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Abstract

Based on traditional H-M principal-agent model and introduction of specific task ability,
optimal incentive model with the specific task ability is established. the first best contract under
symmetric information and the second best contract under asymmetric information are given.
And the better specific task ability is, the higher incentive intensity is; the higher the risk aversion

level and uncertainty are, the lower incentive intensity is.
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1. Introduction

Principal-agent theory is one of the most important contact theory in 30 years which is
developed through research on asymmetric information and incentive problem inner-enterprise by
lots of economists. It studies principal-agent relationships in the aspect other than general micro-
economics and has a better explanation on some organization phenomena than traditional micro-
economics. Its core task is how consignor design the best contact to incentive agent and direct
agent to design the salary incentive mechanism to make agent work with consignor's will under
asymmetric information and interest conflict. Holmstrom & Milgrom (1991) [1-2] extended
traditional single task to multi-task and give an analyzing frame of multi-task principal-agent.

After that lots of scholars studied and expanded with this theory [3-8].
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In this paper, the specific task ability is introduced, hypothesis of agent has same ability to
different tasks in traditional model is expended and multi-task principal-agent model with
specific task ability is established. After solving the model, the first best contract under
symmetric information and the second best contract under asymmetric information are given and

impact analysis of relative incentive intensity and effort intensity is done.

2. Model
2.1 Basic Hypothesis

H1: (e1, e2) is effort vector of the agent, where e1, e; are effort level of the agent is
conducting the different tasks. The principal can observe the agent's effort level but the agent's
effort intensity.

H2: the ability of the agent in different tasks are different, so introduce the specific task

1 1
ability, so the cost function is, C(&,€,) = 5601912 +§(02922 , where C(e1, e2) is strictly incremental

convex function ,which satisfies 0C /e, >0and 0°C /e’ > 0 with i=1, 2.
H3: output of two tasks of the agent are Si= e1+61 and S;= e2+62, where 61, 62 are random
disturbance terms which ¢ : N(O, 012), 6,: N(0,0,°) and ;" >0, o," >0 define the degree

of uncertainty.
H4: the principal provide the following linear salary incentive contact to incentive the agent
w=o+ b1S1+ b2S,, where a is fixed salary, b1, b2 are extra payment of agent.

H5: the principal is risk neutral while agent is risk aversion. The agent has constant absolute

"

_ M
risk aversion utility function, which is x=-ePCl where p—-;>0

is absolute risk aversion

coefficient and reservation utility is U .

2.2 The Revenue

(1) The principal revenue
Based on H5, the principal is risk neutral, so the expected income of the principal is

E(S,+S,)=E(e,+6 +e,+6,)=¢ +e,

So the expected net income of principal is
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E(S,+S,)-E(w)=E(e,+6,+e,+6,)-E(a+bS,+b,S,)=(1-b)e, +(1-b,)e, —«

(2) The agent revenue
The expected income of the agent is

E(wW)=E(ax+bS,+b,S,)=a+be +h,e,
Based on hypothesis 5, the agent is risk aversion, so the certainty equivalence is

1 1 1
? _E%ezz _prlzo-lz _EIObzzo-z2

CE=a+be +he, —%(plel
2.3 Model Establishment
Under symmetric information, the principal can clearly observe the effort level of the agent,

so the first best incentive model is

_max (1_b1)el + (1_ bz)ez -
aby b, 8.8

1 1 1 1 _
st.(Da +Dbe, +bye, - 5 P, ) P,8," — prfo-lz - E:Obzzdz2 >U(IR)

where (1) is individual rationality constraint.
Under asymmetric information, the principal cannot clearly observe the effort level of agent,

so the second best incentive model is

_max_(1-b)e +(@1-Db,)e, ~«a
a,bb, 8.8

1 1 1 1 _
st.(Da +be, +be, —Egolelz —~ E(ozezz —~ prlzo-l2 - przzazz >0 (IR)

1 1 1
2-Z (02622 - E pb120-12 - E pbzzgzz (1C)

(2)(e,,e,) eargmax o +be, +b.e, —%gplel 5

where (2) is incentive compatible constraint.
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3. Model Solve
3.1 The First Best Contract

Proposition 3.1 Under symmetric information, the first best contract that principal can
provide to the agent is fixed-wage system.
Proof. Under symmetric information, the first best contract that principal can provide is

solution of the following optimal model;

_max (1-b)e +(1-b)e, -«
ab b, 8.8

1 1 1 _
~08, _prlzo-lz _przzo-z2 >U(IR)

st.(Da +be, +be, —%golef -

When individual rationality constraint take equal sign,

_ 1 1 1 1
a=U-hbe —be,+ E (olelz + E (Pzezz + E pblzo-lz + E pb220'2

1)
Then
1 1 1 1 _
u p =6 t6€ _E(/’lelz _E%ezz _prlzo-lz _przzo-z2 —u
So we have
1 2 1 > 1 ., 1 5 5,
bl'E’aq)](ez & +6 5 P& _E(/’zez 2 pboy 5 pb, oy~ @

From the first order condition of incentive intensity b1, b, of equation (2), we have
—%,00'12 -2b =0 —%pazz -2b, =0

So
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B =0 b,=0 @)

From the first order condition of effort intensity e, e of equation (2)

1-pe :01 1-p8,=0

So
_ 1 _ 1
& =— §&=—
2] @, (4)

substitute the equation (3) and (4) into (1), then

a :u-l_E(olel +E¢zez

1

3.2 The Second Best Incentive Contact

Proposition 3.2 Under asymmetric information, the second best contract that principal can

provide to the agent is

1 1
n % n %
b, = - b, = :
=+ po) —+po,’
1 ?,

The effort intensity are

189



1 1

5 _ 2! 5 — ?,
g =—7 ~ ¢ ] :
@1(;"‘%’01 ) @,(—+ po,”)

1 ?,

The fixed salary is,

- 1= 15 1=, 1 = 5
a=0-—->"bh"————b"+= o, +=ph o
2¢1b1 20, ) Zpbl 1 2:0 b O,

Proof. Under asymmetric information, the second best contract that principal can provide is
solution of the following optimal model,

_max (1_b1)e1 + (1_b2)ez -
ab by 8

st.(Da +be, +bye, _%¢1e12 _%%ezz - _%pblzo-lz - %pbzzo'zz > U(IR)

1 1 1 1
(2)(e,,€,) earg rg%:( a+be +bye, _§¢1e12 _E%ezz __prlzalz _przzo'zz(lc)

from the first order condition of incentive compatible constraint in the model, we have

(B o
% 2 (5)
Take the equation (5) into the individual rationality constraint of the model
_ 1 1 1 1
a=U-be —-be,+~ (/’1612 = (02622 +- pblzo_lz +- pb22622
2 2 2 2
(6)
substitute the equation (5) and (6) into the objective function
maxﬂ"'ﬁ_u_iblz _ibzz _lpblzo_lz _lpbzzo-z2
b @ @, 2¢, 2¢, 2 2
(7)

from the first order condition of the incentive intensity bi, b, of the equation (7), then
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%_blg%_pblo-lz =0 i_bzi_pbzo-zz =0
1 1

) ®,
SO
1 1
- Q - Q
bl = : b2 1 2
=+ po) —+po,’
il ?,

Substitute the incentive intensity b1, b2 into a, e, > and get

1 1
él — 1 ¢l ég — 1 ¢2
¢1(7+po-12) ®, (—+p0'22)

1 D,

so the fixed salary is

— 1 2 1 i~ 2 1 h2 2 1 h2_2
a=0-—Dh"——b, " +=pb’c,’ += pb,°c
2¢1b1 20, ) Zpbl 1 2:0 b O,

4. Comparative Static Analysis
Corollary 4.1 The better specific ability is, the higher incentive intensity is. Namely

gL

o, , op,

Proof. From the Proposition 1 and 2, we get

poy’ + p'oc,’
X
op, [ 1 1 ZT
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Since the variables ¢1>0, ¢2>0, p>0, 612>0, 52°>0, S0

_{ po;’ + p'oc,’ }
2 2 2
oL o' D P, <0

{ po;’ + pioc,’ :|
22 2
oL _LAP PP, >0

0P, { 11 ﬂz
+-— po,
o0, @,

Corollary 4.2 The higher risk aversion level is, the lower incentive intensity is. Namely

oL

when ¢2622-0161°>0, we have o >0

oL
and when ¢262%-9161°<0, we have % <0

Proof. From the Proposition 1 and 2, we get

oL _ 9,0, —po; . 1
op 1,1 s ae
PP, P

as 01>0, ¢2>0, p>0, 612>0, 6,°>0

So when ¢262%-¢161>>0, we have

%: (920-22_(01012' 1 >0

op 1,1 s ae
PP, P,
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When ¢2622-¢161%<0,

oL _ 9,0, -0y 1

— = <0
op

2 2
BN I N L
PP, O,

Corollary 4.3 The higher the uncertainty of specific task is, the lower incentive intensity is.

Namely
8L2 <0 aL2 0
oo, oo,

Proof. From the Proposition 1 and 2,

1 2
— +-— po,
L= & _9P &
DR R
PP, P,

_|: P +,020'22} _|: P +,02012:|
oL e’ op | oL oo, op

oo’ [1 1 ZT 0o, {1 1 ZT
+— po; +— po,
PQ, @, 0P, @,

As ¢1>0, ¢2>0, p>0, 612>0, 6,°>0

SO

{ p +pz<ﬂ { p +pzaf}
oL lew oo “o O _ o0, 00, -0

8612_[ 1 1 ZT 8022_{ 1 1 ZT
+-— po, +-— po,
00, @, , P, P,
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Corollary4.4 Under asymmetric information, the agency cost is

PO+ pof  pHo )+ poy?
Fp — 1 ¢1 + 1 (02
2501(7"'/00-12)2 20, (7"',00-22)2

dl ®,

Proof. Under symmetric information, expected net revenue of the principal is

’ _l(/’zezz _%pblzo-lz _%pbzzo-z2 —u

1
€ 16, _§¢1e1 5

So the maximum is

1 pblo,’ —T

1 > 1 5
P e P —
»,L, Zpbl o] 5

2

And Under asymmetric information, expected net revenue of the principal is

iblz _ibzz _%pblzglz _%/Obzzo-z2

U :E_F&_U_
2 20, 2¢,

p

So the maximum is

1 1 1 1
() +=po’ () +po, _
Up": %1 : 4 " ?, : D, yy
2(01(7"',00-12)2 2¢, ((07"',00-22)2
1 2

So the agency cost is
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1 1 1 1
1 1 (*)2"‘*,00'12 (7)2"'7/7022 _
={U+—+ }_ % - % n P, - 2 iy
20, 20, 2(01(7“‘,00-12)2 2§02(*+,00'22)2
| ?,
2, _ay2 1 2 2, 22 1 2
p (o) +—po” p(o,) +—po,
_ i " ®,
B 1 2\2 1 242
20,(—+ po;’) 2¢2(¢T+p62 )
1 >

Conclusion

Traditional principal-agent model is based on that the agent has the same ability in different
tasks. However, in this paper traditional model is extended by introducing the specific task
ability. The model considers the different ability in different tasks of the agent, loses the assumed
conditions and puts the specific task ability variable into the cost function. The effect of the
specific task ability to the cost is emphasized which makes the model is closer to the reality.

In this paper, based on traditional H-M principal-agent model and introduction of the
specific task ability, the optimal incentive model with the specific task ability is established. The
first best contract under symmetric information and the second best contract under asymmetric
information are given by solving the model. And the better the specific task ability is, the higher
incentive intensity is; the higher the risk aversion level and uncertainty are, the lower incentive

intensity is.
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