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ABSTRACT

It seems common sense that previous audit experience has some
impact on the current audit decision. In other words, the principal tends
to enhance the probability of auditing agent if the latter has a “bad”
audit record, e.g. has previously concealed some truth. This paper
intends to gain an insight into how previous audit experience influences
the principal’s audit decision in a two-period audit scenario. Under the
basic assumptions and setting, the paper shows that it’s not necessary for
the principal to use a conditional audit in an optimal audit policy; i.e., the
audit policy for the second period doesn’t necessarily depend on the audit
result in the first period. Although the result appears counterintuitive
and even surprising, it’s a reasonable choice of the principal under the
assumption of self-interested and rational behavior. This paper will try
to explicate the theoretical implications in the conclusion.
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1. Introduction

Information asymmetry has been a popular phenomenon in the variety
of agency structures. To relieve the problem resulted from information
asymmetry and to reduce the related agency costs, the principal often
chooses to employ an auditor to supervise the audited agent (e.g. the man-
ager). The audit measure becomes one of the prominent management mech-
anisms inducing the audited agent to either make every effort or tell the
truth.

In this line of research, under various settings and assumptions, there
are some results contributing to future study of the related issues. First of
all, Antle (1982) considers auditor an expected utility maximizer and studies
agency problems resulting from agency structure of owner-manager-auditor
using game theory. Basing their study on the agency hierarchy of consum-
er-regulator-firm(regulated), Baron & Besanko (1984) explore how the regu-
lator determines its optimal decision to audit the regulated firm with better
information obtained by her at a cost and sets the related pricing policy to
maximize the total social welfare of consumers as well as the regulated
firm.

Next, under the framework that consumers (or Congress) instruct the
regulator’s action and the regulator supervises the monopoly firm’s opera-
tion, Demski & Sappington (1987) examine the problem of regulation
between the self-interested regulator and the self-interested firm. Baiman,
Evans & Noel (1987) presents a principal-agent model in which the agent
becomes strictly better informed than the principal after the contract agree-
ment. They analyze how principal uses the information communicated by
agent’s report and hires a utility-maximizing auditor to mitigate the ineffi-
ciency caused by information asymmetry. Later, Baiman, Evans & Nagara-
jan (1991) also dwell on the issue of collusion between the manager and the
auditor.

In the latter study of audit policy, it can be found that researchers have
transferred considerable attention to the collusion between the auditor and
the audited agent. There have existed a few such papers in the literature.
For instance, without the possibility of adding a second supervisor, Tirole
(1986) studies the phenomenon of bribes in a hierarchical contract involving
a principal, a supervisor and an agent. Kofman and Lawarree (1993), by
assuming the external auditor never colludes, derive the optimal contract
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when both internal and external auditors are available. Laffont and Mar-
timort (1999) also investigate the simultaneous use of two collusive supervi-
sors. They show that information per se introduces increasing returns in the
benefits of side-contract. By duplicating auditors, the principal can reduce
their information and their discretion, and then improve expected welfare.

As for the research on the conditional audit, there are two papers which
may be closely related to our work. Among others, Landsberger and Meilij-
son (1982) propose a dynamic incentive generating penalty system which,
they argue, may reduce the generation of undesirable externalities at a
given cost. On the other hand, Greenberg (1984) further proposes an optimal
auditing scheme for the tax authorities and classifies individuals into one of
three groups. Each group is characterized by two parameters. It’s then
shown that there is a choice of these parameters so that in equilibrium the
percentage of individuals that cheat is arbitrarily small. However, both of
them are basically involved with some kind of specific conditional audit
mechanism under the infinite periods. By our knowledge, there seems no
paper involving a conditional audit policy in a finite multi-period scenario.
In the consideration of the prominence of the issue concerned, this paper
creates a two-period decision scenario and analyzes how a conditional audit
affects the optimal audit policy of the principal. Under the basic assump-
tions and setting, it’s found that a conditional audit is unnecessary in an
- optimal audit policy of the principal; i.e., the audit policy for the second
period doesn’t necessarily depend on the audit result in the first period. The
conclusion appears counterintuitive and even surprising. However, under
the assumption of self-interested and rational behavior, it should be a rea-
sonable result.

In next section, we’ll characterize the basic model used in this paper.
The related analyses and results will be presented in section 3. Finally, in
the concluding section, we’ll discuss the theoretical implications of this re-
search as well as its effect on the principal’s policy planning.

2. The Model

This paper examines a three-tier hierarchy consisting of a principal, an
auditor and a manager. The principal owns the vertical structure; the man-
ager runs an operating unit with private information about its realized
return; the auditor collects information for the principal. Following Tirole
(1986), it is assumed that the principal lacks either the time or the knowl-
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edge necessary to supervise the manager, and that the auditor also lacks
either the time or the resources required to run the vertical structure. It is
further assumed that all players are risk neutral. Also, the auditor is consid-
ered to be independent and won’t collude with the manager.

Nature is assumed to be the only one factor influencing the realized
return, i.e. high return (Rx) or low return (£.). Although the probability (p)
of high return is the common information, the final realized return is the
private information of the manager. That is, the principal will be unable to
learn the manager’s realized return unless the former takes some audit
action. According to some kind of contract or regulation, it’s assumed that
the manager has to transfer some portion () of the return to the principal.
In other words, the manager can reserve only the 1 —a portion of the return.
That mechanism brings about an incentive that the manager would like to
under-declare the return.

To deter under-declaration of return, the principal can employ the audi-
tor at cost C to audit the return declared by the manager when the latter
declares low return. If the auditor finds the under-declaration of return, the
manager has to pay a penalty of P.l In a two-period audit decision, the
audit policy for the second period may be dependent on the audit result in
the first period; i.e. there can exist the possibility of “conditional audit.” It’s
assumed that the audit probability for the first period is A if the manager
declares low return, but the probability for the second period will depend on
the audit result in the first period. If the under-declaration of return in
period one is found and revealed by the auditor, the probability for the sec-
ond period will be enhanced up to A(=A+a) provided the manager
declares low return once again in period two. However, is the conditional
audit necessary for raising the principal’s expected utility? That is the key
issue that this paper intends to deal with.

In this paper, the audit capability (or audit quality) of the auditor is
defined as the probability, », that the under-declaration of return can be
found by the auditor; i.e. the more the value of 7, the better the audit capa-
bility. Meanwhile, it’s assumed that there doesn’t exist the possibility of
blackmail or collusion between the auditor and the manager. Both C and »
are assumed to be the common information of all parties involved.

1 Following Kofman and Lawarree (1993), we assume P is an exogenously given num-
ber, which can be interpreted, for instance, as a legally specified limit on liability.
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To summarize, the timing on the relevant events is presented as fol-
lows:

(1) The principal and the manager achieve an agreement that the latter will
transfer some portion (@) of the return to the former.

(2) Nature determines the realized return in period one; i.e. high return (Rx)
or low return (Ry.).

(3) The manager declares the return in period one, R\, and will transfer a- R,
to the principal.

(4) The principal sends the auditor at cost C with probability A if the man-
ager declares low return in period one (i.e. Ri=R;).

(5) The auditor presents an audit report. If the under-declaration of return is
disclosed, the manager will have to pay the principal a penalty of P.2
Also, the principal will keep a dishonest record on the manager.

(6) Nature determines the realized return in period two once again; i.e. high
return (Ry) or low return ().

(7) The manager declares the return in period two, F», and will transfer
a- R to the principal.

(8) The principal sends the auditor at cost C with probability A if the man-
ager was not found under-declaring the return in period one and declares
low return in period two (i.e. R;=R.), but with probability A" if the
manager was found under-declaring the return in period one and declares
low return in period two.

(9) The auditor presents an audit report, and the manager will have to pay
the principal a penalty of P if the under-declaration of return is dis-
closed.

(10 Transfer takes place.

As nature determines the realized return in each period, the manager
can choose to declare either high return or low return to the principal. If the
outcome is high realized return (with probability p), the manager can choose
either to truthfully declare high return or to dishonestly declare low return.
However, if the outcome is low realized return (with probability 1—p),
based on the self-interested and rational assumption, the manager will
declare only low return to the principal.

2 P is assumed to be larger than a-(Ry— R.) for compensation and punishment.
3 If the realized return in period one is low, the audit probability for period two will
kept to be A whether the manager declared either high or low return in period one.
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If the realized return in period one is high, whether manager chooses to
under-declare the return or not will depend on the difference of transferring
amounts (e(Rx—R.)), the expected penalty (A»P), and the unfavorable
effect on the audit probability for period two (possibly enhanced from A to
A)). In the second period, if the realized return is high, whether manager
chooses to under-declare the return or not will depend on nothing but both
the difference of transferring amounts (@(Rx — R.)) and the expected pen-
alty (A7»P or A'»P depending on the previous audit result).

On the other hand, since the principal is unable to observe the realized
return, his audit policy can only depend on the return declared by the man-
ager. In other words, the principal will take audit action only when the
manager declares low return. If the realized return is low, the audit result
will be also low return;? but if the realized return is high, the audit result
will be subject to the effect of the audit quality (#) of the auditor. Given the
principal’s audit action, there remains a probability of 1— # that the auditor
won’t find the under-declaration of return.

3. The Analyses

In order to analyze the variety of strategy equilibriums between the
principal and the manager, it’s necessary to first characterize the manager’s
possible strategies under some combination of parameters. First of all, as
the aforementioned, if the realized return in either period one or period two
is low, the manager will consistently declare low return to the principal on
the basis of self-interested and rational assumption.

Furthermore, the factors influencing the manager’s declaration behav-
ior includes the transferring ratio of return declared (), the penalty (P), the
audit probabilities (A and A’) and the audit quality (#). According to the
relative relations among those parameters, we can infer the following three
possible strategies that will be taken by the manager. (To simplify the deno-
tation, we let AR=FRxy— R, in the following analysis.)

Lemma 1:
If tAR<ArP, the manager will honestly declare the return in either
period one or period two. That is, if the realized return in either period one

4 It’s assumed that the auditor has to present some evidence to support his audit report
on under-declared return, and that the evidence cannot be falsified.
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or period two is high (i.e. Ri=FRx» or R:= Ry), the manager will consistently
declare high return to the principal (i.e. Ri=R;= Ry or Ro=R,=Ruy).

[Proof] If the realized return in period two is Ry, under the condition of
aAR < ArP, the expected penalty will be too large for the manager to
under-declare the return. Hence, the manager will truthfully declare high
return. By the same token, if the realized return in period one is Ru, the
manager will also choose to declare high return since his decision in period
one won't affect his declaration decision and expected payoff in period two.

Lemma 2:

Under the condition of A»P<aAR<A'vP, if the realized return in
period two is high (i.e. R2= Rpy), the manager will under-declare the return
provided that he has a clean record;® but he will declare high return pro-
vided that he was found under-declaring return in period one. Meanwhile, if
the realized return in period one is high (i.e. Ri=Rpy), the manager will
under-declare the return all the time.

[Proof] See the appendix A.

Lemma 3:

Under the condition of ¢AR>A'7P, if the realized return in either
period one or period two is high (i.e. Ri=Rxy or R2=Ry), the manager will
choose to under-declare the return to the principal (i.e. Ri=R;< R: or Ro=
R < R»).

[Proof] See the appendix B.

After understanding the possible strategies that will be taken by the
manager, it’s the next step for us to analyze the optimal strategies of the
principal while facing the manager’s strategies. Fundamentally, there is a
precondition for the principal to consider employing the auditor; that is, the
expected payoff needs to be more than the audit cost (i.e. 7P > C). Other-
wise, the audit mechanism will never be used. In the latter analysis, 7P > C
will be an implied assumption.

Since this paper focuses on the difference between A and A(=A+a),
i.e. the optimal value of a, we can rewrite the preconditions in the lemmas
aforementioned as:

5 That implies the manager either honestly declared the return in period one or dis-
honestly under-declared the return in period one but was not found.
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() eAR<A,P—9AR "APR

(i) AvP<aAR<(A+a)rP=0<A<
and 0<a<1— A
(iii) @A
<l-— A
Moreover, it’s further assumed that the principal can obtain the expect-
ed payoff m, m and 7z under the situation (i), (ii) and (iii), respectively.
According to the above relations among the related parameters, we can
derive the following propositions.

<A<L1 where 0< AL,

a/APR <(A+a)<1 where 0<A<1

R

Proposition 1:

If kAR > »P, then the optimal audit policy of the principal will be A*=
A*=1 and a*=0. In other words, the conditional audit is useless. Mean-
while, in that situation, the principal will have a maximal expected payoff
of 7¥, where n¥=2aR,+2(»pP—C).

[Proof] See the appendix C.

Proposition 1 implies that if the manager’s benefit of under-declaring
return is not less than the expected penalty under complete audit i.e. A=1),
the principal will definitely choose to take a complete audit action. That’s
because in that situation the manager necessarily choose to under-declare
the return, and it becomes the principal’s optimal audit policy for him to
take a complete audit action under the incentive that the expected penalty
revenue is larger than the audit cost.

On the other hand, if AR < »P, then aj}; <1 and there can exist the
situation (i), (ii) or (iii). In the following inferences, it will be shown that the
audit policy from the situation (i) will dominate that from the situation (iii),
and the audit policy from the situation (iii) will also dominate that from the
situation (ii). Hence, if AR < #P, the audit policy from the situation (i) will
be the principal’s optimal strategy maximizing his expected payoff.

Lemma 4:
If aAR < 7P, then the principal’s maximal expected payoff in the situa-
tion (i), 7+, will be larger than that in the situation (iii), 3.

[Proof] See the appendix D.

Lemma 5:
If aAR < rP, then the principal’s maximal expected payoff in the situa-
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tion (iii), 75, will be larger than that in the situation (ii), 73.

[Proof] See the appendix E.
According to the results of lemmas 4 and 5, we can further obtain the
following result.

Proposition 2:

If AR < P, then the optimal audit policy of the principal will be A*=
aAR

P’
in period two. Meanwhile, in that situation, the principal will have a maxi-

mal expected payoff of m*, where m*=2aR.+2paAR—2(1—p)—= aAR C.

, and a will have no effect on the manager’s declaration of the return

[Proof] By the lemmas 4 and 5, it’s straightforward that the principal’s
expected payoff will be maximized in the audit policy from the situation (i)
and a maximal expected payoff, z¥, will be achieved.

It can be found in proposition 2 that if the manager’s benefit of under-
declaring return is less than the expected penalty under complete audit, the
principal will not need to take a complete audit action for deterring the
manager’s under-declaration behavior. Instead, the principal can take a ran-
dom audit policy (i.e. A—%) to induce the manager to honestly declare
the return. In that situation, since the manager necessarily chooses the hon-
est declaration in period one, there will be no necessity of using a condi-
tional audit probability in period two.

Finally, according to the propositions 1 and 2, we can conclude that the
difference, a, between the audit probability, A, and the audit probability, A’,
actually doesn’t play any role in the two-period audit policy. Thus, we have
the following inference in proposition 3.

Proposition 3:

In a two-period audit scenario with the assumption of C< 7pP, it will be
enough for the principal to use an uniform audit probability for low return
declaration in both period one and period two.

[Proof] It can be easily derived by summarizing the results of propositions 1
and 2.

Based on a simple but reasonable assumption that the audit cost is less
than the expected penalty revenue, we have obtained an impressive conclu-
sion in proposition 3; that is, it’s not necessary for the principal to take a
conditional audit policy in which the audit probability in period two will be
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dependent on the audit result in period one. While the result may be not so
intuitive, it does be the principal’s optimal audit policy in consideration of
the manager’s self-interested and rational behavior.

4. Conclusion

It seems common sense that people can learn something from the past.
Therefore, the previous experience brings about somewhat of impact on
one’s future action. There is no exception in the audit decision, either. In
practice, such as taxation audit, the previous audit result often influences
the present audit decision. That phenomenon is based on a preconception
that someone doing something bad, such as concealing the truth, will tend to
do the same thing again. Thus, the optimal decision will be dependent on the
past experience.

If the attributes of the population concerned are certain and invariable,
then the facts found from the samples do tell us something about the popula-
tion. Those facts can play a prominent role in the analysis of the population
and in the future decision. Under such a situation, the previous experience
can be relevant to the future decision. However, in the audit decision, is the
behavior of the audited agent (or the manager) certain and invariable? The
answer should be negative. What we can conjecture is nothing but the audit-
ed will behave in a self-interested and rational way. Based on the behavioral
assumption, the decision maker will have a wholly different strategy consid-
eration.

In this paper, we create a two-period audit scenario and intend to dwell
on whether the audit result in period one will have an effect on the audit
decision in period two. It is found that if the manager’s benefit of under-
declaring return is larger than the expected penalty under complete audit,
the manager necessarily choose to under-declare the return; and then the
principal’s optimal audit policy is to take a complete audit action in either
period one or period two due to the incentive that the expected penalty reve-
nue is larger than the audit cost. Thus, it’s unnecessary to take the condi-
tional audit into account.

On the contrary, if the manager’s benefit of under-declaring return is
less than the expected penalty under complete audit, the principal will not
need to take a complete audit action for deterring the manager’s under-
declaration behavior. Instead, the principal can take a random audit policy
to induce the manager to honestly declare the return. In that situation, since
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the manager definitely chooses the honest declaration in period one, there
will be no necessity of using a conditional audit probability in period two,
either.

Hence, we obtain a conclusion that, in an optimal two-period audit pol-
icy, it’s not necessary for the principal to take a conditional audit policy. In
other words, the audit policy for the second period doesn’t need to depend on
the audit result in the first period. While the result may be counterintuitive,
it does be the principal’s optimal audit policy in consideration of the
manager’s self-interested and rational behavior. Nevertheless, it doesn’t
imply we can extend the result to the other multiple-period (e.g. an infinite-
period) decision situations. With respect to the audit policy in a finite
multiple-period (more than two period), it may need much more researches
to address the issues concerned.
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Appendix A (Proof of lemma 2)

If the realized return in period two is Ru, under the condition of ¢dAR >
ArP, the manager will choose to under-declare the return if he has a clean
record; however, he won’t do that if he was found under-declaring return in
period one since aAR < A'7P.

On the other hand, if the realized return in period one is Ry, the man-
ager will be inclined to under-declare the return since
E(RIZRH'RlzRH)—_—(RH - a/RH) +p(R1-1 —aR, —A?’p) + (1 ——j)) (RL - CZRL),
E(RI:RL|R1:RH):(RH_aRL_A7p>+A7’[p(RH_ a/RH)

+(1—p) (Ri—aR.)]+(1—A7)[p(Ry— aR.— ArP)
+(1—p) (R.—aRL)],
and
E(Ri=RulRi=Ru)— E(Ri=R.|Ri=Ru)
:(RH_'QRH)_(RH_CYRL_AVP)+Z>(RH_G'RL_AVP_)—AVp(RH—aRH)
—D(RH—'CZRL“ATP)'FAVp(RH—a’RL—AVp)
—=aR;,—aRy+ AvP+ Avt(aRy—aR.— ArP)
=—aAR+ArP+Arp(aAR— ArP)
=(aAR—A7P) (Arp—1)<0 (""aAR>A»P and Arp<1).

Appendix B (Proof of lemma 3)

Under the condition of ¢AR>A'»P(=Ar»P), if the realized return in
period two is high (i.e. R2=R4x), the manager will be inclined to under-
declare the return whether he was found under-declaring return in period
one or not.

On the other hand, if the realized return in period one is Ru, the man-
ager will be also inclined to under-declare the return since

E(R\=Ru|R\=Rx)
:(RH_ (YRH)+Z7(RH— CYRL—AVF)+(1—1)) (RL—Q'RL),

E(R,=R.|Ri=Ry)
=(Ry—aR,— ArP)+ Ar{p|Rn—aR.—(A+a)rP]+(1—p) (R.—aR.)}
+(1—A»)[p(Ry—aR.— ArP)+(1—p) (R.—aR.)],
and
E(E1:RH|R1ZRH)—E(E1=RLIR1=RH)
Z(RH_a/RH)_(RH—CYRL_AVF)"‘p(RH_CI’RL_AVP)—‘AVP[RH_G/RL
—(A+a)rP]—p(Ry—aR,— ArP)+ Arp(Ry — aR.— ArP)
=aR.—aRy+ArP—Arp[AvP—(A+ a)rP]
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=—aAR+AvP+Arp-arP<0
(vaAR=AvP=(A+a)rP .aAR—ArP>arP>ArP-arP).

Appendix C (Proof of proposition 1)

Since aAR > rF:>af—P§21, there can exist only the situation (iii). The

principal’s expected payoff in the situation (iii) is

m=plaR.+A(rP—C)+plaR.+ Ar(A+a) #P—C)+(1—Ar)A(rP—C)]
+(1—p) [aR.— Ar(A+a)C—(1—Ar)AC]}
+(1—p) {QRL—AC+I7[QRL+A(7’F— C)]-l—(l—p) (QRL—AC)}
=2aR.+(2A+ Aarp) (rpP—C) (See appendix F).

We have %z(%—arp) (»pP—C) and %—?:Arp(rpﬁ~ C).
372'3 (971'3

Besides, 7P > C, 0<Arp<1 and Ogaﬂ)él:}ﬁ>8_a>0;
Hence, when A*=1 and «*=0 in the situation (iii), the principal will have

the maximal expected payoff ¥ =2aR.+2(»pP —C).

Appendix D (Proof of lemma 4)
In situation (i), the principal’s expected payoff is
7T1:j)[&RH+Z7(ZRH+(1~[)) (CL/RL—AC)]

+(1—p) [eR.—AC+ paRy+(1—p) (aR,— AC)]
=2aR.+2paAR—2(1—p)AC (See appendix G).

om o om .
We have oA =—2(1-p)C<0 and e =0.
Also, since af; <A<L] as A*= aflf in the situation (i), the priggi%al will

have the maximal expected payoff ﬂik=2a/RL+2pafAR—2(1—p)7C. In
that case, ¢ will have no effect on 7¥.
On the other hand, by the same token as the proof of the inference 4,

when A*= ar_ and ¢*=0 in the situation (iii), the %rincipal will have the

maximal expected payoff 7% =2aR,+2(»pP — C)%.

In order to compare #f with 7%, we need to precisely characterize the
value of A* in the situation (i) and that of A* in the situation (iii). According
to the definition of the situation (i), the A* in the situation g) should be lar-

a . al
ger than but very close to P and can be defined as p TE where &>

0 and €~0. On the contrary, the A* in the situation (iii) should be less than
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but very close to af; , and can be defined as apr —e where e>0 and e~
0. Hence, we have
ti=2aR, +2paAR —2(1— p) ( “Apf? +e> C and

aAPR s)

m=2aR.+2(vpP—C) (

a/AR

=2aR;+2paAR —2-—==-C—2e(»pP—C).

Let aA; = f3, then we obtain

m=2aR.+2paAR —2(1—p)CB—2(1—p)Ce,
m=2aR;+2paAR —2CB—2e(vpP — C),
and
m—m=—2(1—p)CR+2CBR—2Ce+2pCe+2rpcP —2Ce
=2pCB+e(2pC+2rpP—4C)
x=2pCR>0 (" e—0).

Appendix E (Proof of lemma 5)

In situation (ii), the principal’s expected payoff is

m=plaR.+ A(rP—C)+ p{AraRy+(1— Ar) [aR.+ A(»P - C)]}
+(1—p){Ar [eR.—(A+a)Cl+(1—Ar) (aR.—AC)}}
+(1—p){aR.—AC+plaR.+A(rP—C)]+(1—p) (aR.— AC)}

Let 8= adR gak ——=—<(A+a)). Then
rP rP

m=plaR,+ A(rP—C)+ plAraRu+(1—Ar) [aR.+ A(vP— C)]}
+(1—p){Ar [aR.—(B+b)Cl+(1—Ar) (eR.—AQC)}}
+(1=p){aR.—AC+p[aR.+A(rP—C)]+(1—p) (aR.—AC)}

%722 <0and 6>0 .. as b*— 07, we have the maximal value of z".

If 5=0, then
w5t =2aR, —2AC + p*PAraAR +2ArpP + A*rpC — A*r*p* P — AvpCR
+Arp*CB  (See appendix H).
2
Besides, " (g = 2nC—2r P P=2m(C=pP)<0 (<P >C)

gﬁ 0, there exists a maximal value of 3.

and A+a=p8+b, where 6>0 ("

Since
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@@Lfal;_ml = —2C+ " r@AR+27pP+2A*rpC—2A*r*p* P— rpCB+ rp* CB
:O’
we have A*=2 *raAR +2(rpP — C)— rpCA(1— 1?)

2vp(rpP —C)

In order to check if A=A* satisfies the condition of 0< A<
need to analyze the possible value of A*. First, for the part of the denomma-
tor in A%,

rp>0and »pP >C . 2vp(rpP — C) >0.
Next, for the part of the numerator in A*,

- pCB(1— p)=p- S aAR(1— p)< proaAR(1—p) and
prpaAR(1—p)=p*raAR(1—p)< p*raAR
SpPraAR — vpCB(1—p) >0 and p*raAR +2(vpP— C)— rpCB(1—p) > 0.
Hence, A*>0 and the condition of 0< A is satisfied.

On the other hand, if A*< a/AR —==~(=4), then
A¥— P raAR+2(rpP— C)— rpCB(1—p)

27p(vpP—C) <8
=p*raAR+2(rpP — C)— rpCB(1— p) < 27pB(»pP —C)

=>p*raAR — rpCB(1—p)<(27pB—2) (ypP —C)
P prraAR — rpCB(1—p)

a/AR

=C<r 2vpB—2
2,.2
:>C<7p}3_prP rpC(1—p) (by = aAi’?')
(2 yp— 27 P) rP
aAR

rpl7pP —(1—p)ClaAR

=C<nP- 2(rpaAR — vP)
= vpaAR[»pP —(1—p)C]
= C<mP+ 2(yP—rpaAR) '
g aAR

= <(A+a)<1 in the situation (ii)

Sorp>aAR > rpaAR and 2(#»P — rpaAR) > 0.

Also, = 7pP>C..vpP>(1—p)C and rbaAR[rpP —(1—p)C]>0.
rpaAR[vpP —(1—p)C]
Thus, 2(7P —rpaAR)
rpaAR[7pP —(1—p)C]
2(rP—rpaAR) '

>0 and C< »pP<rpP

_.I_
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aAR .
P

The condition of A< is also satisfied.

P*raAR+2(ypP— C)—rpCB(1—p)
27p(rpP—C)

the principal’s expected payoff in the situation (ii) and result in m*. In that

case, we have

' =2aR, —2A*C+ p*A*raAR +2A*vpP + A**rpC — A**r*p* P

Hence, there exists A*= to maximize

—A*rpCB+A*rp*CB

=2aR.+ A**rp(vpP—C) (See appendix I)
and
¥ =2aR.+2(rpP— C)“Q‘A"ﬁ}?_ (See the proof of Lemma 4).
wrp<1and 0< A*< “A; <1

. A¥rp(rpP - C)<( LRV (rpP-C)< 22K “AR( 7pP—C) (.0< “A1§ <.
Therefore,

* * a/AR *2 D
T — 73 =[2aRL+2(er ) ] [2aR. + A®rp(rpP— C)]

—2 “fPR( ypP— C)— A¥*rp(rpP — C) >0,

Appendix F

m=p{laR.+A(rP—C)+plaR.+Ar(A+a) (vP—C)+(1—-Ar)A(»P—C)]

+(1=p)|eR.—Ar(A+a)C—(1—-Ar)AC]}
+(1—p){aR.—AC+plaR.+A(rP—C)]+(1—p) (aR.—AC)}

=plaR.+ArP—AC+ aR.+ p(A*r?P— A*»C+ Aar*P— AarC+ ArP
—AC—-A%r?P+A*C)—(1—p) (AC+ AraC)]
+(1—p)[aR.—AC+aR.+ p(ArP—AC)—(1—p)AC]

=p(aR.+aR.—2AC+AvP+ Aar*pP— AarpC+ ArpP— AraC
+AarpC)+(1—p) (aRL+ aR.—2AC+ ArpP)

=aR.+aR,—2AC+ArpP+ AvpP+ Aar*p? P— AarpC

=2aR,+rpP(2A+ Aarp)—2AC— AarpC

=2aR.+ rpP(2A+ Aarp)— C(2A+ Aarp)

=2aR.+(2A+ Aarp) (rpP—C)

Appendix G
72'1=p[01R1-1 + paRy +(]. —D) (a’RL _AC)]
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+(1—p) [aR.—AC+ paRu+(1—p) (aR.—AC)]
=paRu+ p*aRu+ paR.— pAC —p*aR.+ p* AC+(1—p)aR.—(1—p)AC
+(1—p)paRu+(1—p)(aR.—AC)
=paRu+ p*aRu+ paR.— pAC —p*aR.+ p?AC+ aR.— paR.— AC+ pAC
+paRuy—p*aRu+aR.— AC —2paR. +2pAC + p*aR.— p*AC
=paRu+aR.—AC+paRy+aR,—AC—-2paR.+2pAC
=2paRuy+2aR.—2AC—2paR.+2pAC
=2aR.+2pa(Ry—R.)—2(1—p)AC
=2aR.+2paAR —2(1—p)AC

Appendix H

m=p{aR.+A(rP—C)+ p{AraRy+(1—Ar) [aR.+ A(¥P—C)]}

+(1—p) [Ar(aR.— BC)+(1— A7) (aR.— AC)]}
+(1—p) {aR.—AC+plaR.+ A(rP—C)]+(1—p) (eR.— AC)}

=plaR.+ AvP—AC+p[AraRu+(1—Ar) (aR.+AvP—AC)]
+(1—p) (aRL—AC+ A*»C—ArCR))}
+(1—p) (@R +aR.—AC+ArpP—AC)

=paR,+ AvpP — ApC+ p*AraRy+ p*(1— Ar) (aR.+ArP—AC)
+paR.—p*aR.— p(1—p) AC+ p(1—p)A*»C —p(1—p) ArCB
+2(1—p)aR.—(1—p)AC+(1—p)ArpP—(1—p)AC

=2aR, —2AC+pPPAC+2ArbP— Arp? P+ p*AvaRy+ p*aR.+ Arp*P
—pPAC—p*AraR.— A r*p* P+ A*rp?C — pPaR.+ A*rpC — A*rp?C
— ArpCB+ Arp*CRB

=2aR,—2AC+p*AraAR +2ArpP+ A*rpC — A%r*p* P— ArpCRB
+Arp*CR

Appendix I
n¥=2aR.—2A*C+ p*A*raAR +2A*rpP + A**ypC — A**»?p* P — A*rpCR
+A*rp*CB
=2aR;+ A*(—2C+ p*raAR +2vpP + A*rpC — A*r*p? P — vpCR+ rH*CR)
=2aR;+ A¥(—=2C+p*raAR+2rpP+2A*rpC—2A*r*p* P— vpCRB
+1p2CB)— A*¥?rpC+ A**r*p? P
=2aR, — A**rpC+ A**»* P
=2aR.+A*?*rp(rpP—C)
where we use the result that

IAAA) _ _3C+ prabR+2rpP+2A* rpC—2A* r* P—1pCB+ 1t C

=0
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