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0 Ú ó

V�5y´$Ê��`z+��c÷�K£Dempe, 2002[4]¶Dempe and Zemkoho,

2020[5])"�²;�²L�+n¥�V�5y¯K�±þ��1930 c��Stackelberg �

."²LÆ©z¥u1970 c�,å��÷�nnØ´V�5y����ïÄ��§î

8��®²��´a�¤J"���J�´§IS'uV�5y�ïÄ��©u1990 c

�§¥��A^¤�XÚ¤�ïÄ|Çkm©
�'ïÄ§��§E��Æ!þ°�Ï�

Æ!ÉÇ�Æ!ÜS>f�E�Æ!þ°�Æ!U9�Æ��U\\§3V�5y��{

9Ù3+n�Æ!ÅìÆS!>å½|�+��A^��¡�Ñ
éõó�"�©'5

�:¯K´V�5yÀ�e§�÷�nnØ¥���ºx¯K"

��ºxnØ´y�²LÆ����|¤Ü©"gMirrlees(1975)[22]�mM5ó�

±5§²dHolmstrom(1979)[10]�<�í?§8c®²3²L!+n!�£�Æ!7K

�+���2��A^£�Úo§2016[25]¶m2016[26]¤§Mirrlees�Holmstrom �©O¼

�1996c�2016 cì��²LÆø"�3��ºxnØ¥§���Ï�3�Ä:5¯K

´��^��{(the first-order approach (FOA))�k�5"du3��ºx�.¥§�n

<é�÷<���ÜÓ��`�A���÷<�`z¯K��å´��Ã¡��å§�


{B?n¯K¿��)��x§ïÄö�Ï~^�n<��`�A���^�5�O

�k�Ã¡��å§ù�¡¢��^��{"éw,§Ï���^�´�n<�`�A�

7�^��¿�^�§̂ ��^�5�O�k�^�B��
�¯K��å8§ù�

�÷<���/�`)0k�UØá3�k��å8p§@o�÷<¤���Ü�BÃ{

ý��±¢�"ù�ÿ§��^��{��
"�o�¹e��^��{¬k�º�«{

ü��*��{´§4�t±���å8��¯K��å8�Ó§�=`§4��^�¤

��n<�`�A�¿�^�"���ù:§�¦�n<�Ï"�^¼êé¦�1Ä

óäk�Û]5"÷Xù�g´§Rogerson (1985)[23],Jewitt (1988)[12], Sinclair-Desgagne

(1994)[24], ÚConlon (2009)[2] �JÑ½U?¦�n<�^¼ê�Û]5�^���{"

Ù¥§Rogerson (1985)[23] �¿©^����¶§3��Ö¥2�J9§§�¦�Ñ�V

Ç©Ù¼êà5^�(the convexity of distribution function condition(CDFC))ÚüNq,

Ç5�(the monotone likelihood ratio property (MLRP))"du�Ü©~^�©Ù¼êØ

÷vCDFC§Jewitt (1988)[12]ÏLÚ?�«�]5Cz§é�^¼êàO\
�
�å5

�t©Ù¼êà�CDFC ^�"

,§Rogerson (1985)[23]ÚJewitt (1988)[12] ��{ÑØN´�í2��ÑCþ´õ

���/"3õ��ÅCþ��/e§�±Ï"�^¼ê��Û]5C���(J§I�

'CDFCÚMLRP���õ�^�"Conlon (2009a)[2] �Ñ
õ�Cþ�¹e�]C��

��¿�^�§§3�ê�õ��ÿ§�J�÷v¶∗ �¦�y²Jewitt (1988)[12]�`

{(J3õ��¹eÄ�þvk{'�éAL�/ª"¯K´§kvk�U3ØI��

Û]5�^�e¦��^��{k�º�(2009[15],2010[16])ÄkJÑ^ØÄ:�{5�

t�Û]5¶�CKirkegaard(2017a[18],2017b[19]) JÑ�«|^'��5z]�ä��

∗Ø
MLRP, Conlon(2009a[2],2009b[3])�^�ü�#^�§=4O8VÇ4~£(the nondecreasing

increasing-set probability (NISP)) Ú4O8VÇ]5^�(the concave increasing-set probability (CISP))"
cö�yüN�ÅCþ�Ï"�é1Ä�üN5(¿�^�)§�ö�yüN�ÅCþÏ"�é1Ä�]
5(�]Cz�¿�^�)§´CDFC3õ��¹e���í2"Ïdwå5Rogerson�{ÿÐ��mØ
�§�U�uMLRP§NISPÚCISP"
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ª5,«§Ýþ�°�Û]5¶JungÚKim(2015)[11] �JÑ^&E�m��{5¦��

^��{k�"�ü«�{�,�²;��Û]5��{«OØ´é�§�E,��


�
#(J§cÙ´3õ���¹e"

�©Ì���z´'�XÚ/ÎnØÄ:�{§¿JÑ�±â»�Û]5���"

·�l`znØ��Ý§3������^¼êb½eÄky²
.�KF¦f��3

5���5§¿?Øù
¦féëê�ëY5�§??ØØÄ:��35¯K"�Ï~

¿Âþ�¦�t¯K��¯K��å8��d5ØÓ§ØÄ:�{¿Ø�¦ü��å8

�d§·��I��y3�t¯K��`)�/�§T�`1ÄfÐ´�n<�`�A

N����ØÄ:=�"DÚ��Û]5�{´ØÄ:�3�A~§Ï�3�Û]5e§

�`�AN�´ëY�Ïd�âBrower ØÄ:½n§äkØÄ:"�Ø
BrowerØÄ:

½n�	§�±k,	��
����ØÄ:½n§ù�&?��^��{�k�5J

ø
#���"·��^�
~f5`²vk�Û]5eØÄ:�{XÛ¦���^�

�{k�"

u´�©©¤8�Ü©"3�e��1�Ü©´�.��§1nÜ©´0�FOA±

9�
ÐÚ�nØO�§1oÜ©:0�XÛlØÄ:��Ý5wFOA�k�5¿J

Ñ�
#�y²FOA k���{±9~f"1ÊÜ©´(Ø"�
Eâ5�y²§·�

òÙ�318Ü©N¹"

1 �.��

·��Ä��������÷�n��ºx�.(õ��Ñ&Ò)"�n<ÀJ���

1Äa ∈ A ≡ [0, ā], T1ÄØ��÷<¤*	§ÏdÃ{M55½�n<ÀJÛ«ãåY

²"�n<�1Ä¬K��Å�Ñx ∈ X ⊂ RK§ù«K�´ÏL�Ñ�VÇ©Ù(p.d.f.)

f(x, a)?1§·�b½f(x, a)éa´ëY1w�(������)§¿���©z�DÚ§b

½Ù| 8Ø�6ua"

�n<��^¼ê(Bernoulli)�u(w, a),ùpw´�n<�À1ó]"Ø
ëY1w±

	§·�é�n<��^¼ê��
±eb�µ

A1 : uw(., a) > 0, uww(., a) < 0, ùpeIL« �ê"†

Äu�±*	���Ñ&Òx§�÷<ÀJó]Ü�w = w(x)"duk�$ó]�

å§�÷<Ã{Ã�¨v�n<µ

A2: ó]w(x)�e.�w, ùpw ´	)�½��$ó]§¿÷v^�u(w, a) >

−∞é¤k�a ∈ A¶‡¿�, �
�B·�b½u(w, 0) = U§ùpU´��n<�	Ü

Å¬"§

�Sinclair-Desgagne (2007)[6] ÚConlon (2009a)[2] ��,·�4|d¼êπ(x) d�Ñ

û½"�÷<��^¼êv(.) ½Â3À�(π − w)þ"�÷<��^¼êÎÜ±eb�µ

A3: v(.)1w§î�4O¿�äkf]5"

†3,
~fp§·��UI�?�Úb�(a) ua(., a) < 0, uaa(., a) 6 0Ú(b) uwa 6 0, uwwa(., a) 6 0"
‡ù�^�kÏu)��35§3�©¥§·�Ø��?Ø)��35¯K§k')��35��#(

J�(Jewitt Kadan, and Swinkels (2008)[13]ÚKadan, Reny and Swinkels (2017)[14]§±9KeÚXu(2021)[17]

��#(J"3�©¥§·�o´b½�¯K�)´�3�"
§ù�b½¿�ù�n<3�c�$ó]�	ÜÅ¬�mvk@|"
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·��±r�÷<�Ï"�^¼ê�¤

V (w, a) =

∫
v(π(x)− w(x))f(x, a)dx

�n<�Ï"�^¼ê�¤

U(w, a) =

∫
u(w(x), a)f(x, a)dx,

ùpw¢Sþ�L¼ê�mþ�,�¼êw(.)"

�÷<¡��´±e�`z¯K:

(P1) max
(w,a)

V (w, a),

÷v:-y�N�å£the incentive compatibility (IC) constraint¤

U(w, a)− U(w, a′) > 0 for ∀a′ ∈ A; (IC)

Ú�<n5�å£the individual rationality (IR) constraint¤

U(w, a) > U, (IR)

ùpU > −∞=�	Ü�3�^¶±9�$ó]�å

w > w. (LL)

�
�B§3�©¥§·��^rIC�å�¤a ∈ aBR(w),ùp§ÎÒ

aBR(w) ≡ arg max
a′

U(w, a′)

L«�n<éÜ�w��`�A"

�Conlon(2009)[2]½Alvi(1997)[1]�',�©��.��äk�é���5"31nÜ

©�ª0�ØÄ:�{��§·�¬3ù�����eO\�
�	��å5í��


A^"

2 FOA�½Â�.�KFéó5

3ù�!§·��ª½ÂFOA¿�`²�Û�t��¯K�±^.�KF�{5¦

)"

2.1 FOA��x

éu�5�IC�å§Q,�n<��z¦g���^¼ê§@o·��±éa¦�§

Ù7�^�´±e½Â���^�§·�¡��t�IC�å(RIC):

Ua(w, a) = 0 if a ∈ (0, ā); Ua(w, a) 6 0 if a = 0; and Ua(w, a) > 0 if a = ā. (RIC)
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� (IC)�t�(RIC)��ÿ,�¯K(P1)C¤

(P2) max
(w,a)

V (w, a), s.t. (IR)§(RIC) and (LL).

^F P��¯K��18§=÷v(IC),(IR)Ú(LL)�8Ü(w, a)§̂ FRP��t�¯K�
�18§=÷v(RIC)§(IR)Ú£LL¤"éw,·�kF ⊂ FR, Ïd(P2)k�U����

)§�§Øá3F �¥"FOAk�¿�Xùù«�¹Ø¬u)§Ïdü�¯K´�d�§

�ª½ÂXe"

½Â 2.1 ¡FOAk�XJmax(w,a)∈F V (w, a) = max(w,a)∈FR V (w, a).

3Rogerson (1985)[23]�²;©Ù¥§IO�y²FOAk��§S´§ÄkòRIC �

ª�å?�Ú�t¤Ø�ª�å§�E±eV�t�¯K

(P3) max
(w,a)
{V (w, a) : U(w, a) > U §Ua(w, a) > 0},

ùpØ�ª�åUa(w, a) > 0?�Ú�t
RIC"Ùg§V�t¯K(P3)�±^Ï~

�Kuhn-Tucker�{5)§,��y�n<��^¼ê3(P3)�)e´�Û]�§Ïd(P3)¯

K�)�ª�´á�F þ§ù�(P3)Ú(P1)�d§@o�,(P2)Ú(P1)�d§ÏFOAk

�"3�©¥§·�Ø^V�t��{§���y(P2)�)´Ä�±|±,«ØÄ:"

�d§·�I�k�x(P2))�5�"

2.2 (P2)�)��x

é¯K(P2)�){§���§S´Grossman-Hart(1983)[8]�üÚ©){"31�Ú

�½a �¹ek)Ñ�`�w§,�31�Ú2)Ñ�`�a"·��^Ó���{"

2.2.1 �½ãåY²e(P2)�)

�½a, (P2) C¤

max
w

V (w, a) : s.t.(IR), (RIC)and(LL). (P2|a )

"·�b�(P2|a ) o´k)§é?¿a"

�
{üå�§·�3d�Ñ��^��ªØ¤á��:)��¹"Ï�XJa = 0¿

�Ua(w, 0) < 0§ù�ÿ�`�Ü�´�$ó]"XJa = ā§@o�`ÜÓØ�U¦

�Ua(w, ā) > 0§ù«�¹ØK�·�nØ���5"GØ
�:)AÏ�¹±�§¯

K(P2|a ) ´����{'��ª�Ø�ª�åe�`z¯K§¦+¦E,´��Ã¡�

`z¯K"�âMirrlees (1975)[22]ÚHolmstrom (1979)[10], ·��E.�KF¼ê

L(w, a;λ, µ) = V (w, a) + λ[U(w, a)− U ] + µUa(w, a), (2.1)

ùpλ ∈ R+Úµ ∈ R´ü�.�KF¦f§©OéAuIRÚRIC�å"±e�1��(Ø

´�ªy².�KF¦f´�3�§¿�¯K�±d.�KF�{5)¶

¶.�KF�{��^5��Ù¢¿Ø´��w,�¯K§cÙ3Ã¡��`z¯Kp"ùp·�Ì
�´�±|^�
�Ð�.�KFéó5"k'Ã¡�`z¯K¥�¦f§�Luenberger(1969)[21]�²
;©z"
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Ún 2.1 b½éz�a§A1-A3Ñ¤á¿�(P2|a )k)w∗. K(i) w∗ ´L(w, a;λ, µ)�

��½:��w∗ > w¶(ii)�3¦f8Ü

(λ(a), µ(a)) = {(λ, µ) ∈ R+ × R : U(wλ,µ(., a), a) > U, Ua(wλ,µ(., a), a) = 0} (2.2)

÷vRICÚIR�å¿�¦f(Ü(λ(a), µ(a))éa´þ�ëY�8Ü´à�"

Ún2.1 ¢Sþ´��Ä�5(Ø§§�y
k.¦f��35±9?�Ú�±é

¯K�)�Ñ�x"ù�(J¤á�Ì�b�´v′ > 0±9uw > 0§ù��b�¿�

XU(w, a)ÚUa(w, a)�Frechet�ê3w∗NCéu?¿Oþ¼êh > 0 Ø�UÑ´""‖

ÄuÚn2.1, ½:÷v��^�

v′(π(x)− w)− µuaw(w, a) = uw(w, a)[λ+ µla(x, a)], (2.3)

��w > w, ùp

la(x, a) ≡ ∂ log f(x, a)

∂a

=�q,Ç"·�^PÒwλ,µ(x, a)L«��^�(2.3)���)§¿r§�ª½Â�Mirrlees-

HolmstromÜ�"

½Â 2.2 ¡Ü�w = wλ,µ(x, a)�Mirrlees-Holmstrom (MH)Ü�XJwλ,µ(x, a) ÷v

��^�(2.3)�½ëê(λ, µ) ∈ R+ × RÚa ∈ A.

z�MHÜ�Ñkn�ëê(λ, µ, a), �½ù
ëê(λ, µ, a), �Ukõ�MHÜ�Ï

�(2.3)�)�7´���"�kü«~^�¹e§MHÜ�Ú.�KF¦fÑ´���§

ùü«�¹¢Sþ´·�:ïÄ��/"e¡íØÒ�Ñù�(J"

íØ 2.1 b½A1-A3¤á¿��n<��^¼ê�©=uwa = 0"Kéuz�a, (i)�

3�����MHÜ�wλ,µ(x, a)��(P2|a )�)¿÷vRICÚIR�å¶(ii)¦f8Ü(2.2)´

ü8Ïd(λ(a), µ(a))´a�ëY¼ê¿�A�??��"

íØ2.1¥���5(JÌ�5g�^'v′(π(x)−w)
u′(w) éw �üN5(|^�÷<��n

<�^�]5)"3ù��/e§MHÜ��±��©zþ��ÙG�/ª

v′(π(x)− w)

u′(w)
= λ+ µla(x, a), (2.4)

þã�§(½
���wλ,µ(x,a)"3©z¥§Jewitt, Kadan, and Swinkels (2008)[13]�5

¿�
��AÏ�/e¦f���5§¦+¦��Ì�8�Ø´�
FOA�k�5"

��^¼êØ�©��ÿ§XJ·�b�µ > 0,∗∗ @o3�
�¹e§MHÜ��.

�KF¦f���5E,¤á"

‖�½Frechet��5,éu���¼�fT (w)§§3w?�Frechet�ê�ulimα→0
T (w+αh)−T (w)

α
(?

�Ú?Ø�Luenberger (1969, P172)[21])"
∗∗5¿�3¯K(P2|a )¥(RIC)���ª�å§ éA�¦fµ ¿Ø�½�K§ Ïd�â½
Â(2.1)§FOA3µ < 0�/e��±k�"�´3�
'�k²L¿Â�b�e§~X�÷<ºx¥
5§½ö�n�^�©��Ñ©ÙÎÜ���ÅÓ`(FOSD)§ù«�¹e§��FOAk�§@o7
kµ > 0"Holmstrom (1979)[10]�ªy²
ù�(Ø"
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íØ 2.2 b½A1-A3¤á§¿�uwa 6 0Úuwwa 6 0"Ké?¿a, (i)�3���MHÜ

�wλ,µ(x, a)��¯K(P3)�)¶(ii) �3���.�KF¦f(λ, µ) ∈ R+ × R+ ÷vp

Ötµ�åU(wλ,µ(., a), a) > U , λ[U(wλ,µ(., a), a) − U ] = 0, ÚµUa(wλ,µ(., a), a) = 0,

Ua(wλ,µ(., a), a) > 0.

3íØ2.2�cJ^�e§¢Sþ·�y²
éu?¿a§(P2|a )k)§¿�)�±�

��/�xÑ5"3�©¥§·�rù�)éA�.�KF¦fP�

(λ∗(a), µ∗(a)) ∈ (λ(a), µ(a)).

�A��`MHÜ�P�

w∗(x, a) = wλ∗(a),µ∗(a)(x, a), (MH∗)

2.2.2 )(P2)��`ãåY²

3ù��!§·��x(P2)e�`ãåY²"�âíØ2.2§�`�ãåY²a∗¢S

þ�±dÃ�å`z¯K(½µ

maxa∈A

∫
v(π(x)− w∗(x, a))f(x, a)dx (2.5)

du8I¼êéa´ëY�§Ïd7k�`)�3"·�3e¡��±?�Ú/`²a∗÷

v��^�=���§

Va(w∗(., a), a) + µ∗Uaa(w∗(., a), a) = 0. (AE)

íØ 2.3 b½íØ2¤��^�¤á§¿�a∗ ∈ (0, ā),±93�`)?Uaa(w∗, a∗) 6=
0§K���§(AE)3a = a∗?¤á"

Proof ·�^C©{5y²§g´�Ún2.1(�N¹5.1) �y²g´aq"¦?¿��

K l¼êh(x) > 0÷vh(x̄) = h(x) = 0"·���y(z, a) = (0, a∗) ´.�KF¼

êL(w∗ + zh, a;λ, µ) ���½:§¿�¦f(λ, µ) ÷v(IR)Ú(RIC)�å,ùpz ∈ R"
�Uaa(w∗, a∗) 6= 0, éuz�h(x) > 0, Ñ�3�þ(y1, y2) ∈ R2¦�

y1Uza(w∗, a∗) + y2Uaa(w∗, a∗)

= y1

∫
[uaw(w∗, a∗)la(x, a∗) + uw(w∗, a)]h(x)f(x, a∗)dx + y2Uaa(w∗, a∗) = 0,

y1Uz(w
∗, a∗) + y2Ua(w∗, a∗) = y1Uz(w

∗, a∗) = y1

∫
uw(w∗, a∗)h(x)f(x, a∗)dx > 0.

ÏdMFCQ�å5�¤á§lk.�¦f�3(Gauvin,1977[7])"Ïd(z, a) = (0, a∗)´

.�KF¼êL(w∗ + zh, a;λ, µ)���½:"@o§Q,��^�éu?¿h(x) > 0Ñ

¤á {
∂
∂zL(w∗ + zh, a∗;λ, µ)

∣∣
(z,a)=(0,a∗) = 0

∂
∂aL(w∗ + zh, a∗;λ, µ)

∣∣
(z,a)=(0,a∗) = 0

Ïd��^�(2.3)3w∗?¤á(ÏdáuMHÜ�)¿�(AE)¤á"
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2.3 lØÄ:�ÝwFOA±9ãåY²�¢�

·�y3wãåY²´ÄU
ý��MHÜ�¤¢�"XJa ∈ aBR(w∗(x, a)), �

=a´N�aBR(w∗(x, ·)) : A ⇒ A���ØÄ:§@ow∗(., a)´¢�ãåY²a����

`Ü�"ùp§Ü�p�ëêa ����n<��`�A�p��§Ï�w∗(., a) ´¯

K(P2)��`)§ÏdØ�Uk'§���÷<�pÂÃ�Ü�"lù�¿Âþ`§�

¦FOA k�§��N�aBR(w∗(x, ·)) : A⇒ A �kØÄ:"k�Uz�aÑ´ØÄ:§�

k�U�kÜ©�ØÄ:§FOA�k�5�¿©7�^�´fÐ(P2)��`)a∗´��

ØÄ:"·�òù�*	�ª/Lã�±e½n"

½n 2.1 b½A1-A3¤á§KFOAk���=���k��a∗ ∈ [0, a]¦�

(i) a∗ ∈ arg max
a∈A

∫
v(π(x)− w∗(x, a))f(x, a)dx (RO)

Ú

(ii) a∗ ∈ aBR(w∗(., a∗)), (FP)

ùpw∗(x, a) ´÷vIRÚRIC�å�MHÜ��d(MH∗) ¤½Â"

Proof ¿©5

éw,§Q,a∗ ∈ aBR(w∗(., a∗)), ù`²(w∗(., a∗), a∗)3�¯K��18p§Ó´§

q´�t¯K�)§Ïd§�½´�¯K(P1)�)§¤±FOAk�"

7�5XJFOAk�,�â½Â,¯K(P1)Ú(P2)�d§éu.�KF¼ê(2.1),·�

k

max
(w,a)∈F

V (w, a) = max
a∈A

V (w∗(., a), a) = max
(w,a)
{V (w, a) : (IR) and (RIC)}.

Ïdü�^�Ñ��÷v"

wå5½n2.1ØE,§�lù��Ý§²;©z¥y²FOAk��E,L§�±�

��{z"·��±r½n2.1Ú�Û]5�{��'�"XJ�n<��^´�Û]�§

@oz�a ∈ [0, ā] Ñ´��ØÄ:a ∈ aBR(w∗(., a)), ùwå5´��'����^�"

¢Sþ§l�÷<��Ýw§̈ Ø3�´Äa /∈ arg maxa∈A V (w∗(., a), a)´��ØÄ:§̈

�3�a∗ ∈ arg maxa∈A V (w∗(., a), a)´Ä´��ØÄ:"ù�§y²ØÄ:��35��

U´»'�Û]5��´L"·��¡BJÑ�
ÄuØÄ:�{��
A^"

3 ØÄ:�{À�e�FOAk�5

3�!¥§·�^ØÄ:�{5�KDÚ�{¥õ{���5^�"Ù¥'�

����5^�´�
�]C�§�÷<¤Jø�Ü��¦´5güN4O�f�m§

MHÜ�%�7áuù��¼êf�m§3ù«�¹e§�Û]5q�Ã{�±�y"

,��¡§Rogerson (1985)[23] é@Ò5¿�§XJ�Ñ�©ÙØÎÜüNq,Ç5

�(the monotone likelihood ratio property, MLRP)§��÷<�ºx5;�§�n<�

UGÑ�ãå§Ý'�÷<¤�����p§ù��ÿRIC�åéA�.�KF¦f�

U´K�§3Rogerson (1985)[23]��{e§Ã{y²(P3)�(P1)�d"3�Ñ´���
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�¹e§ù«�/�±^MLRPÚà5©Ù¼ê^�(Convex Distribution Function Con-

dition§CDFC)5üØ§�XSinclair-Desgagne (1994)[24]¤�Ñ§3õ��/e§MLRPØ

U�yRIC �å3V�t¯K(P3) e�´;�"3©z¥§ïÄö�JÑ�����

�ÅÓ`Vg5�y�÷<��^¼êV (w, a)3aþ4O§�½w(x)3xþ�~"·�5

¿�lØÄ:��Ý§�Nµ�K���vk7�"

·�k0�A�I�¦^��ÅÓ`�Vg"

3.1 A�Vg�½Â

3©z¥§±e�
Vg�²~¦^(�Sinclair-Desgagne, 1994[24]; Conlon, 2009a[2])"

é?ÛeIh, ^x−h 5Pxh§�	�&Ò§¿P

Q(x0h,x−h; a) =

∫
xh>x0

h

f(xh,x−h; a)dxh

���z�þ\È©Ù�§§lx0hm© þ\È"Sinclair-Desgagne (1994)[24] �
±e

b�:

½Â 3.1 ��z�ÅÓ`(Generalized Stochastic Dominance (GSD)): ���3��

�Ih ¦�é¤k�x0hÚx−h§Q(x0h,x−h; a)éa�4~§"

½Â 3.2 ��z�þ\È©Ù¼ê]5(Generalized Concave (Upper) Distribution

Function Condition (GCDFC)):���3���Ih§Q(x0h,x−h; a)éa´]�§é¤kx0hÚx−h"

üNq,Ç�±½ÂXe(The monotone likelihood ratio property (MLRP)) :

½Â 3.3 ©Ù¼êf(x, a)÷vüNq,Ç5�§XJé?¿a, la(·; a) �4~"

ÄuConlon (2009a)[2]�½Â§��8ÜE ⊆RK�¤�4O8§XJx ∈ E Úy > x

Û¹
y ∈ E"Äuù�½Â§±e�Vg�±w�´GSD�í2"

½Â 3.4 ©Ù¼êf(x, a)÷v4O8VÇ�4~(the nondecreasing increasing-set prob-

ability (NISP)),XJéz�4O8E, �ÅCþá\T8Ü�VÇPr(x̃ ∈ E |a )Ø�aO\

4~"

NISP'GSD����§�k�ÿ'MLRPf§�Ï´MLRPÏ~������K5

¤Û¹§=TP2 (?�Ú�?Ø�Conlon, 2009a[2])"NISP¿�X?Û�4~�¼ê�Ï"

�3©Ù¼êf(x, a)e�éaó��4~§ù�¿Âþ`§äk/�OC�0�5�"A

O/§3ü���ÅCþ�¹e, NISPC¤���ÅÓ`(first-order stochastic dominance

(FOSD)),��3²L�ÚO¥2�¦^�Vg"�A/§��^�5�GCDFC ��±

�Conlon (2009a)[2] ¤ÿÐµ

½Â 3.5 ©Ù¼êf(x, a)÷v4O8VÇ]5)(the concave increasing-set probability

(CISP))§XJéz�4O8E, �Åá\T8Ü�VÇPr(x ∈ E |a )éa´]�"

u´Conlon (2009a)[2]^MLRPÚCISP5y²�n<Ï"�^¼ê��Û]5§?

y²FOA k�"·�e��!òy²MLRP¢Sþ´õ{�"
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3.2 ·ÜVÇ�.

·ÜVÇ�.´�|VÇ©Ù�à|Ü:

f(x, a) = α(a)p1(x) + (1− α(a))p2(x), (3.1)

ùpα(.)´,«R+ �[0, 1]�4O¿��ëY��]¼ê§¿�÷vα(0) = 0 Úα(1) = 1,

�pi(x) > 0 (i = 1, 2)§Ø�ª��éuk
x ∈ X .´î��"yk©z�(J8(Xeµ

^� 3.1 (Sinclair-Desgagne, 1994[24]).b½�n<�^3�©l¿�v(.) Úu(.) Ñ

´4O!î�]�§@o, éu©Ù¼ê(3.1), ep1(x)
p2(x)

3x ∈ X (i.e., MLRP)þ�4

~,�GSD^�÷v, KFOA k�.

·ÜVÇ�.�c�@�´�«÷vCDFC�©Ù(Grossman and Hart, 1983[8]; Hart

and Holmstrom, 1987[9]; Sinclair-Desgagne, 1994[24]). �3Rogerson (1985)[23]±9Hart

ÚHolmstrom (1987)[9] �y²¥,�øÀJ�ü«©ÙLuAO§I�÷v�©���^

�§�=ü�©Ù7LUìMLRPüS,äkér�Û�5§AO3õ&Ò��/e§�

�k©ÙU
÷vMLRPüS"~X, p1(x) ±9p2(x) Ñ´��©Ù�Ý¼ê, Ó�p1(x)

�'up2(x) äk���þ�Ú��,Kùü�©ÙBØ÷vMLRP"ep1(x) Úp2(x) ä

kØÓ�¼ê/ª(e.g., �«��ê©Ù§,�«�éê��©Ù)§ù«�¹eMLRP¬

�\J±��÷v"3����©Ù�,=¦p1(x1, x2) !p2(x1, x2)����Ó§���'

XêØÓ§KMLRPÒÃ{÷v"·��e5ò�KMLRP^�5y�FOA�k�5"

5� 3.1 b½A1-A3¤á§¿�u(w, a)÷vuwa 6 0 ±9uwwa 6 0"Kéu·ÜVÇ

�.(3.1), FOA 3e5�/ek�µ(i)�÷<�ºx¥5¶½ö(ii)�n<��^¼ê´

�©l��Xu(w, a) = u(w)− c(a)"

Proof MHÜ�e�n<�Ï"�^¼ê���

U(wλ,µ(., a), ã) =

∫
u(wλ,µ(x, a), ã)[α(ã)p1(x) + (1− α(ã))p2(x)]dx.

Ïd,

Uaa(wλ,µ(., a), ã) = α′′(ã)

∫
u(wλ,µ(x, a), ã)[p1(x)− p2(x)]dx︸ ︷︷ ︸

A

(3.2)

+2α′(ã)

∫
ua(wλ,µ(x, a), ã)[p1(x)− p2(x)]dx︸ ︷︷ ︸

B

+

∫
uaa(wλ,µ(x, a), ã)[α(ã)p1(x) + (1− α(ã))p2(x)]dx︸ ︷︷ ︸

C

.

�âb�uaa 6 0 §�C��"·�©±eü«�¹?Ø"

(i) XJ�÷<´ºx¥5�,Kx�¬ÏLK�'~q,'~p1(.)
p2(.)
5K�wλ,µ(x, a) "

Äk·�òy²(P2)�¦fµé?¿a > 0Ñ´�K�"�âíØ2.2,é?¿�a,Ñ�3�
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���|¦f(λ(a), µ(a)). ÏL$^Rogerson (1985)[23]�²;y², XJ(P2|a )�(P3|a )

�d, @oRIC �å^��¦fµ∗(a) > 0. �XJ(P2|a )�(P3|a ) Ø�d, 7,¿�

X(P2|a )�¦f�Kµ∗(a) < 0�(P3|a )¦f�0§=µ = 0±9Ua(wλ∗(a),0(., a), a) > 0"�

´, �µ = 0, wλ∗,0(x, a) C�~ê, Ò¬k

Ua(wλ∗(a),0(., a), a) =

∫
ua(wλ∗,0(x, a), a)f(x, a)dx < 0,

ù�RIC�gñ"Ïd§é?¿�a > 0, µ∗(a) > 0.

1�Ú, ·�y²é?¿�µ > 0, Ua(wλ,µ(., a), ã) 3ãþ´�Û]�§¤±?¿8I

ãåY²a∗ Ñ�±¤�ØÄ:"

-r(q, µ, a) > w )e�'uw ��§

1

uw(w, a)
− µuaw(w, a)

uw(w, a)
= q, (3.3)

�âb�A1-A3,�½(λ, µ) §r(q, µ, a)3qþ´4O�"Ïd, �µ > 0 �, ��p1(x) >

p2(x),

r(λ+ µ
α′(ã)(p1(x)− p2(x))

α(ã)p1(x) + (1− α(ã))p2(x)
, µ, ã) > r(λ, µ, ã)

ùp§r(λ, µ, ã) �~ê"u´k,∫
u(wλ,µ(x, a), ã)(p1(x)− p2(x))dx > u(r(λ, µ, ã), ã)

∫
(p1(x)− p2(x))dx = 0

±9 ∫
ua(wλ,µ(x, a), ã)[p1(x)− p2(x)]dx 6 ua(r(λ, µ, ã), ã)

∫
[p1(x)− p2(x)]dx = 0.

u´

Uaa(wλ,µ(., a), ã) 6 0 (3.4)

Ó�(3.4)�k3wλ,µ(x, a) �~ê����Ò"XJwλ,µ(x, a)�~ê, KFOAk�. ÄK,

é?¿�(a, λ)§Ua(wλ,µ(., a), ã) 3ã þ4~, Ó�kµ > 0§ÏFOAk�.

(ii) 3�©l�^¼ê/ªe, 5¿�α(.) ´]¼ê. Ïd, α−1(.) ´à¼ê, U

c(α−1(.)) �´à¼ê"ù�±ÏL#½ÂCþα �ÀJCþy�"Ïd§ØØ�

÷<� ÐXÛ§Ñ¬k

Uαα(wλ,µ(., α), α̃) = −c′′(α̃) 6 0,

lFOA k�.

XJ�n<��^¼ê´Ø�©�, �÷<�Ø´ºx¥5�, ·�Ó��±��

¦FOAk����'�uMLRP��°t�¿©^�"X3?¿4O8E¥§Pr1(x̃ ∈
E) > Pr2(x̃ ∈ E)"·�3�©¥Ñ�
ùÜ©(J(�Ke, 2010[16])"

�
`²ùpy²�{�ØÓ,·�£�Rogerson(1985)[23] ��{,=�y²�Ð¯

K�V�t��¯K��d5"ùÄk�yµ > 0"Ïd,I�nÜNISPÚMLRP^�
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5y²3�`�(w∗, a∗)e, Va(w∗, a∗) > 0"�3ØÄ:��Ýw§̄ ky²Va(w∗, a∗) >

0¿�7�"†† ¯¢þ,��÷<´ºx���,�âÜ©(ii), ·�#N3�`ÀJeµ < 0

��¹u)"Kirkegaard (2017a[18],2017b[19]) ^,�«�{3·ÜVÇ�.e���


�·�aq�(J"

3.3 ØI�CISP, NISP ±9MLRP ��ê©Ùx

ù��!·�òy²3�
a.��êx©Ù¼êe§MLRPÚNISP^�Ñ�±�

O�¤�°t��.^�, Ó�CISP�Ó��±��t"�ÄAÏ��êx/ª

f(x, a) =
eaη(x)κ(x)∫
eaη(x)κ(x)dx

. (3.5)

éu©Ù¼ê(3.5), ·��±rq,Ç�¤

la(x, a) = η(x)− Eη(x),

üNq,Ç�¦η(x)´üN�"CISP3üN�η(x) Ø�÷v"�
w�ù:§PX z =

{x : η(x) > z; z ∈ R}�þY²8§�.��z"3MLRPb�e§η(x)3xþ�4~(ù�

¿�XNISP)§ÏX z´��4O8"�´éu¿©��z

d2

da2
Pr(x ∈ X z |a ) =

∫
Xz

faa(x, a)dx =

∫
Xz

[(η(x)− Eη(x))2 − V ar(η(x))]f(x, a)dx > 0,

(3.6)

ù7½��CISP"‡‡ ·���Ä�¯K´§�ù�üN5Ø÷v��§�n<��^¼

ê´Ä�U�]¼ê"·�y²
§3vkMLRP ÚCISP��/e§��k

supx η(x)− Eη(x)√
V ar(η(x))

6 1, (3.7)

=, q,Ç�����uÙIO��, FOAk�"^�(3.7) �Î�U´Luî��^�§

���Ù�°
Ó�÷vCISP �MLRP�^�"

5� 3.2 b½�÷<ºx¥5§uwa 6 0 Úuwwa 6 0 �u(w, a)éw Úa ©O´]�"

XJ�êx(3.5) ÷v(3.7), KFOAk�.

Proof ·��:3uïÄ'u�ÅCþx�=�¼êη(.)"Äk§ÏLæ^3·K3.1�

Ü©(i)y²¤¦^L��Ó�g´§·��±y²(P2)¥�µ > 0"1�Ú§�Û]5�

±ÏL^�(3.7) ±Xe�{y²"·��±ò�8©�eü�Ü©: X− = {x : η(x) −
Eη(x) 6 −

√
V ar(η(x))} ±9X+ = {x : η(x) − Eη(x) > −

√
V ar(η(x))}. Ïd, �µ > 0,

††Jewitt(1988)[12] �y²ÏL�÷<ºx¥5��b�;�
ù�^�§�(Ø3õ�&Ò©ÙeØ
2·^"
‡‡±���&Ò�~§η(.) = x§5¿� faa

f
= l2a + laa = (x−m(a))2 − V ar(x)´x��g¼ê¿�üg

BLx¶§¤±Faa =
∫ x faa

f
fdx �xü��¿lþ� eBL,CDFCg,Ø�U÷v"
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é?¿�a, â, ±9ã, ·�k∫
u(wλ,µ(x, a), â)faa(x, ã)dx

=

∫
u(r(λ+ µ[η(x)− Eη(x)], µ, a), â))(η(x)− Eη(x))2 − V ar(η(x))f(x, ã)dx

6 u(r(λ− µ
√
V ar(η(x)), µ, a), â))

∫
X−

(η(x)− Eη(x))2 − V ar(η(x))f(x, ã)dx

+u(r(λ− µ
√
V ar(η(x)), µ, a), â))

∫
X+

(η(x)− Eη(x))2 − V ar(η(x))f(x, ã)dx

= 0.

Ù¥r(., µ, a) =�(3.3)p�½Â.

aq�§∫
ua(wλ,µ(x, a), â)fa(x, ã)dx =

∫
ua(r(λ+µ[η(x)−Eη(x)], a), â))(η(x)−Eη(x))f(x, ã)dx 6 0.

Ïd, Uaa(wλ,µ(., a), ã) 6 0. ÏL�·K3.1p�y²aq��{��, FOA k�"

3.4 Ù¦AÏa.

LiCalzi ÚSpaeter (2003) [20]JÑ
±ea.�©Ù:

F (x, a) = x+ β(x)γ(a), (3.8)

Ù¥x ∈ [0, 1], β(x) ´ u[0, 1] ��K, Ó�kβ(0) = β(1) = 0 ±9|β′(x)| 6 1, γ(a) ´

4~à¼ê"Conlon (2009b) [3]Ó��Ä
õ�©Ù�*Ð�¹(3.8).3LiCalziÚSpaeter

(2003)[20]@ÏïÄp,3Ó�÷vCDFC �MLRP ^���¹e, β(x) 7,´]¼ê. �

�â��©ØÄ:�{,]¼ê�b½´õ{�"

5� 3.3 b½�n<�^�©l¿b½u(.) Úv(.)´4O�î�]¼ê"XJx ∈ R,
π(x) ´�4~�, @oéu©Ù(3.8), FOAk�.

3.5 ~f

b½�n<À1�^¼ê´u(w) = 2
√
w§ãå�¤�¼ê´c(a) = a2§	Ü�3

�^U = 0§x ∼ N (a, a), ÎÜ��©Ù§ùpãåa ∈ [0, 1]Ó�K�
�Ñ�þ��

��"3ù�~f¥, q,Çla(x, a) = x2−a2−a
2a2 Ø÷v���ÅÓ`FOSD§�Ø�U÷

vMLRP"3MHÜ�e§�n<Ï"�^�¤

U(wλ,µ(., a), ã) = (
µ

a2
− 1)ã2 +

µ

a2
ã+ 2λ− µ,

Ïd§Ï"�^Ø´�Û]�"·�rü�¦f)Ñ5��λ∗(a) = 1
2a

2 and µ∗(a) = 2a3

1+2a ,

Ú

w∗(x, a) =

(
a2

2
+
a(x2 − a2 − a)

1 + 2a

)2
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ù�§���ª�Ï"�^

U(w∗(., a), ã) = − 1

1 + 2a
(ã− a)2

����`�AfÐ´a,�=ØÄ:

aBR(w∗(., a)) = a

Ïd3ù�~f¥§FOAk�§�`�)´a∗ = 0.627.

4 Ì�(Ø

�©JÑ�«lØÄ:��Ýw�FOAk�5��{"�yk�©z¥��{'§

ØÄ:�{�`³´�±�K�
�Û]5�{¥Ø7����5^�"�Kþ`§Ø

Ä:�{¿Ø�¦�n<�À1|G3�`ÜÓeäküN5±9�n<Ï"�^¼ê

��Û]5"·�y²
3VÇ·Ü�.¥(Holmstrom and Hart,1987[9])§FOAk��Ã

LMLRP ^�§±93�
AÏ��êxVÇ©Ù¼ê¥§CISPÚMLRPÑØ´FOA k

��7�^�"ù��{�ò5Ïé�����¦FOAk��^��m
��#I�"

XÛ|^�`�AN���
ÿÀ5�5ïÄØÄ:?&¢FOAò´ò5k��ïÄ

�K"

5 N¹

5.1 Lemma 2.1�y²

Proof 1�Ú k..�KF¦f��35

b½é?¿�a, (P2|a ) k)w̃∗ (w̃∗ �ÿ±9A�??ëY)"·�æ^C©{5y

²k..�KF¦f��35(?�Ú©Û�Luenberger, 1969 [21])"·�Äk�ÄRIC�

å^���Ò��¹§��2*Ð�Ø�Ò��¹"

1�©Ú y²é?¿�a§k..�KF¦f��35"

Ph(x) > 0 �?� l¼ê§÷vh(x̄) = h(x) = 0§�h(x) = 0XJw̃∗ = w"XJk

w̃∗ ∈ arg max
w
{V (w, a) : U(w, a) > U , Ua(w, a) = 0},

@o�±y²§é?¿�h(x) > 0,

0 ∈ arg max
z∈R
{V (w̃∗ + zh, a) : U(w̃∗ + zh, a) > U , Ua(w̃∗ + zh, a) = 0}.

�âÉ�å���z¯K�E'uz ∈ R�.�KF¼ê,

L(w̃∗ + zh, a;λ, µ) = V (w̃∗ + zh, a) + λ[U(w̃∗ + zh, a)− U ] + µUa(w̃∗ + zh, a),

5¿�duuw(., a) > 0 § ∂
∂zU(w̃∗ + zh, a) > 0 ±9duv′(.) > 0, ∂

∂zV (w̃∗ + zh, a) < 0 ;

Ïd�3.�KF¦f�þ(λ, µ)§¦�÷v��z�z∗ = 0 Ó��´L(w̃∗ + zh, a;λ, µ)

�½:, i.e.,
∂

∂z
L(w̃∗ + zh, a;λ, µ) |z=0 = 0
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±9±eü��å^�

λ[U(w̃∗ + zh, a)− U ] = 0, λ > 0, U(w̃∗ + zh, a) > U

Ua(w̃∗ + zh, a) = 0

3z∗ = 0 ��Ó�÷v.

qÏ�§é?¿�h(x) > 0§Ñk ∂
∂zL(w̃∗ + zh, a;λ, µ) |z=0 = 0 , qk| ^

�f(x,a) > 0 A�??÷v, ·�k∫
{−v′(π − w̃∗) + λuw(w̃∗, a) + µ[uaw(w̃∗, a) + uw(w̃∗, a)la]}h(x)f(x,a)dx = 0,

ù�Ñ
��^�

−v′(π − w̃∗) + λuw(w̃∗, a) + µ[uaw(w̃∗, a) + uw(w̃∗, a)la] = 0 (FOC)

��w̃∗ > w§�½~êλ Úµ"w,, w̃∗ áuMH Ü��a., Ó�~êλ �µ �÷v±

eü��å^�

Ua(wλ,µ(., a), a) = 0

±9

λ[U(wλ,µ(., a), a)− U ] = 0, λ > 0, U(wλ,µ(., a), a) > U

P(λ(a), µ(a)) ��½ae÷vþãü��å^��(λ, µ) �8Ü"

1�©Ú (λ(a), µ(a))�þ�ëY5�à5

l1�©Ú��, Ï�.�KF¦f�3, é?¿�(λ, µ) ∈ (λ(a), µ(a)), ��z¯K

�)wλ,µ(., a) Ò´.�KF¼ê�½:

L(w, a;λ, µ) = V (w, a) + λ[U(w, a)− U ] + µUa(w, a).

Ó�, (λ, µ) �´eã�§|�){
λ[U(wλ,µ(., a), a)− U ] = 0, λ > 0, U(wλ,µ(., a), a) > U

Ua(wλ,µ(., a), a) = 0.

5¿�§�â���½n§U(wλ,µ(., a), a)�Ua(wλ,µ(., a), a)3(λ, µ)þ´þ�ëY5(upper

hemi-continuous)�Ïd, 8Ü(λ(a), µ(a)) 3a �´þ�ëY5�"

·��e5y²à5"5¿�z∗ = 0 ´'uz�¼êL(w̃∗ + zh, a;λ, µ)�½:"Ï

d§év
��«m[0, ε), z∗ = 0 ´¼êL(w̃∗ + zh, a;λ, µ) �ÛÜ4�(���½ö��

�)"XJ(λ∗, µ∗) Ú(λ∗′, µ∗′) ´'u(P2|a ) �ü�.�KF¦f, Ké?¿�α ∈ [0, 1],

·�k

V (w̃∗, a) = αL(w̃∗, a;λ∗, µ∗) + (1− α)L(w̃∗′, a;λ∗′, µ∗′)

= α · exe
z∈[0,ε)

L(w̃∗ + zh, a;λ∗, µ∗) + (1− α) · exe
z∈[0,ε)

L(w̃∗ + zh, a;λ∗′, µ∗′)
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Ù¥exe�L4�"Ïd, z∗ = 0´L(w̃∗ + zh, a;αλ∗ + (1−α)λ∗′, αµ∗ + (1−α)µ∗′)'uz

�½:§Ó�α(λ∗, µ∗) + (1− α)(λ∗′, µ∗′) ÷vpÖtµ^�{
λ[U(wλ,µ(., a), a)− U ] = 0, λ > 0, U(wλ,µ(., a), a) > U

Ua(wλ,µ(., a), a) = 0.

��,·���(ØµXJ(λ∗, µ∗), (λ∗′, µ∗′) ∈ (λ(a), µ(a)),@oα(λ∗, µ∗)+(1−α)(λ∗′, µ∗′) ∈
(λ(a), µ(a)), ù¿�X8Ü(λ(a), µ(a))´à�.

1n©Ú'ua ��`z.

e�Ú3uÀJa 5¢y

max
a
{V (wλ,µ(., a), a) : (λ, µ) ∈ (λ(a), µ(a))}, (A1)

Ù¥wλ,µ(., a) �LL(w, a;λ, µ)�½:"w,§ù��a∗ �3§Ï�8I¼ê´þ�ë

Y¼ê"

1�Ú RIC�Ø�Ò��¹

�k�a ∈ {0, ā} �§RIC �å^�â�UØ��Ò"Äk§éua = 0,�âb

�U(w, 0) = U ,·��±���KRIC�å§w =��`)"¤±�I��Äa = ā"ù

�§(P2|a ) �dueã{ü¯K

max
w
{V (w, a) : U(w, a) > U}.

·��±^aq1�Ú��{5y²λ(a) �à5, Ù¥µ(a) = 0 ®�Ñ"

5.2 íØ2.1�y²

Proof ùÜ©�y²ò3y²
íØ2.2 �2?1(y²�N¹5.3)"

5.3 íØ2.2�y²

Proof 1�Ú:lλ �µ �N�

c©®b½u(., a)Úv(.)�]¼ê, ua 6 0, uaw 6 0,±9uaww 6 0,Ïd§XJµ > 0§

@o v′(π−w)
uw(w,a) − µ

uaw(w,a)
uw(w,a) 3wþ´üNO¼ê"Ïd¯K�)wλ,µ(., a) ��§��½�a

§wλ,µ(., a)é(λ, µ) ëY¿A�??��"·�ÄkÏéé?¿�½µ e��`λ "5¿

�é?¿�a ±9µ, ��wλ,µ(., a) > w,

∂wλ,µ(., a)

∂λ
= − u2w

(v′′uw + v′uww) + µ(uawwuw − uawuww)
> 0,

Ù¥§duuaww 6 0 Úuaw 6 0,¤±©1�K§Ó�'uw���^��±÷v"Ï

d§
∫
u(wλ,µ(x, a), a)f(x, a)dx 3λþî�4O"¤±, ØØU(wλ,µ(., a), a) = U k��

)λ > 0 ½öU(wλ,µ(., a), a) > U é?¿�λ (�ö¿�Xλ = 0)"ØØXÛ, λ ��, P

�λ(a, µ) §�â��5, λ(a, µ) 3µþëY¿A�??��"

1�Ú: ¦)µ

5¿���wλ,µ(., a) > w,

∂wλ,µ(x, a)

∂µ
= − u2w

(v′′uw + v′uww) + µ(uawwuw − uawuww)
(la +

uaw
uw

).
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XJλ(a, µ) = 0, é?¿�½�a,

∂

∂µ
[u(w0,µ(x, a), a)la(x, a) + ua(w0,µ(x, a), a)]

= −(uw + uawla)2
uw

(v′′uw + v′uww) + µ(uawwuw − uawuww)
> 0,

Ù¥���1�©1�âwλ,µ(x, a)�½ÂÓ��K"Ïd§

Ua(w0,µ(x, a), a) =

∫
[u(w0,µ(x, a), a)la(x, a) + ua(w0,µ(x, a), a)]f(x, a)dx

3µ þî�4O.

�e5y².�KF¦fµ ��35. 5¿��µ → −∞, é?¿�λ = 0, ��^

�(2.3)¿�X

wλ,µ(x, a) =

{
∞ if la(x, a) < 0

w if la(x, a) > 0.

Ïd§3�½la(x, a) < 0k�VÇ�^�e. U(w0,µ(x, a), a) > 0"�â½Â§·�

kλ(a,−∞) = 0. Ïd, �µ→ −∞,∫
u(wλ(a,µ),µ(x, a), a)fa(x, a)dx +

∫
ua(wλ(a,µ),µ(x, a), a)f(x, a)dx < 0.

XJµ→∞, aq/§·�Ó�kλ(a,∞) = 0 ±9

wλ,µ(x, a) =

{
∞ if la(x, a) > 0

w if la(x, a) < 0.

¤±§ ∫
u(wλ(a,µ),µ(x, a), a)fa(x, a)dx +

∫
ua(wλ(a,µ),µ(x, a), a)f(x, a)dx > 0.

�½Ua(wλ(a,µ),µ(x, a), a)3µþëY,�â¥�½n§�3µ÷vUa(wλ(a,µ),µ(x, a), a) = 0

"

�e5·�y²÷vUa(wλ(a,µ),µ(x, a), a) = 0 �µ ��"b�Ø��§@o§�3�

�ü�'u(P2|a )��`)(3�ÿÝ8þØÓ)"�âL(., a;λ, µ1)�ü¸5�£Å:¤§·

�k

V (wλ(a,µ1),µ1
(., a), a) = max

w>w
L(w, a;λ(a, µ1), µ1) > L(wλ(a,µ2),µ2

(x, a), a;λ(a, µ1), µ1)

±9

V (wλ(a,µ2),µ2
(., a), a) = max

w>w
L(w, a;λ(a, µ2), µ2) > L(wλ(a,µ1),µ1

(x, a), a;λ(a, µ2), µ2).

òþãüØ�ª\o¿��E���

λ(a, µ1)[U(w1, a)− U ] + µ1Ua(w1, a) + λ(a, µ2)[U(w2, a)− U ] + µ2Ua(w2, a)

> λ(a, µ1)[U(w2, a)− U ] + µ1Ua(w2, a) + λ(a, µ2)[U(w1, a)− U ] + µ2Ua(w1, a),
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Ù¥wi = wλ(a,µi),µi(., a).

5¿�λ(a, µ1)[U(w1, a)− U ] = λ(a, µ2)[U(w2, a)− U ] = 0, þã�Ø�ªC�

(µ1 − µ2)[Ua(w1, a)− Ua(w2, a)] > λ(a, µ1)[U(w2, a)− U ] + λ(a, µ2)[U(w1, a)− U ].

qÏ�U(wi, a)− U > 0 ±9λ(a, µi) > 0, ¤±m>�o´�K�"¤±·�k

(µ1 − µ2)[Ua(w1, a)− Ua(w2, a)] > 0,

ù�b�Ua(w1, a) = Ua(w2, a) = 0 gñ"

AO/, ��÷<´ºx¥5�, ·��±y²§�µ = 0�, é�
λ(a, 0) > 0,

Ua(wλ(a,0),0(., a), a) < 0, ÏdRIC�å^��.�KF¦f��"

·��e5y²íØ2.1"��^¼ê�©l�§uaw = uaww = 0,Ïd�3��÷v

��^�(2.3)�MHÜ�wλ,µ(x, a) §Ø+µ �ÎÒ´Ä��"w,,
∂wλ,µ(.,a)

∂λ > 0 §¤±

�{Ü©y²Ón"

5.4 ·K3.3�y²

Proof Äu½n2.1, XJUy²±eü��^�§KFOAk�∫
u(w∗(x, a))fa(x, ã)dx− c′(ã) <

∫
u(w∗(x, a))fa(x, a)dx− c′(a) = 0 if ã > a (SCC)

éu?¿ã, a ∈ A, ���,"̂ �(SCC) ¿�X3MHÜ�w∗(x, a)e,�n<�Ï"�^

¼ê´ü¸�"XJã > a, Kc′(ã) > c′(a), ��y∫
u(w∗(x, a))fa(x, ã)dx <

∫
u(w∗(x, a))fa(x, a)dx if ã > a,

���,"éu©Ùu¼ê(3.8), ·�k

fa(x, a) = β′(x)γ′(a)

Ï ∫
u(w∗(x, a))fa(x, ã)dx =

γ′(ã)

γ′(a)

∫
u(w∗(x, a))fa(x, a)dx.

5¿��
∫
u(w∗(x, a))fa(x, a)dx = c′(a) > 0 Úγ′(ã)

γ′(a) 6 1��=�ã > a, ¤±ü��^

�(SCC)¤á"¤±FOAk�"ù�(J��±í2�õ�&Ò�~f§ÃXF (x, a) =∑
αixi + β(x)γ(a).

ë�©z

[1] Alvi E. First-order approach to principal-agent problems: a generalization[J]. The Geneva

Papers on Risk and Insurance Theory, 1997, 22(1): 59-65.

[2] Conlon J R. Two new conditions supporting the first-order approach to multisignal principal-

agent problems [J], Econometrica, 2009a, 77(1): 249-278.



xxÏ V�5y���^��{µ±��ºxnØ�~ 19

[3] Conlon J R. Supplement to ‘Two new conditions supporting the first-order approach to mul-

tisignal principal-agent problems’, Econometrica Supplementary Material, 2009b, 77, http:

//www.econometricsociety.org/ecta/supmat/6688\_proofs.pdf.

[4] Dempe S. Foundations of bilevel programming[M]. Springer Science & Business Media, 2002.

[5] Dempe S, Zemkoho A B. Bilevel optimization: advances and next challenges[M]. Springer 927

Optimization and its Applications, 2020, vol. 161.

[6] Fagart M C, Sinclair-Desgagne B. Ranking contingent monitoring systems[J]. Management

Science, 2007, 53(9): 1501-1509.

[7] Gauvin J. A necessary and sufficient regularity condition to have bounded multipliers in non-

convex programming[J]. Mathematical Programming, 1977, 12(1): 136-138.

[8] Grossman S J, Hart O D. An analysis of the principal-agent problem[J]. Econometrica, 1983,

51: 7-45.

[9] Hart O, Holmstrom B. The Economics of Contracts[C]//Advances in Economic Theory: Pro-

ceedings of the Fifth World Congress of the Econometric Society, ed. by Bewley T F. Cam-

bridge, U.K.: Cambridge University Press, 1987.

[10] Holmstrom B. Moral hazard and observability[J]. The Bell journal of economics, 1979, 10:

74-91.

[11] Jung J Y, Kim S K. Information space conditions for the first-order approach in agency prob-

lems[J]. Journal of Economic Theory, 2015, 160: 243-279.

[12] Jewitt I. Justifying the first-order approach to principal-agent problems[J]. Econometrica:

Journal of the Econometric Society, 1988, 56: 1177-1190.

[13] Jewitt I, Kadan O, Swinkels J M. Moral hazard with bounded payments[J]. Journal of Eco-

nomic Theory, 2008, 143(1): 59-82.

[14] Kadan O, Reny P J, Swinkels J M. Existence of optimal mechanisms in principal-agent prob-

lems[J]. Econometrica, 2017, 85(3): 769-823.

[15] Ke R. Essays on Contract Theory[D]. Ph.D Thesis, MIT, 2009.

[16] Ke R. A fixed-point method for validating the first-order approach[R]. Working Paper, Chinese

University of Hong Kong, 2010.

[17] Ke R, X Xu. On the existence of optimal contract in the pure moral hazard problems[R].

Working paper, Zhejiang University, 2021.

[18] Kirkegaard R. Moral hazard and the spanning condition without the first-order approach[J].

Games and Economic Behavior, 2017a, 102: 373-387.

[19] Kirkegaard R. A unifying approach to incentive compatibility in moral hazard problems[J].

Theoretical Economics, 2017b, 12(1): 25-51.

[20] LiCalzi M, Spaeter S. Distributions for the first-order approach to principal-agent problems[J].

Economic Theory, 2003, 21(1): 167-173.

[21] Luenberger D G. Optimization by vector space methods[M]. New York, USA: John Wiley &

Sons, 1969.

[22] Mirrlees J. Theory of moral hazard and unobservable behavior: Part I[J]. Review of Economic

Studies, 1975 or 1999, 66: 3-21.



20 �J4§Ü? xxò

[23] Rogerson W P. The first-order approach to principal-agent problems[J]. Econometrica: Journal

of the Econometric Society, 1985, 53: 1357-1367.

[24] Sinclair-Desgagne B. The first-order approach to multi-signal principal-agent problems[J]. E-

conometrica: Journal of the Econometric Society, 1994, 62: 459-465.

[25] �J4,oA.¿0dAK�ê�nØ/os0.ã#*:, 2016. [2016-10-25] https://opinion.

caixin.com/2016-10-25/101000367.html

[26] m�u. Ø��ê�nØé¥IU��é&. ã#Æ�, 2016. [2016-10-11] http://niehuihua.

blog.caixin.com/archives/152331


