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 (PS2_F_eff.gms) 

...
7 * Definition of Set
8 Set     i       type of supplier        /eff/;
9 * Definition of Parameters

10 Parameter
11         theta(i)        efficiency      /eff    0.2/;
12 * Definition of Primal/Dual Variables
13 Positive Variable
14         x(i)            quality
15         b(i)            maker's revenue
16         c(i)            cost;
17 Variable
18         Util            maker's utility;
19 Equation
20         obj             maker's utility function
21         rev(i)          maker's revenue function
22         pc(i)           participation constraint;
23 * Specification of Equations
24 obj..   Util =e= sum(i, (b(i)-c(i)));
25 rev(i)..b(i) =e= x(i)**(0.5);
26 pc(i).. c(i)-theta(i)*x(i) =e= 0;
27
28 * Setting Lower Bounds on Variables to Avoid Division by Zero
29 x.lo(i)=0.0001;;
30
31 * Defining and Solving the Model
32 Model FB1 /all/;
33 Solve FB1 maximizing Util using NLP;
34
35 Parameter
36                 db(i)   derivative of b
37                 w(i)    price
38 ;
39 db(i)   =0.5*x.l(i)**(-0.5);
40 w(i)    =c.l(i);
41
42 Display x.l, b.l, c.l, util.l, db, w;
43 * End of Model

 
i eff,inf i eff

8 i Set

eff
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i
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19–22

GAMS 4 obj
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24–26 24
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0.5
i ib x x GAMS =e= * **
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1
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NLP) Util 7
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b(i) x(i) x.l(i) 1 x(i)
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=e= = 8 42

Display

GAMS *

GAMS
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GAMS
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7 GAMS

8
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9 GAMS GAMS IDE (2004, 3 C)
Brooke et al. (2012), McCarl (2011)
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 (PS2_eff.lst) 

...
11 7  * Definition of Set
12 8  Set     i       type of supplier        /eff/;
13 9  * Definition of Parameters
14 10  Parameter
15 11          theta(i)        efficiency      /eff    0.2/;
16 12  * Definition of Primal/Dual Variables
17 13  Positive Variable
18 14          x(i)            quality

...
74                S O L V E      S U M M A R Y
75
76      MODEL   FB1                 OBJECTIVE  Util
77      TYPE    NLP                 DIRECTION  MAXIMIZE
78      SOLVER  CONOPT              FROM LINE  33
79
80 **** SOLVER STATUS     1 NORMAL COMPLETION         
81 **** MODEL STATUS      2 LOCALLY OPTIMAL           
82 **** OBJECTIVE VALUE                1.2500

...
102 ** Optimal solution. Reduced gradient less than tolerance.

...
115                        LOWER     LEVEL     UPPER    MARGINAL
116
117 ---- EQU obj             .         .         .        1.000      
118
119 obj  maker's utility function
120
121 ---- EQU rev  maker's revenue function
122
123        LOWER     LEVEL     UPPER    MARGINAL
124
125 eff      .         .         .        1.000      
126
127 ---- EQU pc  participation constraint
128
129        LOWER     LEVEL     UPPER    MARGINAL
130
131 eff      .         .         .       -1.000      
132
133 ---- VAR x  quality
134
135        LOWER     LEVEL     UPPER    MARGINAL
136
137 eff 1.0000E-7     6.250     +INF       EPS       
138
139 ---- VAR b  maker's revenue
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140
141        LOWER     LEVEL     UPPER    MARGINAL
142
143 eff      .        2.500     +INF       .         
144
145 ---- VAR c  cost
146
147        LOWER     LEVEL     UPPER    MARGINAL
148
149 eff      .        1.250     +INF       .         
150
151                        LOWER     LEVEL     UPPER    MARGINAL
152
153 ---- VAR Util           -INF      1.250     +INF       .         

...
167 ----     42 VARIABLE x.L  quality
168
169 eff 6.250
170
171
172 ----     42 VARIABLE b.L  maker's revenue
173
174 eff 2.500
175
176
177 ----     42 VARIABLE c.L  cost
178
179 eff 1.250
180
181
182 ----     42 VARIABLE Util.L           =    1.250  maker's utility
183
184 ----     42 PARAMETER db  derivative of b
185
186 eff 0.200
187
188
189 ----     42 PARAMETER w  price
190
191 eff 1.250

...

 

SOLVE SUMMARY ** Optimal solution

GAMS EQU VAR
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x(i) 6.250
b(i) 2.500
c(i) 1.250

(x.l(i)) ( )ib x 1 db(i) 0.200
w(i) 1.250
Util 1.250

2 EQU EQU

MARGINAL rev(i)

1.000

obj 1 VAR

1.1.2

x.l(i) db(i) i

theta(i) take-it-or-leave-it offer

w(i) c(i) pc(i)

 

 (PS2_F_inf.gms) 

(PS2_F_inf.gms)

(2.1)–(2.3) i inf

2

 8 set i inf  

11 theta(i) 0.3

x.l(i) db(i) theta(i)
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x(i) 2.778
b(i) 1.667
c(i) 0.833

(x.l(i)) ( )ib x 1 db(i) 0.300
w(i) 0.833
Util 0.833

 

 (PS2_F.gms) 
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 (PS2_F.gms) 

...
7 * Definition of Set
8 Set     i       type of supplier        /eff, inf/;
9

10 * Definition of Parameters
11 Parameter
12         theta(i)        efficiency      /eff    0.2
13                                        inf     0.3/
14         p(i)            probability of type
15                                             /eff    0.2
16                                          inf     0.8/;
17 Scalar  ru  reservation utility         /0/;
18
19 * Definition of Primal/Dual Variables
20 Positive Variable
21         x(i)            quality
22         b(i)            maker's revenue
23         w(i)            price;
24 Variable
25         Util            makerʼs utility;
26 Equation
27         obj             supplier's profit function
28         rev(i)          maker's revenue function
29         pc(i)           participation constraint;
30
31 * Specification of Equations
32 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
33 rev(i)..b(i) =e= x(i)**(0.5);
34 pc(i).. w(i)-theta(i)*x(i) =e= ru;
35
36 * Setting Lower Bounds on Variables to Avoid Division by Zero
37 x.lo(i)=0.0001;;
38
39 * Defining and Solving the Model
40 Model FB1 /all/;
41 Solve FB1 maximizing Util using NLP;
42
43 * End of Model

20–25 c(i)

w(i) 26–29

32–34 32 obj

Util b(i) w(i)

p(i)
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33 b(i) rev(i)

0.5
i ib x 34 pc(i)

( ) =g= 40–41

Util

(PS2_F.lst)

EQU pc(i) 128–133 MARGINAL

eff inf

i iw

ii x

VAR x(i) w(i)

b(i) Util

,

 (PS2_S.gms) 

i ix

iw

1.1.4 (p)

(2.1’), (2.2), (2.3’) (2.4)

x(i) w(i)
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 (PS2_F.lst) 

...
74                S O L V E      S U M M A R Y
75
76      MODEL   FB1                 OBJECTIVE  Util
77      TYPE    NLP                 DIRECTION  MAXIMIZE
78      SOLVER  CONOPT              FROM LINE  41
79
80 **** SOLVER STATUS     1 NORMAL COMPLETION         
81 **** MODEL STATUS      2 LOCALLY OPTIMAL           
82 **** OBJECTIVE VALUE                0.9167

...
115                        LOWER     LEVEL     UPPER    MARGINAL
116
117 ---- EQU obj             .         .         .        1.000      
118
119 obj  supplier's profit function
120
121 ---- EQU rev  maker's revenue function
122
123        LOWER     LEVEL     UPPER    MARGINAL
124
125 eff      .         .         .        0.200      
126 inf      .         .         .        0.800      
127
128 ---- EQU pc  participation constraint
129
130        LOWER     LEVEL     UPPER    MARGINAL
131
132 eff      .         .         .       -0.200      
133 inf      .         .         .       -0.800      
134
135 ---- VAR x  quality
136
137        LOWER     LEVEL     UPPER    MARGINAL
138
139 eff 1.0000E-7   6.250     +INF  2.0951E-9      
140 inf 1.0000E-7   2.778     +INF       EPS       
141
142 ---- VAR b  maker's revenue
143
144        LOWER     LEVEL     UPPER    MARGINAL
145
146 eff      .        2.500     +INF       .         
147 inf      .        1.667     +INF       .         
148
149 ---- VAR w  price
150
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151        LOWER     LEVEL     UPPER    MARGINAL
152
153 eff      .        1.250     +INF       .         
154 inf      .        0.833     +INF       .         
155
156                        LOWER     LEVEL     UPPER    MARGINAL
157
158 ---- VAR Util        -INF      0.917     +INF       .         
...

 

  
x(i) (eff) 6.250

(inf) 2.778
b(i) (eff) 2.500

(inf) 1.667
w(i) (eff) 1.250

(inf) 0.833
Util 0.917

 

max i i i
i

p b x wUtil      (2.1’)

subject to  0.5
i ib x x i     (2.2)

   i i iw x ru i     (2.3’)

   i i i j i jw x w x i j    (2.4)

i i (2.4)

iw ix j i

jw jx

i

j 9 Alias j i (alias)

i j (2.4)

ic(i,j) 30 36 i
eff,inf ic(i,j)
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 (PS2_S.gms) 

...
7 * Definition of Set
8 Set     i       type of supplier        /eff, inf/;
9 Alias (i,j);

10 * Definition of Parameters
11 Parameter
12         theta(i)        efficiency    /eff    0.2
13                                           inf     0.3/
14         p(i)            probability of type
15                                              /eff    0.2
16                                              inf     0.8/;
17 Scalar  ru              reservation utility     /0/;
18
19 * Definition of Primal/Dual Variables
20 Positive Variable
21         x(i)            quality
22         b(i)            maker's revenue
23         w(i)            price;
24 Variable
25         Util            maker's utility;
26 Equation
27         obj             makerʼs utility function
28         rev(i)          maker's revenue function
29         pc(i)           participation constraint
30         ic(i,j)         incentive compatibility constraint;
31
32 * Specification of Equations
33 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
34 rev(i)..b(i) =e= x(i)**(0.5);
35 pc(i).. w(i)-theta(i)*x(i) =g= ru;
36 ic(i,j)..w(i)-theta(i)*x(i) =g= w(j)-theta(i)*x(j);
37
38 * Setting Lower Bounds on Variables to Avoid Division by Zero
39 x.lo(i)=0.0001;;
40
41 * Defining and Solving the Model
42 Model SB1 /all/;
43 Solve SB1 maximizing Util using NLP;
44
45 * End of Model
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eff eff eff inf eff infw x w x      (2.4a)

eff eff eff eff eff effw x w x      (2.4b)

inf inf inf eff inf effw x w x      (2.4c)

inf inf inf inf inf infw x w x      (2.4d)

4 2

(2.4) (2.4b) (2.4d) 2 (2.4b) (2.4d)

10

(PS2_F.gms)  

 

1.1.4

eff

effw

infw effw infw eff infw w

effw

w(i) eff

inf pc(i)

, slack 0.237 134 EQU pc(“eff”) LEVEL

LOWER 11

 

                                                      
10

 ic(i,j)$(ord(i) ne ord(j))..w(i)-theta(i)*x(i) =g= w(j)-theta(i)*x(j); 
$(…) ord(i) i

ne
11 EQU LOWER, LEVEL, UPPER McCarl (2011,
2.4.5.2 ) Solve Option solslack=1;

EQU LEVEL SLACK
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 (PS2_S.lst) 

...
123 ---- EQU rev  maker's revenue function
124
125        LOWER     LEVEL     UPPER    MARGINAL
126
127 eff      .         .         .        0.200      
128 inf      .         .         .        0.800      
129
130 ---- EQU pc  participation constraint
131
132        LOWER     LEVEL     UPPER    MARGINAL
133
134 eff      .        0.237     +INF       .         
135 inf      .         .        +INF     -1.000      
136
137 ---- EQU ic  incentive compatibility constraint
138
139            LOWER     LEVEL     UPPER    MARGINAL
140
141 eff.inf      .         .        +INF     -0.200      
142 inf.eff      .        0.388     +INF       EPS       
143
144 ---- VAR x  quality
145
146        LOWER     LEVEL     UPPER    MARGINAL
147
148 eff 1.0000E-7     6.250     +INF  6.7551E-8      
149 inf 1.0000E-7     2.367     +INF       .         
150
151 ---- VAR b  maker's revenue
152
153        LOWER     LEVEL     UPPER    MARGINAL
154
155 eff      .        2.500     +INF       .         
156 inf      .        1.538     +INF       .         
157
158 ---- VAR w  price
159
160        LOWER     LEVEL     UPPER    MARGINAL
161
162 eff      .        1.487     +INF       .         
163 inf      .        0.710     +INF       .         
164
165                        LOWER     LEVEL     UPPER    MARGINAL
166
167 ---- VAR Util           -INF      0.865     +INF       .         
...
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x(i) (eff) 6.250 6.250

(inf) 2.367 2.778

b(i) (eff) 2.500 2.500
(inf) 1.538 1.667

w(i) (eff) 1.487 1.250
(inf) 0.710 0.833

Util 0.865 0.917

pc.l(i)
-pc.lo(i)

(eff) 0.237 0.000
(inf) 0.000 0.000

ic(”eff”,”inf”)
–0.200 – 

ic(”inf”,”eff”)
0.000 – 

 
pc.m(i) (eff) 0.000 –0.200

(inf) –0.100 –0.800

 

x(i) eff

inf

Util

0.237

infx 0.411
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 (PS2_F&S.gms) 

2 (PS2_F.gms)

(PS2_S.gms)

ic(i,j) 1 2

39

42 obj, rev(i), pc(i) 3

FB2 43 Util

45 obj, rev(i), pc(i) ic(i,j) 4

SB2 46

2

Model

Model   /all/;

Model   / 1, 2, …/;

 

1 Solve

Solve SOLVE SUMMARY

(PS2_S.lst) SOLVE SUMMARY

81 FB1 197 SB1

(PS2_F.gms) (PS2_S.gms)
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(PS2_F&S.gms)
...

7 * Definition of Set
8 Set     i       type of supplier        /eff, inf/;
9 Alias (i,j);

10 * Definition of Parameters
11 Parameter
12         theta(i)        efficiency      /eff    0.2
13                                            inf     0.3/
14         p(i)            probability of type
15                                             /eff    0.2
16                                             inf     0.8/;
17 Scalar  ru              reservation utility     /0/;
18
19 * Definition of Primal/Dual Variables
20 Positive Variable
21         x(i)            quality
22         b(i)            maker's revenue
23         w(i)            price;
24 Variable
25         Util            maker's utility;
26 Equation
27         obj             makerʼs utility function
28         rev(i)          maker's revenue function
29         pc(i)           participation constraint
30         ic(i,j)         incentive compatibility constraint;
31
32 * Specification of Equations
33 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
34 rev(i)..b(i) =e= x(i)**(0.5);
35 pc(i).. w(i)-theta(i)*x(i) =g= ru;
36 ic(i,j)..w(i)-theta(i)*x(i) =g= w(j)-theta(i)*x(j);
37
38 * Setting Lower Bounds on Variables to Avoid Division by Zero
39 x.lo(i)=0.0001;;
40
41 * Defining and Solving the Model
42 Model FB1 /obj,rev,pc/;
43 Solve FB1 maximizing Util using NLP;
44
45 Model SB1 /obj,rev,pc,ic/;
46 Solve SB1 maximizing Util using NLP;
47
48 * End of Model
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(PS2_F&S.lst) 
...
79                S O L V E      S U M M A R Y
80
81      MODEL FB1                 OBJECTIVE  Util
82      TYPE    NLP                 DIRECTION  MAXIMIZE
83      SOLVER  CONOPT              FROM LINE  43
84
85 **** SOLVER STATUS     1 NORMAL COMPLETION         
86 **** MODEL STATUS      2 LOCALLY OPTIMAL           
87 **** OBJECTIVE VALUE                0.9167

...
195                S O L V E      S U M M A R Y
196
197      MODEL SB1                 OBJECTIVE  Util
198      TYPE    NLP                 DIRECTION  MAXIMIZE
199      SOLVER  CONOPT              FROM LINE  46
200
201 **** SOLVER STATUS     1 NORMAL COMPLETION         
202 **** MODEL STATUS      2 LOCALLY OPTIMAL           
203 **** OBJECTIVE VALUE                0.8654
...

 

1.1 2

1.3 3 0, 1, 2

2 N
2 eff inf inf eff 2

N

1N N

3 6 10 90

2 1.1.4 (p)

1.3 Spence-Mirrlees SCP
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SCP

1.3.2 ( )NP

2 1

( )PN (MN)

SCP SCP

SCP

1.1 1.3 1.1

1.3 2 1

i i 1.3

1.1

0 1.3

2 1.3

S U ( )PN

i i ii
p b x w ix iw

 

 (PS3_F.gms) 

3 2

8 3 12–14 theta(i) 0

42

FB1 FB2

 (PS3_S.gms) 

2 3

SCP

1
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 (PS3_F.gms) 

...
7 * Definition of Set
8 Set     i       type of supplier        /0,1,2/;
9 Alias (i,j);

10 * Definition of Parameters
11 Parameter
12         theta(i)        efficiency      /0      0.1
13                                            1       0.2
14                                             2       0.3/
15         p(i)            probability of type
16                                             /0      0.2
17                                             1       0.5
18                                             2       0.3/;
19 Scalar  ru              reservation utility     /0/;
20
21 * Definition of Primal/Dual Variables
22 Positive Variable
23         x(i)            quality
24         b(i)            maker's revenue
25         w(i)            price;
26 Variable
27         Util            maker's utility;
28 Equation
29         obj             makerʼs utility function
30         rev(i)          maker's revenue function
31         pc(i)           participation constraint
32
33 * Specification of Equations
34 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
35 rev(i)..b(i) =e= x(i)**(0.5);
36 pc(i).. w(i)-theta(i)*x(i) =g= ru;
37
38 * Setting Lower Bounds on Variables to Avoid Division by Zero
39 x.lo(i)=0.0001;;
40
41 * Defining and Solving the Model
42 Model FB2 /all/;
43 Solve FB2 maximizing Util using NLP;
44
45 * End of Model
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xu i

12

i ,i i i iU w u x u ,i i i iu x x

u ix 1 xu i

SCP

1.3.2 2

1 1.3.2 ( )NP LICD LICU

1| |i i i iU U i      (LICU)

1| |i i i iU U i      (LICD)

13

2 1.3.2 ( )NP LICD LICU ix

(MN)

0 Nx x
14 LICD 1

(MN)

LICD

LICU 1.3.2 1.4

LICD

(MN)

( )

                                                      
12 x X , , , ,x xu x u x
13 1.3.2

LICU 1 |i iU 1 |i iU
LICD

14 1.3.2
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 (PS3_S.gms) 

...
7 * Definition of Set
8 Set     i       type of supplier        /0,1,2/;
9 Alias (i,j);

10 * Definition of Parameters
11 Parameter
12         Theta(i)        efficiency      /0      0.1
13                                         1       0.2
14                                             2       0.3/
15         p(i)            probability of type
16                                              /0      0.2
17                                         1       0.5
18                                              2       0.3/;
19 Scalar  ru              reservation utility     /0/;
20
21 * Definition of Primal/Dual Variables
22 Positive Variable
23         x(i)            quality
24         b(i)            maker's revenue
25         w(i)            price;
26 Variable
27         Util            maker's utility;
28 Equation
29         obj             makerʼs utility function
30         rev(i)          maker's revenue function
31         pc(i)           participation constraint
32         licd(i)        incentive compatibility constraint;
33
34 * Specification of Equations
35 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
36 rev(i)..b(i) =e= x(i)**(0.5);
37 pc(i).. w(i)-theta(i)*x(i) =g= ru;
38 licd(i)..w(i)-theta(i)*x(i) =g= w(i+1)-theta(i)*x(i+1);
39
40 * Setting Lower Bounds on Variables to Avoid Division by Zero
41 x.lo(i)=0.0001;;
42
43 * Defining and Solving the Model
44 Model SB3 /all/;
45 Solve SB3 maximizing Util using NLP;
46
47 * End of Model
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 (PS3_S.lst) 

...
125 ---- EQU rev  maker's revenue function
126
127      LOWER     LEVEL     UPPER    MARGINAL
128
129 0      .         .         .        0.200      
130 1      .         .         .        0.500      
131 2      .         .         .        0.300      
132
133 ---- EQU pc  participation constraint
134
135      LOWER     LEVEL     UPPER    MARGINAL
136
137 0      .        0.522     +INF       .         
138 1      .        0.088     +INF       .         
139 2      .         .        +INF     -1.000      
140
141 ---- EQU licd  incentive compatibility constraint
142
143      LOWER     LEVEL     UPPER    MARGINAL
144
145 0      .         .        +INF     -0.200      
146 1      .         .        +INF     -0.700      
147 2      .         .        +INF       .         
148
149 ---- VAR x  quality
150
151      LOWER     LEVEL     UPPER    MARGINAL
152
153 0 1.0000E-7    25.000     +INF  5.7724E-8      
154 1 1.0000E-7     4.340     +INF       EPS       
155 2 1.0000E-7     0.879     +INF       EPS       
156
157 ---- VAR b  maker's revenue
158
159      LOWER     LEVEL     UPPER    MARGINAL
160
161 0      .        5.000     +INF       .         
162 1      .        2.083     +INF       .         
163 2      .        0.937     +INF       .         
164
165 ---- VAR w  price
166
167      LOWER     LEVEL     UPPER    MARGINAL
168
169 0      .        3.022     +INF       .         
170 1      .        0.956     +INF       .         
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171 2      .        0.264     +INF       .         
172
173                        LOWER     LEVEL     UPPER    MARGINAL
174
175 ---- VAR Util           -INF      1.161     +INF       .         
...

max i i i
i

p b x wUtil      (2.1’)

subject to  0.5
i ib x x i     (2.2)

   i i iw x ru i     (2.3’)

   1 1i i i i i iw x w x i    (2.5)

( )NP (2.3’) 2i

37 2i

LICD

(2.5) 38 i 1 i

1 i+1

 

2

1.3.2

SCP
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x(i) 0 25.00 25.00 0.00

1 4.34 6.25 –1.91
2 0.88 2.78 –1.90

b(i) 0 5.00 5.00 –0.00
1 2.08 2.50 –0.42
2 0.94 1.67 –0.73

w(i) 0 3.02 2.50 0.52
1 0.96 1.25 –0.29
2 0.26 0.83 –0.57

Util 1.16 1.37 –0.21

=

pc.l(i)
-pc.lo(i)

0 0.52 0.00 0.52
1 0.09 0.00 0.09
2 0.00 0.00 0.00

licd.m(i) 0 –0.20 – –
1 –0.70 – –
2 0.00 – – 

pc.m(i) 0 0.00 0.00 –
1 0.00 0.00 –
2 –1.00 –1.00 – 

 
x(i) 0

w(i) 0

licd(i) 0, 1

licd.m(i)

2

0, 1 EQU

pc(i) LEVEL LOWER 137–138 0, 1

ru 0

2
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0 1

2

(2003) ix (MN)

 

 (PS3_S_GIC.gms) 

38 (2.4a)-(2.4d)

ic i j 2 ,

(2.5) ic(i,j) i

j : i=j

SCP

licd(i) ic(i,j)

6 0 1

145 1 2 148 2

1

LICD(2.5)

2 ,
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 (PS3_S_GIC.gms) 

...
28 Equation
29         obj             makerʼs utility function
30         rev(i)         maker's revenue function
31         pc(i)           participation constraint
32         ic(i,j)        incentive compatibility constraint;
33
34 * Specification of Equations
35 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
36 rev(i)..b(i) =e= x(i)**(0.5);
37 pc(i).. w(i)-theta(i)*x(i) =g= ru;
38 ic(i,j)..w(i)-theta(i)*x(i) =g= w(j)-theta(i)*x(j);
39
40 * Setting Lower Bounds on Variables to Avoid Division by Zero

...

 
 (PS3_S_GIC.lst) 

...
133 ---- EQU pc  participation constraint
134
135      LOWER     LEVEL     UPPER    MARGINAL
136
137 0      .        0.522     +INF       .         
138 1      .        0.088     +INF       .         
139 2      .         .         +INF     -1.000      
140

141 ---- EQU ic  incentive compatibility constraint

142
143        LOWER     LEVEL     UPPER    MARGINAL

144
145 0.1      .         .        +INF     -0.200      

146 0.2      .        0.346     +INF       .         

147 1.0      .        2.066     +INF       EPS       

148 1.2      .         .        +INF     -0.700      

149 2.0      .        4.478     +INF       .         

150 2.1      .        0.346     +INF       .         

...

 

1 Spence-Mirrlees (SCP)

2 ix
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1.3.2

2 SCP

SCP 3

 

 (PS3_S_SPC.gms) 

SCP

SCP i

,i i i iU w u x u ,i i i iu x x

2, 1i i i i i iu x x

0 1ix , 0 1i u ix i

1 2x iu 0.5i

1.2 SCP 1.3 u i

15

max i i i
i

p b x wUtil      (2.1’)

subject to  0.5
i ib x x i     (2.2)

21i i i i iw x ru i     (2.3’’)

2 21 1i i i i i j i i i jw x w x i j (2.4’)

, PS3_S_SCP.gms (2.3’’) pc(i)

(2.4’) ic(i,j) sqr(…)   

52 (2,1’), (2.2), (2.3’’), (2.4’)

SB_gic_wo_SCP

                                                      
15 1.3.2
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 (PS3_S_SCP.gms) 

...
10 * Definition of Parameters
11 Parameter
12         theta(i)        efficiency      /0      0.1
13                                         1       0.4
14                                         2       0.9/
15         p(i)            probability of type
16                                         /0      0.2
17                                         1       0.5
18                                         2       0.3/;

...
28 Equation

...
32         ic(i,j)         incentive compatibility constraint
33         licd(i)         incentive compatibility constraint
34         licu(i)         incentive compatibility constraint;
35
36 * Specification of Equations
37 obj..   Util =e= sum(i, p(i)*(b(i)-w(i)));
38 rev(i)..b(i) =e= x(i)**(0.5);
39 pc(i)..  w(i) -(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i))
40              =g= ru;
41 ic(i,j)..w(i) -(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i))
42 =g=  w(j)  -(theta(i)+(1-theta(i)+sqr(theta(i)))*x(j));
43 licd(i)..w(i) -(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i))
44 =g=  w(i+1)-(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i+1));
45 licu(i)..w(i) -(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i))
46 =g=  w(i-1)-(theta(i)+(1-theta(i)+sqr(theta(i)))*x(i-1));
47
48 * Setting Lower Bounds on Variables to Avoid Division by Zero
49 x.lo(i)=0.0001;
50
51 * Defining and Solving the Model
52 Model SB_gic_wo_SCP /obj, rev, pc, ic/;
53 Model SB_lic_wo_SCP /obj, rev, pc, licd, licu/;
54
55 Solve SB_gic_wo_SCP maximizing Util using NLP;
56 Solve SB_lic_wo_SCP maximizing Util using NLP;
57 * End of Model

 
 



新潟大学　経　済　論　集126 第93号　2012－Ⅰ
GAMS

x(i) 0 0.22 0.30
1 0.43 0.51
2 0.22 0.16

b(i) 0 0.47 0.55
1 0.66 0.71
2 0.47 0.40

w(i) 0 1.10 1.12
1 1.26 1.31
2 1.10 1.04

Util –0.62 –0.61

=

pc.l(i)
-pc.lo(i)

0 0.80 0.75
1 0.53 0.52
2 0.00 0.00

ic.m(i,j) 0 1 0.00 – 
0 2 –0.40 –
1 0 –0.20 –
1 2 –0.30 –
2 0 0.00 – 
2 1 0.00 – 

licd.m(i) 0 – –0.20
1 – –0.70
2 – 0.00

licu.m(i) 0 – 0.00
1 – 0.00
2 – 0.00

pc.m(i) 0 0.00 0.00
1 0.00 0.00
2 –1.00 –1.00

 
(2.4’) (LICD, LICU)

2 2
1 11 1i i i i i i i i i iw x w x i

2 2
1 11 1i i i i i i i i i iw x w x i

2 licd(i), licu(i) 43–46

53 ic(i,j) licd(i), licu(i)

SB_lic_wo_SCP  
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ix

3 0 2 1 0 1

2

3 0 2

2 0

Util

 

 (PS3_S_MN.gms) 

1.3 SCP ix

1.3.2 1.4 16

17

(MN) (2.6) LICU: 

1 1i i i i i iw x w x SCP

max i i i
i

p b x wUtil      (2.1’)

subject to  0.5
i ib x x i     (2.2)

   i i iw x ru i     (2.3’)

   1 1i i i i i iw x w x i    (2.5)

   1i ix x   i     (2.6)

                                                      
16

i (i) (ii)

ix i i

1, , 1 , ,i i i i i i i i i ix S x F p u x u x , 

1 0
1

N i
i j jj i j

F p p , 1 0F

17
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(2.6)

mn(i) (PS3_S.gms) (PS3_S_MN.gms)

mn(i).. x(i) =g= x(i+1);

 

mn(i) mn(i)

ip

0

1

2

0.30
0.10
0.60

p
p
p

i

0

1

2

0.10
0.30
0.31

LICD LICU

 

 (PS10_S.gms) 

i ip

10 ( 0, 1, 2 ,  ,9i )

Set i type of supplier /0*9/;

 
*

Set i type of supplier /0,1,2,3,4,5,6,7,8,9/;
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 (PS10_S.gms) 

...

7* Definition of Set

8Set     i       type of supplier        /0*9/;

9Alias (i,j);

10* Definition of Parameters

11Parameter

12        theta(i)        efficiency

13        p(i)           probability of type;

14theta(i)=ord(i)/card(i);

15p(i)=1/card(i);

...

 

PS2_F_eff.gms 2 – – 1.1.2
PS2_F_inf.gms 2 – – 1.1.2
PS2_F.gms 2 – – 1.1.2
PS2_S.gms 2 1.1.4
PS2_F&S.gms 2 / 1.1.2/

1.1.4
PS3_F.gms 3 – – – 
PS3_S.gms 3 1.3.2
PS3_S_GIC.gms 3 – – 
PS3_S_SCP.gms 3 / – – 

PS3_S_MN.gms 3 – 
PS10_S.gms 10 – 
PS10_S_MN.gms 10 / / – 

 
100 9 99

GAMS 100

(PS10_S.gms) 14–15 i

ip i

ip 18

Web 19

                                                      
18 ord(i) card(i) i

GAMS
19 http://r-center.grips.ac.jp/JPDiscussionPapersDetails/133/ ,
GAMS Model Library http://www.gams.com/modlib/libhtml/subindx.htm#ct
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GAMS
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2 1

2

2 1 (A)

2 (B)

1.3 i

1 1.3.2 1.4 i

i 0i N i

i N iq p i iy x i

0 ... N i

0 1 0N i N N 1.3

1

1

1, , , ,

1

i
i i i i i i i i

i

i
i i i i i i

i

Gy S y u y u y
q

Gb y y y
q

  (A.1)

1Pr 1
N

i i k N i
k N i

G q F , 1NG

iy i 1i i

iy 1, , 0y i i y i iy y

(A.1) iy i

1
1, ' i

y i i i i i i
i

Gy b y
q

    (A.2)

1i

1
1 1 2 1

1

1, ' i
y i i i i i i

i

Gy b y
q

   (A.3)

(A.3) (A.2)
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1

1
1 2 1 1

1

, ,

1 1
y i i y i i

i i
i i i i i i

i i

y y
G G

q q
   (A.4)

i i ( 1 2 1 1 0i i i i i i )

(A.4) 3 1.4.2

(monotone hazard rate condition, MHRC)

1

1

1 1i i

i i

G G
q q

       (A.5)

1, , 0y i i y i iy y

i iF

0
Pr

i

i i j
j

F p , 1NF

0 0 0F p

1 1 0 1F p p

i iG

0 N 0 0 11N NG q p F

1 1N 1 0 1 1 21N N NG q q p p F

11i N iG F (A.5)

1 2

1

N i N i

N i N i

F F
p p

       (A.6)

(A.6)

 

10

i (PS10_S_MN.gms) 20 1

(A.6) i

                                                      
20 Web <http://www.gams.com/modlib/libhtml/ps10_s_mn.htm> 
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ip i [0,1]

t 1,000 2

mn(i) (SB_lic) (SB_lic2) 2

2

2

(PS10_S_MN.gms)

p(i) mn(i)

2 1

1 (A) ip MHRC(A.6)

1,000 MHRC

1 (0.1%) 21 MHRC

2 2

(B) 2

(B) 1,000 7 (0.7%)

5 8 Set i

type of supplier /0*9/ /0*4/ (A) MHRC

24% (B) 36%

MHRC(A.6)

                                                      
21 MHRC(A.6) i ip
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Abstract

This is a study to develop and solve numerical models based on Itoh’s (2003, Ch. 1), “Parts 

Supply Problems,” for better understanding the contract theory. In the first part of this paper, by 

following Itoh (2003) we investigate 2- and 3-agent types cases; in the succeeding part, by using 

numerical examples, we examine how likely the simplifying assumptions often used in theoretical 

analysis are to hold. Finally, we demonstrate that we can extend these basic models to ones with a 

much larger number of agent types easily by exploiting the merit of our numerical approach.

Keywords:  

principal-agent problem, adverse selection, numerical model, single-crossing property, monotonicity
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