_1
Pi=(p_1.*A+E-c).*D_f1+(p_1.*C+F+G-c).*D_o1-(r_1-r_2.*t_1).^2
output=pi_o;
outputt=pi_f;
outputtt=pi_c
outputttt=Pi
s1=t;
s2=p;
s3=D_o;
s4=D_f;
s5=D_o+D_f
surf(theta,epsilon,output)
colormap gray
hold on
mesh(theta,epsilon,outputt)
xlabel('\theta'),ylabel('\epsilon'),zlabel('Profit value');
legend('\pi_{o1}^{d}','\pi_{f1}^{d}')
hold off
mesh(theta,epsilon,outputtt)
colormap gray
hold on
surf(theta,epsilon,outputttt)
xlabel('\theta'),ylabel('\epsilon'),zlabel('Profit value');
legend('\pi_{c1}','\Pi_1')
hold off

10. Code for Table 8
syms a b r theta lambda sigma epsilon alpha beta I i B  x I c c_p s t r_1 r_2 l v6 v7 pi_fu pi_ou pi_c p_od p_fd p_oc p_fc tc td w  D_od D_oc D_fd D_fc O A C E F G pi_f pi_o D_f D_o pi_c u;


input=[];
output=[];   
outputt=[];  
outputtt=[];
rr=1;

for i=0:8

u=0.16+0.03*i

a=10; b=5; lambda=0.2; B=20000; r_1=100;r_2=15; x=6500; c=170; s=120; alpha=4;beta=15;c_p=10;w=300;l=80;theta=0.56;I=0.03;epsilon=0.2;sigma=0.2;td=0.73;tc=4.05;pd=527.92;pc=426.75;D_od=210;D_fd=1003;D_oc=665;D_fc=1523

E=(s-c_p)*lambda

F=(s-c_p-l)*epsilon

A=1-lambda

C=1-sigma-epsilon

G=(s-c_p)*sigma+l*epsilon

pi_fu=(pc*A-w+E+c*I)*D_fc+(F+c*I)*D_oc+((r_1-r_2*tc)^2-B)*I+u*(pc*C-c*(1+I)+G)*D_oc+u*(w-c*(1+I))*D_fc+u*B*I-u*((r_1-r_2*tc)^2)*(1+I)

pi_ou= (1-u)*(pc*C-c*(1+I)+G)*D_oc+(1-u)*(w-c*(1+I))*D_fc+(1-u)*B*I-(1-u)*((r_1-r_2*tc)^2)*(1+I)

pi_c=pi_fu+pi_ou

input(rr)=u;
        output(rr)=pi_fu;
        outputt(rr)=pi_ou;
        outputtt(rr)=pi_c;

rr=rr+1;

end

various={'input','output','outputt','outputtt'}
result_table=table(input',output',outputt',outputtt','VariableNames',various)
 

