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This online appendix includes additional figures, facts, model calibration, and proofs.

EC.1. Institutional background
Details about drug regulation and competition provide a foundation for the model.

Fact 1: A discrete-time model is appropriate in our setting because human clinical trials typically
involve pre-specified endpoints and results that are announced all at once. Typically, Phase III trials
have pre-specified endpoints, followed by a comprehensive analysis by the firm before regulatory
submission. However, there are exceptions, such as early-stage animal testing and the rolling review
of the COVID-19 vaccine, which have a more flexible and exploratory set of protocols.

Fact 2: The government can require initiation of confirmatory testing as a condition for grant-
ing conditional approval. Beginning in fiscal year 2023, the U.S. Congress granted the FDA the
authority to mandate that trials begin before a drug receives conditional approval (US Congress
2023)). Previously, some firms selling conditionally-approved drugs cited difficulty enrolling enough
patients in trials for rare diseases. This rationale was often a convenient excuse, as confirmatory
testing could reveal that the drug should be withdrawn (Xu et al. 2021}, Frank et al. 2022)). Among
46 cancer drugs granted conditional approval between 2013 and 2017, 15% had not completed
testing after a median of six years (Liu et al.|2024) (Figure . However, we expect that under
the new policy, the share of drugs failing to do timely testing will drop.

Fact 3: The government can grant conditional approval for only a share of patients. For example,
approval may be limited to those with the most severe conditions, or coverage may be restricted
so that only some patients are reimbursed while others pay out-of-pocket. In the United States,
the FDA determines approval scope, while Medicare sets coverage rules, both under the Secretary
of Health and Human Services. After conditional approval of an Alzheimer’s drug, for instance,
Medicare covered it only for patients who agreed to participate in a study of its efficacy (Centers for
Medicare & Medicaid Services |2022)). For tractability, we model conditional approval as applying
to a share of otherwise identical patients.

Fact 4: Drugs given conditional approval are typically for rare diseases and do not have com-
petition. From 2001 to 2025, 75% of FDA conditional approvals were for rare diseases (see Figure
. At launch, drugs for rare diseases typically have no competition, due to orphan drug exclu-
sivity of seven years in the U.S. and ten years in Europe. Even years later, markets for rare diseases

are often too small to attract multiple firms.
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Figure EC.1 For 46 cancer indications conditionally approved in the U.S. between 2013 and 2017, 43%
received final approval after demonstrating statistically significant benefits in confirmatory trials, 20% received
final approval despite |Liu et al. (2024) finding no evidence of statistically significant benefits, 22% were

withdrawn, and 15% remained in ongoing testing. Source: Authors’ figure based on data from [Liu et al. (2024).
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Figure EC.2 The FDA granted conditional approval to 84 drugs in the past decade. Most of the conditionally
approved drugs treat rare diseases. The official FDA term for conditional approval is “accelerated approval” and

for rare disease is “orphan disease.” Source: Authors’ analysis of data on approvals of new molecules by the

Center for Drug Evaluation and Research.

Fact 5: Conditional approval provides earlier revenue for some firms that would otherwise not
continue testing. According to the head of the FDA center responsible for gene therapies and

vaccines, “The wherewithal to do a three-year study or a four-year study without having a revenue
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stream, it’s just beyond many companies that are startups. So having the accelerated approval
process is a way to get there” (Armstrong|[2024)).

Fact 6: The government does not typically directly finance late-stage testing. About 3% of NIH’s
total research budget was devoted to financing the clinical testing of drugs ultimately approved
between 2010 and 2019 (Zhou et al. |2023). Also, NIH funding represented only about 3% of
Phase III testing costs for a given approved drug (Zhou et al. 2023)). Rather than supporting
late-stage trials for firms, NIH funding is typically directed toward lower-cost, pre-clinical research
conducted at universities. A notable exception was the financing of late-stage testing for COVID-19
vaccines through Operation Warp Speed (Snyder et al.|2023). Another exception is funding for
drugs for diseases with no commercial, such as Gates Foundation funding for tropical disease drug
development.

Fact 7: Conditional approval increases the firm’s revenue during conditional approval and several
years afterward. Drug revenue typically rises during the first five years after approval (Robey and
David |2016)), as physicians and patients become more familiar with the drug. Demand is higher for
drugs with which physicians and patients have more experience (Ridley and Lee [2020).

Fact 8: Phase II clinical testing provides limited information about a drug’s efficacy. Sample
sizes are typically smaller in Phase II than in Phase III and are insufficient for definitive inference.
Phase I and II trials tend to be short and small to minimize patient risk and financial cost, given
that most drugs entering Phase II do not progress to Phase III (DiMasi et al. 2016). We treat
Phase I and II testing costs as sunk, but the model could be reframed to account for earlier
decision-making by the firm.

Fact 9: The firm is legally required to share all efficacy and safety information about the
drug with the government. Under FDA regulations, a developer seeking conditional approval must
submit a comprehensive clinical data section covering both effectiveness and safety. The submission
must present all relevant human evidence, not only studies supporting the proposed indication.
In addition to detailed analyses of controlled trials, the sponsor is legally required to disclose
any other information bearing on efficacy or safety, regardless of source. This includes evidence
from controlled and uncontrolled studies of other uses, commercial marketing experience, published
scientific reports, and unpublished studies, whether generated domestically or abroad (U.S. Food
and Drug Administration [2024)).

Fact 10: Information from use of the drug outside randomized trials is not very informative, as it
is noisy and subject to selection bias. For example, if healthier, high-income patients are more likely
to purchase a drug, observed outcomes may overstate efficacy. Accordingly, our model assumes

that usage after conditional approval does not affect Phase III testing. If “real-world evidence”
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were informative, it could reduce firms’ testing costs by allowing smaller or shorter trials. Hence,
we might underestimate the value of conditional approval.

Fact 11: Testing costs are privately known to the firm. As|Light and Warburton| (2005]) observe,
“this science-based industry refuses to allow independent parties to check the validity of their
cost data and analyze it so that policy can be based on solid, objective, reproducible evidence.”
Phase III testing costs are plausibly private for several reasons. First, firms fear the hold-up prob-
lem: disclosing true costs would lead governments to reimburse only direct testing expenses, without
compensating for failed projects or the opportunity cost of capital. Second, benchmarks are limited
because conditionally approved drugs are often first-in-class. Third, Phase III programs require
firm-specific manufacturing scale-up that is difficult for regulators to observe. Fourth, most con-
ditional approvals involve rare diseases, where patient recruitment is a major, typically in-house
expense. Firms bear these costs through long-standing relationships with patient foundations, advo-
cacy groups, and specialized clinicians, as well as through travel support and efforts to maintain
enrollment. Fifth, clinical programs share resources across multiple drugs, making it hard for a
government to audit costs.

Fact 12: The government can signal to the firm that it will grant final approval to a drug
that narrowly misses the efficacy threshold. We provide evidence for both claims: (1) that the
FDA sometimes grants final approval without persuasive evidence, and (2) that the FDA can
signal its intended evidentiary standards. First, the FDA has granted final approval despite limited
evidence of efficacy. [Liu et al.| (2024) report that 20% of cancer indications in their sample received
full approval despite the absence of statistically significant evidence of benefit (Figure .
In another instance, a senior FDA official acknowledged that a drug had been approved over
scientific objections, describing it as “essentially a scientifically elegant placebo” (Kaplan 2016)).
These cases demonstrate that, in practice, decision makers sometimes commit to and implement
lenient evidentiary standards. Second, the FDA can signal or commit to a lenient threshold before
confirmatory testing occurs. Under the 2012 breakthrough therapy designation, the FDA provides
firms with “timely advice” and “interactive communication” to guide clinical trial design and clarify
what evidence will be required for approval. Such interaction effectively communicates the future

approval standard.

EC.2. Calibration
We calibrate the model to illustrate the key economic drivers and to quantify the policy implica-
tions. The goal is not to make precise predictions for a specific drug, but rather to assess magnitudes
using realistic parameter values.

We select a representative drug that received conditional approval: avelumab (brand name Baven-

cio). In 2017, the FDA granted conditional approval for avelumab to treat Merkel cell carcinoma,
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a rare and aggressive skin cancer, based on evidence that the drug produced substantial tumor
shrinkage in patients who had few effective treatment options. In 2023, avelumab received final
approval after confirmatory studies demonstrated concrete clinical benefits, including improvements
in overall survival["®]

We bound the cost of Phase III testing based on other drugs in the therapeutic class. We assume
that Phase III testing costs are incurred over the first three years, followed by regulatory review,
with the final approval decision occurring at the start of year five. We then estimate doses and
revenue over the drug’s life cycle. We assume that the firm sells at monopoly prices for thirteen
years, after which net revenue is negligible due to generic entry or price controls. Finally, we

combine these inputs to compute the cumulative net present value and the implied optimal policy.

EC.2.1. Estimated testing costs

Like the government, we do not observe avelumab’s testing cost. Avelumab is marketed by a large
firm that does not disclose drug-level development costs. To bound the testing cost, we therefore
rely on data from firms that were only developing a few drugs at a time, for which reported firm-
level development costs are equivalent to drug-level development costs. Wouters et al. (2020) report
Phase III cost data for 13 antineoplastic and immunomodulating drugs approved between 2009 and
2018 and marketed by small firms in the same therapeutic class as avelumab. Among these drugs,
we use brigatinib’s Phase III cost of $98.1 million (2018 dollars) as a lower bound and sarilumab’s
cost of $630.7 million as an upper bound. These estimates are imprecise; in particular, Wouters
et al. (2020) report low confidence in the sarilumab estimate. We therefore interpret this range as

capturing plausible variation in testing costs rather than precise measurement.

EC.2.2. Estimated doses and revenue

We estimate doses and revenue for the representative drug avelumab using Medicare and Medicaid
data and extrapolate to total U.S. revenue@ We report values from the first full year of sales
(2018) and from the fifth year (2022), the latter being more recent and more representative of
long-run outcomes. Medicare and Medicaid data imply approximately 0.4 million doses in the first
year and 1.4 million doses in year five (Table . We extrapolate to the national market by
dividing these totals by 0.42, reflecting that Medicare and Medicaid account for about 42% of U.S.
prescription drug spending according to National Health Expenditure data. This yields roughly
one million doses in the first year and three million doses in year five. We project sales beyond year
five using average drug life-cycle patterns (Robey and David 2016)).

13 Following its initial approval for Merkel cell carcinoma, avelumab was subsequently approved for bladder and kidney
cancers.

1 We use sales aggregated across all indications, which overstates revenue for the initial skin cancer indication.
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2018 2022 Source

Medicaid+Medicare doses (MM) 0.4 1.4 |Centers for Medicare & Medicaid Ser-
vices| (2024)

Medicaid+Medicare share 0.42 0.42 National Health Expenditures

Total doses (MM) 1.0 3.3 Medicaid+Medicare divided by .42

Medicaid+Medicare spending ($MM) 35 121 |Centers for Medicare & Medicaid Ser-
vices| (2024)

Total sales ($MM) 83 288 Medicaid+Medicare divided by .42

Price per dose ($) 79 86 Medicare Part B average price |Cen-
ters for Medicare & Medicaid Services
(2024)

Willingness to pay per dose ($) 109 118 If buyer’s surplus is half of seller’s, will-
ingness to pay is 1.375 times unit price

Production cost share of price 0.25 0.25 |Wouters et al. (2024)

Table EC.1  Estimated annual doses and prices for avelumab in its first full year (2018) and its fifth year (2022).

EC.2.3. Parameter values

For a drug granted full conditional approval, discounted doses sold (g) during that four-year period
total 4.36 million (Table, using a 10.5% discount rate (DiMasi et al. 2016). This is about one
million discounted doses per year, consistent with avelumab’s first full year of sales (Table .
Although sales increase over time, doses sold later are discounted more heavily, so higher sales are
largely offset.

For a drug that receives both conditional and final approval, discounted doses sold (Ag + A1)
total about 15 million, averaging roughly 1 million per year over the 13-year period between final
approval and the loss of market power.

By contrast, a drug that receives final approval but not conditional approval sells fewer discounted
doses—about 11 million over the same thirteen years (Ag). Without conditional approval, sales
begin only in year five and take several years to grow, when discounting is already substantial. The

values of ¢, A\p, and \; are as follows:

qg=4.36 q=4.36
Ao =11.34 = {A=1134 . (EC.1)

We normalize quantities by dividing all values by 4.36, so that ¢ =1.

To estimate revenue net of production costs, we assume a cost-of-goods-sold share of 25%
(Wouters et al. 2024). In year five, the firm’s net revenue per dose (7) is approximately $65. If the
drug is ineffective, the government’s loss (v(0)) equals —$86, the price paid for a drug that pro-
vides no benefit. If the drug is effective, the government’s benefit (v(1)) equals $32, the difference
between willingness to pay and price.

We also compute the discounted quantity sold after the monopoly period,

oo

3.37
A= =5. EC.2
§: (1+10.5%)¢ = 5.8, (EC.2)
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Notation Description Value Source
J Discount rate 10.5%  |DiMasi et al. (2016])
cr Lower bound of the testing cost $98.1 MM Brigatinib (Wouters et al.
2020))
cy Upper bound of the testing cost $630.7 MM Sarilumab (Wouters et al.
2020))
v(0) Government’s loss from ineffective dose $86 Average price from Medicare
v(1) Government’s payoff from effective dose $32 Willingness to pay minus
price
r Price drop per dose in the competitive $65 Price minus cost
period
q Discounted doses with full conditional  4.36 MM Based on average growth

rates (Robey and David
2016); sum of discounted
doses over the first four years
Ao Discounted doses if the drug is fully 11.34 MM Sum of discounted doses from

approved years 5-17 without condi-
tional approval
A Extra total discounted doses 4.09 MM Difference in  discounted

doses over years 5-17 with
and without full conditional

approval
A Discounted doses in the competitive 5.88 MM  Sum of discounted doses from
period year 18 onward

Table EC.2 Estimated model parameters for avelumab.

which captures the social value of earlier price reductions due to generic entry or regulation.
Figure shows annual sales with full conditional approval and the parallel curve beginning
at t; represents sales without conditional approval. Figure illustrates doses in the first period
(q), doses in the second period (\g), the bonus doses in the second period if the firm is granted both
conditional and full approvals (A;), and doses in the competitive period (A). Hence, Ay denotes
the number of doses sold before the competitive period under no conditional approval, and Ay + A;
denotes the number of doses sold under full conditional approval following conditional approval.

In the model, we normalized the initial period doses (q) to 1.

EC.2.4. Estimated cumulative net present value
We now compute the firm’s cumulative net present value when testing costs are high (cy = $630.7
million), evenly distributed over the first three years, and full conditional approval is granted.
We set the annual discount rate to § = 10.5%, following DiMasi et al. (2016)), and assume for
simplicity that firms and the government discount future payoffs at the same rate. Table [EC.3|
reports discounted revenue, testing costs, and cumulative profits.

Despite large early losses, the firm eventually recovers its investment as sales grow and testing
costs cease. Without conditional approval, firms facing high testing costs would forgo development

entirely, generating a potential social loss.
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Figure EC.3 Annual revenue (top) and cumulative profit (bottom) depend on whether the government
conditionally approves (a; > 0) or not (a; =0) (assuming final approval). This figure matches Figure |2} but uses

estimates for an actual drug avelumab. Source: Authors’ analysis.

Figure plots cumulative profit net of testing costs under different assumptions about con-
ditional approval (rows), final approval (columns), and testing costs (curves). Lower curves cor-
respond to higher testing costs. In all cases, firms incur losses early on, but some reach positive
cumulative profits depending on the approval regime. For drugs that do not receive conditional
approval, cumulative profits continue to decline until one year before ¢;, when the firm submits
its testing data for regulatory review. Starting at ¢;, cumulative profits either rise following final
approval or are flat if the government denies final approval (and hence no new profits are cumu-
lated).

Without conditional approval, only drugs with sufficiently low testing costs are profitable, and
only if final approval is guaranteed (top left panel). With partial conditional approval, even high-
cost drugs can eventually earn positive cumulative profits, if they are also granted final approval

(middle left panel). Thus, conditional approval expands the set of drugs for which testing is privately

worthwhile.



ecl0

The left column of Figure assumes final approval. When the possibility of failing confirma-
tory testing is introduced (right column), expected returns fall, which further strengthens the role

of conditional approval in motivating firms to test.

Cumulative profits

Granted final approval (a; = 1) No final approval (a; = 0)

0)

No conditional (a;

Partial cond. (a; = 0.5)

t ty

1)

Conditional (a;

t ty t; to
Year

Figure EC.4 Cumulative net profit under different assumptions about conditional approval (rows), final
approval (columns), and testing costs (curves). Lower curves correspond to higher testing costs. Source: Authors’

analysis using a representative drug, avelumab.

EC.2.5. Calibrated optimal policy
Finally, we estimate the optimal withdrawal rate: the fraction of conditionally approved drugs that
are later denied final approval. Given a final approval threshold 7, the withdrawal probability is
G(i)-

Figure plots the withdrawal rate as a function of the drug’s expected value. Two discon-
tinuities arise. First, drugs with very low expected value (vg < vy) are not granted conditional

approval. Second, at v,, the final approval threshold jumps, increasing withdrawals.
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Figure EC.5 Optimal proportion of drugs withdrawn after receiving conditional approval. Source: Authors’

analysis based on a representative drug.

For drugs with vy = 0, the optimal withdrawal rate is 23%. Empirically, among cancer drugs
granted conditional approval between 2013 and 2017, 22% were later withdrawn (Figure .
This comparison suggests that historical FDA practice was close to optimal and, if anything,
slightly conservative.

By contrast, the leadership of the FDA gene therapy unit appointed in 2025 has adopted a more

restrictive approach to conditional approval (The Economist 2025). Our calibration implies that

such a shift will reduce social welfare.

EC.2.6. Calibration in the Three-Period Game continued

Using calibrated parameters, we compare policies with and without conditional approval and
leniency. Combining both tools performs near the upper bound. It generates over $6 billion in social
value per decade, with most gains coming from conditional approval (Figure . See Section
for a more detailed explanation.
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Figure EC.6  The lower-bound mechanism derived from the upper-bound problem performs well (upper panel).
Drugs with high expected value and low testing cost are tested (second panel), receive conditional approval (third

panel), and have a high final approval threshold, meaning less leniency (lower panel).
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EC.3. Flexible exclusivity

Optimal conditional approval and leniency may depend on the length of exclusivity. Some drug
classes receive extensions. For example, antibiotics gain five additional years under the GAIN Act
(Kong and Zhao 2024). Longer exclusivity increases monopoly sales, boosting firm profits but
delaying savings for payers. Exclusivity extensions can therefore strengthen development incentives
and reduce the need for conditional approval and leniency, all else equal.

Recall that in Figure |2, the curve starting at time 0 shows annual sales with full conditional
approval; the parallel curve beginning at ¢; represents sales without conditional approval. Because
the competitive period begins at time ¢35, A\g and A; correspond to the gray areas in the middle and
on the left, respectively. The number of doses sold during the competitive period, denoted by A,
is represented by the rectangle on the right.

Because annual sales peak in six years (Robey and David|2016)), extending the firm’s monopolistic
period beyond 13 years does not affect A; and only increases Ag. Given that Ag+ A represents the
total number of doses sold after final approval, corresponding to the area under the curve starting
at t;, any increase in )y leads to an equivalent decrease in A. This adjustment corresponds to a
rightward shift of time ¢, in Figure

Let Ao and A denote the calibrated values of )\, and A, respectively In Figure we
plot the testing threshold, the scale of conditional approval, the final approval threshold, and the
expected payoffs of both the government and the firm (with testing costs $200 and $500 million)
as functions of Ay, varying from 5\0 to 5\0 + A. The value 5\0 corresponds to a scenario in which the
firm’s monopoly power ends at the end of year 13, while the upper bound Ao + A reflects a case
where the government extends monopoly power indefinitely. Fixing Ay, the number of doses sold
in the competitive period is A + A — ).

As shown in panels (b) and (c), under the calibrated model parameters, when Ay increases, the
scale of conditional approval decreases, and the final approval threshold increases. The testing
threshold, illustrated in panel (a), also declines, indicating that the government induces less firm
participation as the length of exclusivity increases. Finally, both the government (panel (d)) and
the firm’s expected payoffs (panel (e)) decrease as A\, increases, suggesting that it is optimal to
maintain the current exclusivity timeline rather than granting additional exclusivity. Given the
firm’s testing cost, the monotonicity of its expected payoff in Ay follows from the monotonicity of
the testing threshold ¢é. Specifically, since the expected payoff of a firm with production cost ¢ is
zero, the expected payoff for a firm with cost ¢ is given by (¢ —¢)™. This observation also highlights
that, although firms generally favor extended exclusivity, they could be worse off if the government

reoptimizes its policy in response to the change.

15 See Appendix [EC.2 for more details.
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EC.4. Private information about the efficacy distribution
In this section, we explore the case in which the distribution of efficacy 7 is the firm’s private
information. We use k to denote this private information, and the corresponding distribution of n
is denoted by Gj. We assume that the family G, satisfies the monotone likelihood ratio property
(MLRP): for any k; > ko, the likelihood ratio gy, ()/gx, (1) is non-decreasing in 7. The government
believes that k is a random variable with support [kz, kx|, cumulative distribution function F', and
density f. A direct mechanism again specifies the probability of inducing the firm’s testing 7(k),
the scale of conditional approval a,(k), and the probability of granting final approval ay(k,n).
Unlike the base case with the cost ¢ being the private information, even with A =0, the linear
optimization problem is highly intractable. To be precise, the firm’s expected payoff when its

private information is k£ but it reports k' is

(K, k") =7(K') [al(k:') —c+[Ao+ AL ai (k)] /O as(k',n) de(n)] . (EC.3)

In equilibrium, the firm reports its type truthfully. The government’s expected payoff (when A =0)
is
ko 1

Un(r.a1,a2) = /k R {UE(k:)al(k‘) + Dot Avaa (B) /0 o) as(k,m) de(n)} dF(k). (EC.4)

The government aims to maximize its expected payoff subject to the incentive constraints and
feasibility constraints. The optimization problem remains , where the payoff functions are now
given by and .

The optimal solution to this problem is highly intractable and depends critically on the functional
form of Gj. Figure [EC.§| illustrates the optimal policy when the firm’s private information k
is uniformly distributed and the CDF is given by Gx(n) = n*. The optimal mechanism features
an infinite menu of contracts, with randomization over testing (i.e., 7 strictly between 0 and 1)
and a continuously varying scale of conditional approval and threshold for final approval. Such
a mechanism is technically challenging to characterize analytically and difficult to implement in
practice.

Therefore we again focus on a take-it-or-leave-it (TIOLI) offer. In this setup, the government
offers a scale of conditional approval a; and commits to granting final approval if and only if n > n*.
The firm then decides whether to participate. The cutoff type, denoted by kg, is the type that is

indifferent between testing and not testing, i.e.,
k‘() = ll’lf{ko S [k‘L, k’H] L — c+ ()\0 + )\1 al) [1 — Gko (77*)] Z O} . (EC5)

The government’s optimization problem under a TTIOLI contract is therefore

max / o [vE(k)a1+()\0+)\1a1) / 1v(n)de(n)] dF (k) st. (ECH). (EC.6)

a1€[0,1],n*€[0,1),ko€lkL ka] S, n*
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Figure EC.8 An optimal mechanism when the firm privately knows the distribution of efficacy 1. We set

c=(cp+cu)/2, kL =0.5, kg =2, f(k)=1/1.5, and Gi(n) =n".

The optimization problem is straightforward to solve numerically. Specifically, we dis-
cretize the values of a; and n* over the unit square [0, 1]?. For each pair (a;,n*), the cutoff type ko
is uniquely determined by , which then allows us to compute the corresponding objective
value. Figure displays the optimal TTOLI policy obtained from this numerical procedure.

(a) Cutoff type ko fb) Conditional approval scale a; _ (¢) Final approval threshold n*
=

kn 7=0.75

0.8

0.6

0.4

0.2

kL 0 0.6
CcL CH L CH CcL CH
c c c

Figure EC.9  An optimal TIOLI policy when the firm privately knows the distribution of efficacy 1. We set
kL =0.5, kg =2, f(k)=1/1.5, and Gr(n) =n".

Two features of the optimal policy coincide with our recommendations in the setting where
the testing cost c¢ is private information. First, when the testing cost is high, it is optimal for
the government to offer (partial) conditional approval to incentivize testing. Second, for the same
reason, it is optimal for the government to commit to a final approval threshold lower than 7. As
shown in panel (c), the optimal threshold is almost always below the myopic threshold 7. Therefore,

the structural properties in our model appear robust.
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EC.5. Proofs
EC.5.1. Proofs for Section [2

Proof of Lemma[l. By definition of ®, we have
0P (a1,m; A)

an
Furthermore, by assumption , we have

= (Ao +Arar+A)v'(n) > 0.

®(a,0;A) =X+ A1 ar) v\(f)l—i—A [v(0)+1]<0

—_—
<0 <0
and
<I>(a1, 1, A) = (AO + )\1 al) U(l) + A [’U(l) + 1] > O
This completes the proof. O

EC.5.2. Proofs for Section [3
Proof of Proposition[l. For any ¢, a;(c), and as(c,n), we have

vpar(©)+ [ [PatMrar(] o) + A [o(n) + 1] aa(en) dG(n)

<opar@+ [ (Dot da©] v + A o) + 1] 4G
3 nnL(a1(c))
= Ug(ai(c),mvr(ai(c))),

because the no-leniency threshold 7y, maximizes the government’s continuation payoff after period
one.
The function Uy in the previous expression is the restriction of the function defined in , and
it is convex in a; because
d . 1
G Unlarm(e) =ve+ 0 [ ()G
a1 nNL(a1)

and
2

@vR(ahWL(al)) =—Av(m(ar)) g (me(ar)) = 0.
1
Therefore, the maximum is attained at either a;(c¢) =0 or a;(c) = 1.
If the drug is promising and low-cost, i.e., and hold, we have
UE(A) S max UR(alan) :UR(1777NL(1))1
(a1,m)€[0,1]2
because 7(c) € [0,1] and the upper bound is attained by the candidate solution defined in .
If the drug is not promising and low-cost, i.e., and hold, we have
Up(A) < max  Ug(a1,n) = Ug(0,7x0(0)),
(111,77)6[0’1]2

because 7(c) € [0,1] and the upper bound is attained by the candidate solution defined in .
This completes the proof. O
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Proof of Corollary[ll. The proof of Proposition [1] ignores both the and constraints.

Hence, the same argument applies to the first-best problem and the dictatorial problem.

This completes the proof.

EC.5.3. Proofs for Section 4

g

Proof of Proposition[3. When A = 0, any feasible solution {7(c),a:(c),as(c,n)} to the optimiza-

tion problem yields a corresponding solution {7(c),a;(c),az(c,n)}, with a; and «ay defined in
and , respectively—that is feasible for the optimization problem and attains the same

objective value.

Conversely, any feasible solution {7(c),a;(c),aa(c,n)} to the optimization problem yields a
corresponding solution {7(c),a:(c),az(c,n)}, with a; and a, defined in (28), that is feasible for the

optimization problem and likewise attains the same objective value.
This completes the proof.

O

The following lemma is commonly used to simplify mechanism design problems involving direct

payments between buyers and sellers. For completeness, we provide a proof here.

LEMmMA EC.1. The incentive constraints and can be replaced by

T NON-INCreasing,

(@) =)+ [ rl)dy+erio)- | astemaci.
and

H(CH) Z Oa

where U(cy) =U(ey, cqy).

Proof of Lemma[EC.1. The incentive-compatibility constraint can be rewritten as
II(c) 2 T(c) +7(c) - (¢ =),
where II(c) = f[(c, ¢). Flipping the role of ¢ and ¢ yields
II(c") > T1(c) + 7(c) - (c = ).

Combining the two inequalities above yields the monotonicity of .

By the envelope theorem, we have

which implies that

(EC.7)

(EC.8)

(EC.9)
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Therefore, it is sufficient to impose the individual rationality constraint on type cy and

an(@) =)+ [ r)ay+erio) - | astemaci.

To prove the other direction, for any ¢ < ¢/, we have

(e +/
+/ T dy+/HT(y)dy

C ’7'

I() + T(c') d—c)
where the inequality follows from the monotonicity of 7. Constraint is implied by
II(c) > (cy) > 0.

This completes the proof. ]

LeMmMA EC.2. The optimization problem s equivalent to
cy
max vp(cy) / / ) —vg| ax(c,n)dG(n)dF(c)
{‘r,agII(cH)}EQ’
+v / [c ] 7(c) f(c) de,
¢, 1RO

where the feasible set ), is determined by , (EC.7), (EC.9), and for any (¢,n) € [c,cu] % [0,1],

(EC.10)

0 < Ti(ex) + /CH () dy + er(c) — /0 an(e,n) dG(n) < 7(0), (EC.11)

and
0<as(e,n) <Ao7(c)+ M\ |:H(CH)+/CHT(y)dy+CT(C)—/O as(c, z) dG(z)] . (EC.12)

Proof of Lemma[EC.2. Substituting the equation (EC.8) in Lemma into the objective
function yields the desired result. ([l

Proof of Lemma[d. We first reformulate the definitions of ¢, 7, and 7 given in f in a

more explicit form:

C = su CCC'UVC@ 11) 1

c=sup fecfenenl: o) [e+ 75| + 00 [ b)—laGw) 20},
_ F(e() 1 .

) )+ o / o(y)dG(y) =0, and

il o FE) L
=it {ne 0.1) 00 FG +o+ Qo+ ) [ oG =of.

]
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We start with the first part of the lemma. Because f; [v(y) —v(n)]dG(y) and v(n) are decreasing
and increasing in 7, respectively, we know that function h is decreasing. Therefore, the unique

existence of 7 € [0, 7] such that h(77) =0 is implied by h(77) <0< h(0), or equivalently,
1
AL / v(y)dG(y) +ve <0< A (vg —v(0)) —v(0) + vg.
7

The second part of the inequality holds by vg —v(0) > 0.

To prove the second part, we first verify that vy <0, which follows from

1
7) uniquely exists = )\1/ v(y)dG(y) +vp <0 = v <0.
7

Define

Taking derivative yields

= P 8 [ED] it
o Ele) A F(e)
- (77) f(Q(n)) >‘O (77)9(77) dC|: + f(C):| ng(n))

which is positive for any n € [0, 77]. Therefore, to prove the unique existence of 7, it suffices to verify

that t;(17) <0 <t,(7), where the second inequality follows from

£(7) = Ao / o(y)dG(y) > 0.

Because ¢ < ¢(17), by definition of ¢, we have

T Fe) D
o() [c<n>+ f@(mﬂﬂo / [o(y) — o) dC(y) <0,

which implies that

Therefore, we know the unique existence of 77 € [1,7], and the monotonicity property implies the

desired result, i.e.,
h(i) < h(1) =0.
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It remains to prove the last part of the lemma. Define
F(e(n))
ta(n) =v(n) -
f(e(n))
Taking derivative yields

ty(n) = v'(n)

+ [UE+ Ao+ A1) /nlv(y) dG(y)] , Vnelo,n).

fe(n)) dn [ f(e(n))
o Fletn) o d L F()
v (77) f(é(n)) ()‘0+)‘1) ("7)9(77) dC|: + f(C):| c:a(n)’

which is positive for any n € [0,7]. When h(7) > 0, we have

tz(ﬁ):vE+()\o+)\1)/ U(y)dG(y)>)\0/ v(y)dG(y) > 0.

When h(77) <0 and ¢ > é(77), by definition of ¢, we have

e FE] L e
ota) et + GBS 30 [ foto) = ot a6 >

which can be rewritten as

F(e)
WUTED)

Because of the monotonicity of ¢, to prove the desired result, it suffices to verify that ¢5(17) > 0,

+ / o(y)dG(y) > —v(i) [1+ A1 [1 - G()].

which follows from

C o) 4n U o(y) dG(y) — v(7) [1—G<ﬁ>@
%/_/ 77
==1 [ () —o(@)] dG(y)
= 0.

Therefore, the threshold 7 is defined as

— 7077 if tQ(O) SO
I=9 0, if t5(0) > 0,

where 7 € [0, 7] is the unique zero of t,.

To prove h(n) >0, note that when h(7) >0, we have

When ¢ > ¢(77), the monotonicity of A implies that

h(n) > h(i7) =0.

This completes the proof. O
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Proof of Proposition[3. Tt is straightforward to verify that our candidate solutions are feasible
in all cases.

To prove the optimality, we start with the first case. Define
k= —v(7),

v(e,n) =[v() —vn)] f(c)g(n), V(e.n)€ler,en] x[0,17],
ple,n) = [v(n) —v(@)] f(c)g(n), V(en) € lew,cal x [1,1];

a(c)—vE[cf(c)+F(c)]+(/\o+/\10)/ ,u(c,n)dn—i—/\l/ / w(y,n)dndy, Ve e Cy, and

B(e) = —vi e £(0) + F@) - Ga+Xi0) [ utemydn = | C [ wtv.yanay, veec,

where C; and C, are subsets of [cr,cy]| satisfying: (i) C; UCy = [c,cn]; and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of k, v, and p follows from the definition of 7 and the monotonicity of v

directly.
The expressions of o and 3 can be rewritten as
o) =[o) [e+ ZO] 00 [ ot — vt sty an] g0, veec,
f(c) 7

decreasing in ¢
and

Ble) = - [vm) {c+ ?(())] o / o) —v(i)] g(n)dn] f(0), Veels

In the two possible cases, we have:
1. if ¢ < ¢ < ¢y, we know that ¢ and S are nonnegative on [cy,¢| and [¢,cy], respectively. In
this case, we have C; = [c,, ¢] and Cy = [¢, cy]; and

2. if ¢ = cy, we know that o is nonnegative on [cr,cy|. In this case, we have C; = [cr,cy| and

CQ :®
CH 1
—K—\ / / wu(c,m)dnde=vg,
crL 7

Because
Y(e,m) € [cr,cr] x [0,7]:
~vlen)+Augn) [ ple.z)dz=[oln) = v 9n) £,

V(Can) € [CL,CH] X [777 1]:

(e )+ M g(n) / (e, 2)dz = [o(n) — vs] g(n) £(),
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Veely:

o(c)— (A+>\6/ (¢,n)dn— // (y,n)dndy =vg[cf(c) + F(c)],
Ve e Cy:

—B(c) - (A+>\C/ (¢,n)dn— // (y,n)dndy =vg[c f(c) + F(c)],
we have

k[T / dc+/ B(e )] de+ /ﬁ v(e,n) [—as(e,n)]dnde

l,
/ / c,n) [ T(c) =\ [H(CH)—i—/CCH y)dy—i-CT(c)—/Olag(c,z)dG(z)” dnde
= [ K— A / / u(e,n dndc] (cr)

[ —(Ao+Ac n)dn — XA\ /C/1 (v, n)dndy] 7(c)de

/[ )\+)\c w(e,n) dy — // yndndy]
/ /{ v(e,n) + g / (Cz)dz}a(cn)dndc
//

e+ 2t /’L@ ] e ind

T(cx) / / J(e.n) dG(n) dF(c) + /H {w?éfﬂ (e) f(c) de.

Therefore, the objective function is bounded by

/C 1 o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound in all the

subcases, which follows from:

/Cja(c) de— {vE "+ Mo+ M) /ﬁlv(n) dG(n)] F(e)

B / {“(m [”?((2 ] +o / 1 [v(n) —v(1)] g(n)dn] F(e)de
_ |:UE a4+ Ao+ A ) /ﬁlv(n) dG(n)] F(e)

= o) [ le=a) fe)+ Folac
— 0,
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x _ E=Ao[1-G(1)]
where o* = T =G0

This establishes the optimality in the first case.

To prove the optimality in the second case, we first define

= (i),
v(e,n) = [o() — v(n)] f(c)g(n), Vlen) € lew, el x (0,71,
lesm) =[o(n) ~ v(@)] £(c) 9(n) Vo) € lexren] < [7.1],
¢@>=—A3éluw4»dy+hxm—w@]f@» vee [ex el

(ﬂdszwﬂ@+zw¢1+uo+Mcy//wamdn

c 1 c
+A1/ / u(y,n)dndy+/ d(y)dy +co(c), Veel,,
cr, J0 cr,
1

5@)=1&ﬂcf@>+lﬂcn<A0+A1@L/ (e,m) dy

n
—Al/ / u(y,n)dndy—/ ¢(y) dy —co(c), Vee G,

where C; and C, are subsets of [cr,cy| satisfying: (i) C; UCy = [c,cy]; and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of k, v, and p follows from the definition of 7 and the monotonicity of v
directly.

The nonnegativity of ¢ follows from the second part of Lemma

The expressions for o and 8 can be simplified as

o(c) = v(7) [(C—C(ﬁ))f(C)JrF(C)]+/\of(0)/ v(n)dG(n), Veely,

and
B(c) =—v(n) [(C—C(ﬁ))f(0)+F(6)]—/\of(C)/ v(n)dG(n), VeeCl,.

To prove the nonnegativity of o, taking derivative yields

1

o'(c) = () [(c=c(m) f'(c) +2 f(e)] + f(¢) /\o/ v(n)dG(n) <0, Ve<c(n).

n

e F(e()
=—v() Fle(my 20

Meanwhile, we have

o(c(n) = |v(0) Z—=5

In the first two possible cases, we have:
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1. if ¢(77) < ¢z, we know that [ is nonnegative on [cz,cy]. In this case, we have C; = ) and
Cy =lcr,chl; and

2. if e < () < ey, we know that o and  are nonnegative on [c,, ¢(77)] and [¢(7), cu], respectively.
In this case, we have C; = [cp,c(n)] and Ca = [¢(7]), cu]-

Therefore, the nonnegativity of ¢ and S holds automatically.
CH CH 1
—n—/ o(c)de — N / / wu(c,n)dnde=vg,
cr, CL Ul

V(C,n) € [CL’CH] X [Ouﬁ]
d(c) g(n) —v(e,n) + A g(n) / ple,z)dz = [v(n) —vg] g(n) f(c),

Because

V(o) € enrca] x 7, 1)
6 g(n) -+ p(es) + 2 ) [ e 2) 2= o) —ve] o) ),

VeeCy: n

- [ stan-co+at0 - Corrn) [ utenan—ri [ [ utuianty=vslesio)+ Fo)

vecer L

- /c:qb(y)dy—m(c)—5<c>—<Ao+A1c> / emydn -, / / (o) dndy =g [e £(0) + F(e))

we have

s [~T(ex)] + / o) r()de+ [ Ale) [rle))de

C1

/HQZ) { / T(y)dy — CT(C)+/01a2(c,n)dG(77)] de
A

/H/ il [aQ &) = Ao 7(c) = Ay [H( w) + /CHT(y)dercr(c)_/Olaz(c,z)dg(z)”dndc
/H¢ )de— )\1/ / wie,n dndc] (cur)

o( /<z5 )dy —co(c) AoJrMC)/ p(e,m) dn — Ay /C:/ﬁlﬂ(y,n)dndy} 7(c)de

i
[ B(e / P(y)dy —cod(c) — (Ao +Aic) /1 (c;m)dn— X\ /cflﬂ(y,n)dndy} 7(c)dc

cr v

+
v —aa(e,n)]dnde
+
[ K —
J 1
J.

. [ [ot0 5t —vteon s 3000 / e.2)d] aslen)ant

(c;m)
cn)

_l’_

_l’_
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+/: /ﬁl [¢(C)9(77)+M(c,77)+/\1g(17) /ﬁlu(w)dz] an(e, ) dpde

F(c)
f(c)

= veTl(en) + [ / o) — ve] (e AG(n) AF(E) + v | {c+

CL

} 7(c) f(c) de.
Therefore, the objective function is bounded by

/c 1 o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound in the
first two cases, which follows from:
1. if ¢(77) < ¢, we have ¢* = ¢ and the measure of C; is 0. The government’s expected payoff
generated by our candidate policy and its upper bound are both 0;

2. if ¢, < ¢(n) < ey, we have
(1) 1
/ o(e)de — ho F(c(ii) / v(n) G ()
(1) 1 1
- / [v<ﬁ> lle—e(i)] £() + F(0)] + 0 () / v(n)daw] de — X F(c(il)) / o) dG (1)

(1)
— u(7) / lle— e(i)] £(e) + F(e)] de
=0.

To verify the optimality in case (2)(c), define

k=—v(n’),

v(e,n) = [v(n®) —ov(m)] f(c)g(n), v(e,n) € ew, eu] X [0,77],
ple,n) = [v(n) —v(n*)] f(e)g(n), V(e,n) € [ez,en] x [n",1],
o= [ e+ o) - ve) (0 Vee er.cal.

o(c)=vglcf(c)+ F(c)|+ N+ Aic) / w(e,n)dn

,,7*

c 1 c
+A1/ /*M(y,n)dnder/ o(y)dy + cole), Ve [en, e,

where n* =sup{n€0,1]:¢(n) > cu}. Because ¢(77) > cyg > ¢(77), we know that 7 < n* < 7. The

nonnegativity of k, v, and p follows from the corresponding definitions directly. Because

¢(c) = =M / [v(y) —v(M)] f(e) g(y) dy + [v(D) —ve] f(¢) 20, Veeler,cnl,
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the desired nonnegativity condition holds automatically. Finally, we have

1

o(c)=v(n") [(C—CH)f(C)JrF(C)HAof(C)/ v(n)dG(n), Vee ey, cul.

T[*

The monotonicity of ¢ still holds, and we have

B F(cn)
olew) = [v0r)

)
P
[v<n> e, / <n>dG<n>] Fen)

o [ lv(n)dG(n)] Flen)

Y

=0,

where the inequality follows from the monotonicity property of v and the fact that n* > 7.

Because
k [—I(cy)] +/CH o(e)7(c)de

) [t = [ rtar=ero+ [ autemacn]a

0

_l’_

cH
+/ v(c,n) [—aa(c,n)]dnde
cL

;1)

e [0@ e) = A7) = Ar [ (H)+/CHT(y)dy+c7‘(c)—/Olag(c,z)dG(z)” dyde

¢
"
- [ K—/ ¢)de— A /H/ p(en dndC] I(cw)
+

[
)

/CL |:O'(C)_/CL o(y)dy — cd(c) — (Ao + A1 ¢) /n p(e,n)dn— A /C:/niu(y,n)dndy] 7(c)de
[ [ [perstn-viem x|

/.

,,7*
o,

— upTi{en) /H/ )— vs] aa(e,n) dG () AF(c) +vp /H [c%—F(C)} (e) £(e) de,

f(e)
/c H o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound, which

ule,2) dz} ofe,n) dnde

H
H

[cb(C) g(n) + ple,n) + A g(n) /

n*

u(c,Z)dZ] (e, m) dyde

the objective function is bounded by

follows from

/C:H o(c)de— Ao /ni v(n)dG(n)

_ /H [vm*) (e —exr) £(0) + F()] + £(e) Ao / jv(n)dG(n)] de— g / o) dG()
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It remains to prove the last part of the proposition, where the optimal mechanism is to grant
full conditional approval to firms whose types are below the threshold c¢*. In the first two subcases,

we have ¢(n) < cy < ¢(0), implying that n =n*.

Define
k= —v(n),
v(e,n) = [v(n) —v(n)] f(c)g(n), V() € lerscu] x (0,17,
p(e,n) = [v(n) —v(n)] f(c) g(n), V(e,n) € [er, en] x [, 1],
Pe) =X\ /nlu(c,y) dy — [v(n) —vE] f(e), Ve e [ep,cnl,

o(c) = vp e () + F(&)] + (o + M / u(e,m) dy

c 1 c :
+A1/ / u(y,n)dndy—/ Y(y)dy — (c—1) (), Vee Gy,

B(c) = v [ /(¢ + F(&)] — (o + A ¢) / u(e,m) dy

n

Y /L/n M(ym)dnder/CLw(y)der(c_1)¢(C)7 Vee Gy,

where C; and Cy are subsets of [cp,cpy] satisfying: (i) C; UCy = [cr,cp); and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of , v, and u follows from the definition of n and the monotonicity of v
directly.

The nonnegativity of ¢ follows from the last part of Lemma

The expressions of ¢ and 8 can be rewritten as

a(c)=v(n) [(c—2en)) f(c)+ F(c)] + f(c)

vm + (o Ar) / v(y) dG(y)

and
1

Ble)=—v(n) [(c—2c(n) f(e) + F(c)] - f(c) v(y) dG(y)

VE + ()\0 =+ )\1)

\:\

Differentiating o yields

o'(e)=v(n) [(c—c(m) f'(c) +2 ()] + f'(c)

<0, VYe<é(n).

o5+ (o + M) / o(y) dG(y)

/

c(n))
e(n))

=—v(m) 7
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Meanwhile, we have

F(e(n))
fe(n)

In the first two possible cases, we have:

o(e(n)) = |v(n) + |vg f(&(n))=0.

(ot M) / o(y) dG(y)

L. if &(n) < ¢z, we know that § is nonnegative on [cp,cy]. In this case, we have C; = () and
Cy=lcr,cul;

2. if¢p < é(n) < ey, we know that o and 3 are nonnegative on [cz,&(n)] and [¢(7), cx], respectively.
In this case, we have C; = [cr,¢(n)] and Cy = [¢(n), cx].

Therefore, the nonnegativity of ¢ and S holds automatically.

CH cH 1
_”+/ ¢(C)d0—>\1/ / wu(c,n)dnde=vg,
cL cr, n

V(e,n) € [er,cu] x [0,n]:

Because

1

—(c)g(n) —vie,m) +Aign) [ wle,y)dy=[v(n) —ve] g(n) f(c),

\z\

Y(c,m) € [ew,cn] x [n,1]:

1

=(c)g(n) +ple,n) +Aig(n) | wple,y)dy=[v(n) —ve] g(n) f(c),

\:\

Ve e Cy:
/C:w<y>dy+<c1>w<c>+a<c><A0+A1c>/ p(e,m) dn - A// n)dndy =g e F(0)+ F(e)),
Ve e Cy:
/C:w<y>dy+<c—1>w<c>—5<c>—<xo+xlc>/ (cm) di— A// (y,m) dndy = v [e £(e) + F(C)),
we have

k= H<0H>]+/Cla() r(e)det | 5e) [=r(e))de
+/CL Y(c) [ /CCHT( )dy—l-CT(C)—/Olag(c,n)dG(n)—T(C)] de
+/CLH QVCTZ —as(c,n)]dnde

[
+/H/ (e [042 ) = o 7(€) = Ay [ (c )—l—/CHT(y)dy—i—CT(c)—/Olag(c,z)dG(z)”dndc
[ v

II(cy)
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Al

/w Yy + (e~ 1) i(c) - <A0+A1c>/ (c,n) dn— A1/

cL

w(y,m dndy] 7(c)de

\\:\

+/ —B(c /¢ )dy + (¢ —1)3( )\0+>\1c/ pu(e,m)dn — Al/ dndy] (0 de
+/{,f/ [ n) —v(c,n)+Aigln )/0 (e, z)dz] as(c,n)dnde
+/CH/ [ n) +ule,n) +Aig(n )/Ol,u(c,z)dz] as(e,n)dnde

= vp(cy) /H/ ) —vg] as(c,n) dG(n) dF (¢) + vg /LH {C+?((CC))} 7(c) f(c) de.

Therefore, the objective function is bounded by

/61 o(c)de.

Substituting our candidate solution into the objective function achieves the upper bound in both
cases, which follows from
L. if &(n) < cr, we have ¢* = ¢, and the measure of C; is 0. The government’s expected payoff
generated by our candidate policy and its upper bound are both 0;

2. if ¢p <é(n) < cy, we have

e(n)
/ o(c)de—
cr,

/‘C(n)
cr

vg + (Mo + A1) / v(n)dG(n)

vE + (Ao + A1) / v(n)dG(n)

v(n) [(e—em) fle)+ F(e)] + f(e)

F(e(n))

vE+()\O+)\1)/ v(n)dG(n)”dc

F(e(n))

k= _U(n*)7
v(e,n) = [v(n") —v(n)] f(c) g(n), V(c,n) € e, cu] x [0,77],
ple,n) = [v(n) —v(n™)] f(c) g(n), V(e,n) € [ersen] % 07, 1],

v(e)=A | uley)dy—[v(n) —vs] flo), vee[er, el
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7(e) = v e f(e)+ FE)+ (o + M) [ utemdy

+\ /C/*u(ym)dndy—/cd)(y)dy—(c—1)¢(c), Ve e [er, enl.

The monotonicity of ¢ implies that n <n* <7. The nonnegativity of , v, and p follows from their
definitions directly.
When h(7) > 0, we have

¥(c) =h(n*) f(e) > h(7) flc) > 0.

When ¢ > é(n7), by Lemma |2 I, we know that v is nonnegative if and only if n* <7, which follows
from

cn<é<ey = n>n-
Similar to the previous case, the expression of ¢ can be simplified as
1
o(c)=v(n") [(c—cu) flc)+ F(c)]+ f(c) |:’UE + (Mo + A1) / v(y) dG(y)] , Veé€ e, el
,'7*
The monotonicity of ¢ still holds, and we have

olen) = v() + flen) o+ O+ ) | )46 )

F(e(n))
v ety

flen)

o5+ (o + M) / o(y) dG(y)

>0

)

implying the nonnegativity of o. Because

k [—I(cy)] + /CH o(e)7(c)de
cy “ cyH 1

0(@) 1w+ [ rndy+er) - [ asten a6 - (o) dc
L c 0

</

+/C:H/ v(e,n) [~aa(c,n)]dnde
CH/ C
g
A

u(e,n) [042077) Mo (€)= Ay [ (CH)+/CHT(y)dy+CT(c)—/Olag(c,z)dG(z)”d77dc

@Z} Yde — Ay /CH/ wule,m dndc} II(c)

n
- +/w Yy + (c— 1) ¥(c) — ()\0+)\1c)/

,,]*

1

+
c 1
+ u(c,n)dn—h/ / u(y,n)dndy] 7(c)de
cr, Jn*

_|_

/
P

[ ¥(c)g(n) —v(e,n) + A g(n) /nju(w)dZ] az(c,n) dnde
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/CH/ [ n) +ule,n) +Aig(n )/lu(c,z) dz] as(e,n)dnde

F(c)
f(c)

— upTl(en) /H/ ) — vs] aale,n) dG(n) AF(c) + vp /CH [c+

cL
CH
/ o(c)de.
crL

Substituting our candidate solution into the objective function achieves the upper bound, which

| 7@ 760 ae

the objective function is bounded by

follows from
/H o(c)de— [UE+(AO+A1) /niv(n) dG(n)]
= [ [str) temam 101+ F@1+ 1) [on4 0ut ) [ wtract]ac
[ 0urn [ omacio)
= o) [ lte=en) 50+ F@ac

cL

= 0.

This completes the proof. O
Proof of Proposition[fl When the testing cost is high and the government induces testing, the
firm’s individual rationality constraint must be binding. Otherwise, the government could
strictly increase its expected payoff by reducing the costly incentives offered to the firm. That is,

the government’s first-best optimization problem can be written as follows:

max vg ar(n,c)+ N+ A1 ai(n,c)) / v(y)dG(y),

subject to 0<a;(n,c) <1,

where a; is defined by . We refer to the above optimization problem without the feasibility
constraint on a; as the “relaxed problem”.

Since the firm’s revenue across both periods is bounded above by ¢(0) =1+ Ay + A, the govern-
ment cannot induce testing when the testing cost exceeds this value. In the remainder of the proof,
we focus on the cases where ¢ < ¢(0).

As established in Section the derivative of the objective function with respect to n has the
same sign as the function h defined in (33). If the drug is promising (h(7j) > 0) and ¢ > 1+ (Ao +
A1) [1 = G(7)], since a4 (7, ¢) > 1, the optimal solution to the relaxed problem is infeasible. Because
7 is increasing in aq, it is optimal to set a; =1, and the corresponding value of n is determined

such that the individual rationality constraint (IR) binds.
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Next, we consider the case in which the drug is not promising (h(7) <0) and ¢ > A\ [1 — G(77)].
Recall that 77 is the unique root of the function h on (0,7]. If a;(7,¢c) € [0,1], then the optimal
solution to the relaxed problem is feasible, and hence also optimal for the original problem. Instead,
if a,(7,c) <0, then any feasible value of n must lie above 7. Since 7 is increasing in a; and the
objective function is decreasing in n for all n € [1),7], it is optimal to set a; = 0, which uniquely
determines the final approval threshold n* = G~* (1 - /\—CO) Finally, if a,(77,¢) > 1, then any feasible
value of n must lie below 7). Since 7 is increasing in a; and the objective function is increasing in 7
for all n € 0,7, it is optimal to set a; =1, and the corresponding final approval threshold is given
by n* =G™! <1 - /\33\1 )

When the government’s expected payoff from inducing testing (7 = 1) is negative, it is optimal

to forgo testing by setting 7=0.
This completes the proof. ]

EC.5.4. Proofs for Section [5

Proof of Proposition[5. To prove the desired result, it suffices to show that for any feasible
solution to , we can construct a feasible solution to that yields the same objective function
value.

Let M ={7,a,,a,} denote a feasible solution to the optimization problem . By construction,

it is straightforward to verify that M = {7, a1, as, s}, where

ay(c) =71(c)ay(c), Ve € [er, cxl,
042(0,77) = T(C) CL?(Ca 77)7 V(C, 77) € [CL7CH] X [07 1]7
as(c,n) =7(c)ai(c) as(c,n), V(e,n) € [er,en] x [0,1],

is feasible to the upper-bound problem and yields the same objective function value.
This completes the proof. O
Similar to Lemma after eliminating «; using the envelope theorem, the government’s
upper-bound problem can be formulated as follows:
F (C)}
7(c) f(c)dc
. 7o) (c) f(e)
CH 1
[ [ Do lotn) —vel + A folo) + 1) Galem) dGEn)AF)  (EC13)
Cy, 0
CH 1
o [ - v dsten a6 ar )
Cr, 0

where the feasible set (0}, is determined by (2), (45), {7), (EC.7), (EC.9), and for any (c,n) €

[er,cm] x [0,1],

cH
max vp(ey) +ve / [c—i—

{r.é2,63,11(cp)} €y

0 <Ti(en) + / Y ) dy+er(e)— ho / dale.m) AG() — A, / ds(en) dG() < 7(c), (EC.14)
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and
cy 1 1
st <Ten) + [ ) ayrert=r [ aalenaGay - [ asen)ac. (EC15)
c 0 0
With a slight abuse of notation, in this subsection, let
c(m,me) =1+ [1=Gm)]+ M [1=G(n2)],  Vm,n2 €[0,1]. (EC.16)

By Lemma 1), we know that there exists a unique 7, € [0,7] such that h(7,) =0 if h(7) <O0.
Let

Wy (m,m2) = (Ao +A)v(m) + A= Xgv(n) (EC.17)
and
Uy(m1,m2) = (Ao + A1+ A) [w(n2) —v(n)] + i; A [v(ne) +1]. (EC.18)

In order to prove Proposition [6] we need the following technical results.

LEmMA EC.3. When h(7) <0, we have the following results.
(1) If v(2) +1>0, there exists a unique 7y € [0,72] such that U, (71,72) = 0.
(2) If v(2) +1 <0, there uniquely exist (11,72) such that 0 <1y <1y <17, Ya(n1,72) =0, and
t(M,72) =0, where
n' =inf {n €[0,1]:v(n) +1>0} (EC.19)

and

1

W) = (ot Ar+ A) / " o) — v(2)] g(z)dz — / [o(2) — v(m)] g(2) dz

m 2

+ 2 olm)+ 11 1M 1= GOl + o) v (EC.20)
Proof of Lemma[EC.5. When 7j, exists and v(7j2) + 1> 0, we have
W,(0,7) = o [0(0) ~ w(i)] + A [o(0) + 1) <0,
and
W (72, 772) = A [v(752) + 1] > 0.

The unique existence of 7; follows directly from the monotonicity of ¥, in ;.

If v(12) +1 <0, define

n2

E(m2) = — Xot(m(n2),m2)
=X |—( Ao+ A+ A v(ny) —v(z z)dz + M\ v(2) —v(n9 z)dz
[( T >/m)[<n> (2)] g(z) dz + /Wm (1)) 9(2)

—Av(n) + 1] [T+ [1=Gm(n))l] = Ao [v(12) —ve], (EC.21)
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where 7,(12) is determined by
AL A [v(n2) +1]
v =0 = .
2(11(n2),7m2) < v(m(n) U(U2)+)\O Dot M 1A)

Note that n;(n2) is increasing.
The monotonicity of v implies that 7j, < nf. We have 7,(n") =7, implying that

(") = Xo [Al / T [0() — v(n)] g(2)dz — (') w}

1
<o 2 [ ) ol 96e) s = o)+
72
=0,
where the inequality follows from the monotonicity of the function k. To prove the desired result,
it suffices to show that Z(7;) > 0 and = is non-increasing.
Taking derivative yields

2

= (n2) = —Ao(Ao+A1+A)/ v'(n2) 9(2) dz + Ao (Ao + A1+ A) [v(m2) = v(m1(m2))] 9(mi (12)) 11 (12)

11(n2)

WY / o' (1) g(2) dz — Av' (1) [1+ Ay (1= G (72))

+ A [v(n2) + 1] A g(m(m2)) 71 (n2) — Ao v’ (12)
= {20 Qo+ A +4) [Gm) = Glm(m))] = Ao A [1-Gm)]
o= A [+ (1= Glm(m)] } v'(me)
<0,
where the second equality follows from the definition of 7 (n2), i.e., Wa(n1(n2),12) = 0.

Since h(72) =0, the desired condition =(7j2) > 0 reduces to Z(72) > 0, where

Em) =X o+ A +4) /77 [v(n) —v(2)] g(z)dz = A fo(n) + 1] [1+ A1 [1 = G(m(n))]]-

n1(1)

Taking derivative yields

é/ - *)\0 )\0 )\1 A
= -norrs | [
—Av'(n) [T+ [L=Gmm)I+A [wn)+1] A glm(n) m(n)
= —{ oMo+ +A) [G(n) =G(mm)]+A [T+ [1—=Gm(n)]} v'(n)

n

v'(n) g(z) dz = [v(n) = v(m )] g(m(n) m(n)

<0.

Therefore, the desired result is implied by

This completes the proof.
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Let

v =sup{ e fer.cnls (o +4) / o)~ o(m)] gl an-+ () e+ 9| z0) pezn

and

erzsup {eelenenl: O 8) [ ot = ot atan+ e+ 2] ot + 2 i) +1] 20},

’ (EC.23)
By Lemma we know that ¢, and ¢ are well-defined when v(7)y) + 1> 0 and v(7y) +1 <0,
respectively, with the existence of 7}, requiring h(7) <O0.

LEmMMA EC.4. When h(7) <0, we have the following results.
(1) If ¢é3 < c(12), there exists a unique 1y € [12,7'] such that

' = ~ F(c(72)) ~ A ~ _
(Ao +A) / fo() — v(7i)] g(n)dn+[c<n2>+ f(c(ﬁg))] [v<n2>+% (o) + 11| =0, (BC.24)

where 77 is defined by (55). If v(ij2) + 1 <0, there exists 7y < 1js such that Uo(7jy,72) = 0. In

this case, we have 1(7,72) > 0, where v is defined by (EC.20).
(2) If (i) v(2) + 1> 0, there exists a unique 1y € [N2,7'], or if (ii) ¢ < c(M1), there exists a unique
M € [, 7], such that

(ot A) / [w(n) — v()] g(n)dn =0 (EC.25)

Ui

F (C(ﬁl)):|
f(Q(ﬁl))

and U, (1)1,72) = 0, respectively. Moreover, we have h(1y) < 0.

v(72) [C(ﬁl) +

Proof of Lemma[EC.4. To prove the first part, define

) = o +8) [ Bo(z) = on) 9(2)d2+[6(77)+?((§(<2>)” [v(n)+A[v(n)+1]]- (EC.26)

Taking derivative yields

) = = Out A)00) 1= GOl + 41 e+ 1 S| ot + 5 ot +1
+ [c(n) + F(c(n))] (A +1> v'(n)

e | \ 3
L B (< )0 N o A F(cm)
=@ [“7” f(C(n))} [ m+35 1 “7””] *(%“) Fletm) "

<0

which is nonnegative if n <#7'. We have

1

Ba(i7) = (Mo + A) / [o(2) —o(if)] g(z) dz > 0

77/
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and

F(c(2))
(i)

where the inequality follows from ¢ < ¢(7)z), implying the unique existence of 7, € [12,7]. The

ha(ii) = (o + A) / [o(2) — v(ia)] g<z>dz+[c<ﬁ2>+ ] [v(ﬁz)Jrfo[v(ﬁz)H] <o,

12

existence of 7; € [0,7] is ensured by v(7z) + 1 < 0. It remains to verify that ¢(7;,72) > 0, which

follows from

S() _  S()

=0.
oo Ao

L(ﬁhﬁ?) =

To prove the second part, we first verify that vg <0, which follows from

1
W) <0 = Al/v(y)dG(y)+vE§0 S <0
7

N———
>0

Define

F(c(n))
fle(n)

) = (a+ A)on) +8] |et)+ HED |+ (o +8) [ o) = ot g1 (BC:21)

>\0
Taking derivative yields

)= 3 o+ A)/(0) [c<n> "

= (Mo +A)d'(n) 1 —G(n)]

_ 1 o £e(m) ; d . F(c(n))
= {““”) ) Flelyy T ot A+ A G {(an(c(n))]}'

We know that function h; is increasing for any n € [0,7/].

To prove the unique existence of 7j;, it suffices to show that, in cases (i) and (ii), we have
hi(n2) <0< hy(77) and hy(171) <0< hy(77), respectively. The nonnegative condition follows from
1

h(7) = (o + A) / [v(2) —v(i)] g(2)dz > 0.

7!

7

It remains to prove the other desired inequality condition.

e When v(72) +1 >0, we have

() = v<ﬁ2>+f0[v<ﬁ2>+u] {c(%HW]HAMA) [ )= vt g(2)
< 0,

where the inequality follows from ¢, < (7).
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e When v(72) +1>0 and ¢ < ¢(7;), we have

1) = |v(n évv c(n F(g(ﬁl)) 1UZ—UV z)dz
i) = o)+ 5 o6 1] e+ FEPR ]+ Oa-+.8) [ fu62) = w6i)] ()
A L FEm)] T Flel)
< [”Wm [ <m>+u] [<m>+ f(c(m»] (72) [<m>+ f(c(m]

=0,

where the inequality follows from ¢; < ¢(7;).
Therefore, the given conditions guarantee the unique existence of 7.

It remains to verify that h(7z) <0, which follows from
(0) > >mn>mn = h(h) <0, and
(@) M= = 2= = h(p) <0,

where 15 > 1}, follows from the proof of Lemma [EC.3

This completes the proof. ]

LEMMA EC.5. If & > &(1,m), we have t1(n) >0, where n' is defined by (EC.19)),

— a F(e(m(n2),n2)) ' o(2) — v s
i) = o) [elmOm).m) + P (o +8) [ o) o) ()4

Y / [0(2) — v(m)] g(2)dz — () + g (EC.28)

72

and function n1(n9) is determined by Wy (ni(n2),n2) =0.

Proof of Lemma[EC.5. The given condition ¢é > &(1;,71) can be rewritten as

Recall that the two thresholds 7, and 7, satisfy ¢(71,72) =0, we have

(o 2) [ lulo) = (i) (o) -+ [a(fh,m T

M2

oli) + 2 [o(in) +1@ > 0.

o+ 2) [ luto) = (i) g(a) -+ [cml,fh) n

2

= Qo+ [ o)~ oli)] o) dn+ [e(ﬁl,m) n
AT .. F(e(m,m)) .
% [C(m’an,}Wﬂ%))] o) +1

< (ot A) / () — v

72

F(é(ﬁl’fh)) v o
f(C(ﬁl,ﬁl))] ()
2 A 1= GOl o) + 11+ 8 1= Gl (i) +1
= Qo+ Xi+8) [ ol = uli)] gln)dn + [<nn>+m

m

(
(1)) 9(n) dn + [e(ﬁl,fh) n

| v6) = i) + 05
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+A [1=G)] [v(2) +1]
< (Ao+ A +A) / v(n) —v(n2)] g(n)dn+ |e(n,m) +

+A [ =G0)] [o(n2) +11,

B i) — o) + 0
o)) 2 2 E

where the first inequality and the second equality follow from v(7y)+1 < v(n")+1=0and ¢(1};,7) =
0, respectively.

Define

Tm»z@w»ﬁﬂy/wm%wmﬂmmm+&mwamm»
—v(me) +vp+A[1=G(p)] [v(n)+1], VY €[0,n1],

where 7, (1) is determined by Wy (n;(n2),72) = 0. Taking derivative yields

F(e(m(n2),m(n2))) o
f(c(nl(n2)v771(772))):| ()

Tﬁm——%M+M+AMWMH—G%H+me&mWM+

+ dd?72 {0(771 (72),m(12))

A [ o)+ 1] glns) + [L— Glm)] v/ ()
~ F(e(ni(n2),m(n2))) N (1 (n2),m1(n2))
{“mW””“%”+f@mmmxmmg»]“m) A o) + 1 900) + 520 (). ()

>
dne
0

where the first inequality follows from 7,(n,) < n, for any 7, € [0,7'], as established in Lemma
EC.3|(2). Therefore, we have

ti(n') ="T(n") =T (1) >0
which completes the proof. O
LEMMA EC.6. When one of the following conditions holds, (i) h(77) <0, é > &(m,m), (ii)
h(n) <0, & > ¢é(m,m2), or (iii) h(n) >0, we have the following results.
(1) If t:(n') <0, there uniquely exist n' <1y <1y <17 such that t,(ny) = 0, where function t,
is defined by (EC.28), 11 = n1(n2), and function n(n:) is determined by Vq(ni(n2),n2) = 0.
Moreover, we have h(n) > 0.

(2) If t2() <0<t (n') =ta(n'), there uniquely exist 1 <1 <)o <n' such that ty(1),) =0, where
i =m(72), 1 is determined by n,(17) =0,

ta(n) = [v(n) AAO v (Th)ﬂ]] [6(771(772),771(772))—{-F(E(nl(n2)’nl(n2)))

f(é(nl (772)7771 (772)))
+ (Ao +4A) / [v(n) —v(n2)] g(n) dn — t(ni(n2),m2), (EC.29)

n2

and function n1(ny) is determined by Wo(n1(n2),n2) = 0. Moreover, we have t(11,72) <0, where

L is defined by (EC.20).
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Proof of Lemma[EC.6. To prove the result in case (1), taking derivative yields

! _ ’Ul ( (771(772)7772)) v d (
) = /(1) [elm (o)) + T W))]+ (1) g (elm o))+ )

— (Ao +A)V' (m(me)) 1 —G(m 772)) —A0'(n2) [1 = G(n2)] = v'(n2)
Y F(e(ni(m2), 2) F(e(ni(m2),m2))
= U)o (), ( ) )+ 5 i ne) )

+ Ao (12) — ()\0+A) (771(772)) (2)] [1 = G(m(m2))]

/\\_/

ol

F(e(n(m2),m2))
f(e(m(n2),m2))

which is positive for any 7, € [0,7]. The unique existence of 7, is ensured by the monotonicity of
t1, t1(n') <0, and the following;:
e In Lemma we have proved that given ¢,(n') <0, it is impossible to have & > ¢(7;, ;).
e If A(77) <0 and ¢ > &(71,72), we have

= v'(n2)

+ v(n2) dd772 (E(m(??z)ﬂh) + ? (<7?771((7?7722))’:7722))))> ’

—
Ql

7)) = u(7 a7 (5(771,772)) 1vz—vv ) dz
) = w0 |2l )+ el o) [ () el ot2)d

A / [0(2) = v(2)] 9(2) dz — v(i) + 5

| |
3 Ficti)]

= o) |etmn) + D] k) [ o) = o)l ()

71
>0,

where the inequality follows from ¢é; > é(71, 7).

e If A(77) > 0, or equivalently,
1
A1 / v(z)g(z)dz +vg >0,
Ul

we have

t1(n) = (Mo +A) /

n1(7)

[0(2) — v(m ()] 9(z)dz+ Ay / 0(2) g(2) dz +vg > 0.

>0

The remaining condition h(ny) > 0 follows from either 7, <17y or h(7) > 0.
To prove the second part, differentiating ¢, yields

F(C(Ul(nz)vnl(ﬁz)))]
f@mi(n2),m(n2)))

d : F(e(ni(n2),m(n2)))
[““72””] ans [ (), () + f(é(m(nz)ml(nz)))]

ty (1) = <f0+1> v'(12) [C(m(nz),m(nz))Jr

+ |:’U(7]2) +f0

=/

- o+ )0/ () 1= Gl + =12

- (f +1) o () [H(mm 11— G ()] = Do [1 - Gln)] +
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For any n, € [0,7'], we have (Ao + A)v(n) + A <0, implying that ¢,(n,) > 0. The unique existence
of 15 € [11,1'] is ensured by t5(1) <0 <t,(n') and the monotonicity of t,.

By definition of Z in Lemma to prove the non-positivity of ¢(7,72), it is equivalent to
showing that Z(7),) > 0. We prove the desired result in the following cases:

e If A(77) <0 and ¢ > &(71,72), the desired result follows from

(i, 12) = —Eg\ff) < —E()\ZT) < —Eg\?) <0,
where the three inequalities follow from 7, <nf, nf <7, and Z(1j,) > 0, respectively;

o If h(7) <0 and ¢ > ¢(11,m:1), since Z(172) = 0, it suffices to verfiy that 7, <1, or equivalently,
to(12) > 0. The desired result follows from

F(e(1,7))

f@€0n,m))

(ot A) / o) — v(ite)] 9() dn — e(in, )

72

i) = o)+ 5 o0 + 1] [elinoin) +

=0
>0

)

where the inequality is implied by ¢ > (71, 71).
o If h(7) > 0, the desired result follows from

L(M1, M) = —

where the second inequality is implied by Z(n') = X\o h(n') > Xo h(77) > 0.
This completes the proof. ]
The following proposition summarizes the values of ¢, &, 71, and 7, in all possible cases. We
assume t,(17) <0 to exclude scenarios where the optimal 7; = 0, meaning final approval is granted
regardless of the revealed efficacy level. Such cases imply that testing is not utilized, which is

unrealistic in practice.

ProrosiTioN EC.1. The values of ¢, &, 11, and 12, depend on model parameters in the following

cases.
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(1) If c(i1) < & < é(i,12), the optimal policy follows case 1, as defined in . We have ¢ = ¢4,
&= Tt at = ond i =
(2) If c(n2) < ¢ < é(Mh,m1), the optimal policy follows case 2, as defined in . We have ¢ = ¢,

A e—Xg [1-G(i2)] L L
O = T Gl -G =G Th = T and 7z = 1.

(3) If ¢ < c(in) or ¢ < c(1)2), the government never grants conditional approval, i.e., & =0,
implying that és(c,m) =0 for any (¢,n) € [cr,cy] X [0,1]. The thresholds ¢, 7y, and 7y are
determined as follows.

(a) When ¢y < c(n2) and v(72) +1 <0, the optimal policy follows case 2, as defined in ,
(i) if c(72) < cr, we have ¢ =cy, and 7y = 1;
(i) if cp < (M) < cm, we have ¢ =c(M) and 1y = 1;
(111) if (') < cg < c(72), we have ¢ =cy and 1, =sup{n €[0,1]:¢c(n) > cx}; and
() if cg <c(77'), we have ¢ =cy and 7, =17'.
The other threshold 7, can take any values between 0 and 7)s.
(b) When (i) ¢ < c(n2) and v(72) +1 >0, or (ii) ¢, < c(i), the optimal policy follows case 1,
as defined in ,
(i) if c(i) < cr, we have ¢ =cr and 7, =1;
(i) if cr <c() < cm, we have ¢ =c() and 1y =1y ;
(111) if c(') < ey < (), we have ¢=cy and m =sup{n € [0,1]:¢(n) >cu}; and
() if cg <c(7'), we have ¢ =cy and 1, =17'.
The other threshold 1y can take any values between 7, and 1.

(4) If h(n) >0, or ¢ > (M1, M2), or ¢ > &(m,M1), the government grants full conditional approval
to firms whose types are below the threshold, i.e., & = 1. The thresholds ¢, 71, and 72 are
determined as follows.

(a) When ti(n") <0, the optimal policy follows case 1, as defined in (49)),
(i) if €(m,m2) < cr, we have ¢ =cyr, and 7y =1, =1;
(ii) if cp, < é(m,n2) < cm, we have ¢ =¢(My,M2), Th =1, and My =1s;
(ii3) if e(7',7) < cy < é(Mr,12), we have ¢ =cy and (M1,72) such that ¢(f,M2) = cy and
Uy (1,72) =0; and
(v) if cg <&(i7,7), we have ¢ =cy, M =17, and g =1.
(b) When 0<t,(n') =ta(n"), for cases (i)—(iii), the optimal policy follows case 2, as defined
n ; and for cases (iv) and (v), the optimal policy follows case 1, as defined in ,
(i) if €(th, ) < cr, we have ¢=cy, and 7, =1;
(i) if cp, <é(f,m) < cu, we have ¢ =¢(f)y, 1) and Hy =1);;
(ii1) if e(nt,n") < cy < é(,m), we have é=cy and 7y =sup{n € [0,1]:¢(n,n) > cu};
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(iv) if e(i,7) < cyg <e(nt,nt), we have é=cy and (M1,72) such that &(f, M) = cy and
Uy (M1,72) =0; and
(v) if cg <e(i7,7), we have ¢ =cy, 1 =17, and 7y =
For cases (1)—(iii), the other threshold 1y can take any values between 7j; and 1.
Proof of Proposition |EC.1. The mechanism is a “take-it-or-leave-it” offer, and a firm of thresh-
old type ¢ < cg’s expected payoff is always 0. When ¢ = cy, the mechanism is pooling and clearly
feasible. Moreover, by Lemmas we have 7); <1y, ensuring the feasibility of our candi-

date solutions in all cases.

We start with proving the optimality in case (1). Define

k= —v(72),
x(e;n) = Ao+ A) [o(i) —v(m)] g(n) fc), V(e,n) € lew, en] X [0,7],
_ {(A0+A1+A) [w(i) —v(m)]+ A1 [v(2) — o))} 9(n) f(e), Y(e,n) € [er, cu] X [0,7],

w(c,n)

YU L A () —o(m)] g(n) £(e), V(e,n) € [ew, cu] X 711, 772],
pl(e,n) = (Xo+A) [v(n) —o(m)] g(n) fe),  V(e,n) € e, el X [, 1],
§len) =X [v )*U(nz)] g(n) f(c), ¥(e,n) € ler, el X [72,1],

_ o . F(c) )
o(c)= >\0+A [w(n) —v(@)] g(n) dn+o(7) |c+ 79 fle), Veelep,é], and
B(c) =—o(c), VCE[CCH]

The nonnegativity of k, x, the second part of w, u, and £ follows directly from their respective
definitions, while the nonnegativity of the first part of w follows from its monotonicity in 7. The
nonnegativity of o and £ is ensured by the monotonicity of o(c)/f(c) and 5(c)/f(¢) (Assumption
, along with the definition of the testing threshold ¢ = ¢;. Because

—m—/C:HA:acm)dndc:vE,
V(o) € s, ca] % 0,7
e+ dogta) [ £(c,2)dz = Dy [o() — vg] + A [o(m) + 11] () (0,
V(en) € enrca] x i, 1)
e +Aago) | €(e:2)s =D o) = ]+ A o) 1] ) 0
(e,n) € ez, en] x 0,7

—w(en) +x(en) + A o) / £(e,2)dz =\ [o(n) — vi) 9(n) £(0),
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Y(en) € fenren] . i)
e+ ) | €21z = o) = ) ) 0,
Y(e,n) € ezl X o 1)
clcn ) [ )= o6a) v o) )
Ve e [er, dl:
o)~ [ wtean= [ [ ewmanay—c [ denan=oslesic+ reo)
Ve e (& cxl:
o)~ [ wteaan= [ [ ewnanty-c [ ceman=relesic+ F)

we have

k [-(cy)] —k/c6 dc+/CHﬂ dc+/ / (eym) ¢)]dnde
L CH/M )] dnde +/ / ;)] dnde

/ &(e,m) [a3 (c,m) — / 7(y)dy —c7(c )+/01 [Ao Ga(c, 2) + A1 G3(c, 2)]dG(2) | dnde

/ / &(e,m) dndc] (cx)

x(e,n)+Xog(n / &(e,z dz} Ga(e,n)dnde

+

%

+
0 L

(e, m) + Ao g(n /7725 Z} 2(c,n)dnde

[
Lt

|
I

_|_

1

+

w(c,n)+x(0,n)+klg(n)/ 5(6,2)(12} as(c,m)dnde

_|_

1
1
n2 [ 1

w(cm)—l—)\lg(n)/ E(c,z)dz] as(e,m)dnde
1 2
1

H
L L
H

+

+

0'

/ {f(c )+ M g(n /1§cz dz} ds(c, ) dn de

- [wensnee (s [ [/conan] o
i o //mdndy}
)+UE/:[ ] dc—i—// ~vg] 4+ A fo(n) +1]] sle,n) dG(n) dF ()

i [ [ ot = v asteomacnarto.

n
0
U]
7

H

H

+

[
5
[
A
/
|
/
L
/

= Vg H(CH
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Therefore, the objective function is bounded by f ¢)de, which is attained by our candidate

primal solution, i.e.,

/Cja(c)dc[vEdJr)\o /mlv(n)dG( )+)\1a/ )dG(n +A/ )+ 1]dG( )} F (o)

=(%+%MF@)/iwﬂmmdn—Mm+AﬂN@( O (1= G|+ F (@) v(ii)

71

—-vEd+)\0/lv(n)dG(n)+)\1&/ )dG(n +A/ n)+1]dG( )] F )

1

= = Qo+ ) F@v(in) 1 = GOl +EF (@) o)

—|vpa+  Ma / o) dGly)  +AL—G@)]| F@)

72

=6 [0(712) —v -+ M1 v(772) [1-G (72)]]

- (_AoJrA)F(é o(m) 1 =G +eF (@) v() —[[6— Ao [1 = Gm)]] v(2) + A [1 = G(m)]] F(¢)
= [=(Qo+2)v() + Ao v(2) = A] [1 = G(i)] F(6)
= 0.

To prove the optimality in case (2), define

R= = [+ A) v(i) + Al

Ao
x(e;n) = Ao+ A) () —vm)] g(n) fle), V(en) € ler, cul x [0,7],
plesn) = Ao+ A) [v(n) —v()] g(n) flc), V(en) € e, cul x 172, 1],
(e = { Gt ) o) = o]+ 31 A o) 11 a0) F6), - ¥(ern) € fevsca] < 0.7
g“m{ﬂ%+h+Mh@ﬁWM+MA@%H1ﬁ(mﬂ)V(m€hwﬂ i, ).
{1 o) = o) = 32 A (i) + 11} g(n) f(c) V(e,n) € ler, cn] % s, 1],
z{%+A vl = oG] gt dn+ e 5| o)+ ot + 1] | 7@, vee fedl

a(c), Vce[c cul.

The nonnegativity of x follows from 7, <nf, as established in Lemma M(Q) The nonnegativity
of x and p follows from their definitions directly. The nonnegativity of w and £ follows from the
relationship between 7; and 7, (i.e., Wy(ry,72) = 0, implying w(e, 1) = &(¢,m1) =0 for any ¢ €
[cr,cx]) and their monotonicity in 7. The nonnegativity of o and f is ensured by the monotonicity

of o(c)/f(c) and B(c)/f(c), along with the definition of the testing threshold ¢ = ¢. Because

cy 1
—n—/ / £(c,m) dnpde = vg,
c, Y
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¥(e,n) € fer.cul x 0,7

“x(en) + dogn) [ (e 2)dz = Do [v(n) — vs] + A [o(n) +1]] g(n) £,
Vieyn) € lex, ] X [y 1]

e+ Auan) | (6121 = b o) —0s] + & o)+ 1] o) (0
Y(e,n) € fer.cal x [0,

—w@ﬂﬂ+ﬁdan)+kuﬂnjéj&a2)¢%=klWM)—vﬂgwﬂfwx
Y(e,n) € less cn] X [, )
(em)+E(e,n) + A g(n) / §le.2)dz = Ay [o(n) —vi] g(n) (o),
¥(e,n) € fer.cal x [, 1)
(e + M g(n) / j&(az) dz =i [o(n) — vs] 9(n) f(c),

Ve € [er, d:

U(C)—/1M(c,n)dn—/C/lé(y,n)dndy—c/ﬁj&(cm)dn:vzs e f(e)+ F(c)],

Vee ¢, cenl:
B(0) - / u(eym) dy— / / E(y,m) dndy —c / £(e.n)dn=vg e f(e) + F (o))
we have

& cH cH 1
k [-O(cy )]—I—/ UCTcdc—l—/ Blc) [-7(c) dc+/ / w(e,n) [aa(e,n) —7(c)]dnde
/ / (¢,n) [—ds(e,n) dndc—i—/ / (e,n) [@3(c,n) — da(e,n)]dnde

/ / &(e,m) |:O[3 e,n) —I(cy) — / T(y)dy —e7(c )+/ [Aoda(c,z) + A1 és(c,2)]dG(2) | dnde

{/{/ /Ecndndc] (ca) O

{ x(e,n)+Xog(n / &(e,2) dz} G (e,m)dnde

A
+/H/{cn+Mg‘/§md4%@m®®
[

H
+ { w(e,n) +x(e,n)+ A1 g(n /fcz dz} as(e,n)dnde
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+/:’ an { (e;m) +&(e,m) + M g(n /n e dz] ralemdnde

/C:H/ {5(077)—&-)\19 /gcz dz} as(e,n)dnde

/ [0 /ucndn 0/§cndn//€yndndy}

+/CLH[—5(C)—/]:ucndn C/ﬁcndn //éyndndy}
)

— v Tl(en +/[ j} dc+/ /)\o 7) —ve] + A [o(n) + 1)) da(c,n) AG(n) dF (c)
o 7] " [o(n) — ve] dalen) AG(n) dF (c).

_|_

+

Therefore, the objective function is bounded by f ¢)de, which is attained by our candidate

primal solution, i.e.,

/; o(c)de— {annLd /:2 (Ao +A)v(n) +A]dG(n)
+/ﬁ:[(A0+A)U(U)+A]dG(n)+/\léy/ﬁj

= Mot AVF@) [ o) — o(i)] gn)dn+ e F(@) |v(ia) + = [olia) + 1]
72 Ao

v(n) dG<n>] F (o

— [vEd + & [nz (Ao + A)v(n) +AldG(n)

+/ [()\0+A)v(77)+A]dG(n)+>\1d/

2 !

() G| F@
— {= 00+ 8ol = Gl ¢ [oG) + 5 o) +1]
~Josara [ " [0+ A) () + AAG() + A [1 - Gli)] + M / o) a6 } £

M M

E—Xo [1-G(#2)] iys
T30 [Glre) G TGy Fepresents the scale of conditional approval. Because

s Gl = A | / v(n) ) + | () AG()

-x [ " () dG () + [olie) — ve] + 2 o) + 1) L+ [L- GG

where & =

oAt ) [ ol — =) g(2)ds () [1 - Gl

where the second equality follows from ¢(7;,72) = 0, and
=& [Ao [G() = Gl + A1 [1=G(0)] + 1]+ Ao [1 = G(1)],

the duality gap boils down to

— (Ao +A) () [1 = G()] = A [1 = G(1) + & [G(12) — G()]]
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16 Do [Glie) — Gl + M [L— GO+ A [L— G w(i)
+1a [6(i) — Gl + Ao [L= GO 1 [00)+ 1)
6 (o A+ A) (i) [G ) — GO+ M o) [1— Gl

= 0.
To prove the optimality of cases (3)(a)(i) and (3)(a)(ii), define

R= = o+ A) v(d) + Al

Ao
x(e;n) =X+ A) [u(iz) —vn)] g(n) f(c), Y(e,n) € [er, cu] x [0,72],
ple,n) = (Ao +A) [v(n) —v(i)] g(n) f(c), V(e,n) € ler, cul X [, 1],

w(e,n) = {(Ao + A+ A4) [o(72) —v(n)] + i\; A o(72) + 1]} 9(n) f(e), ¥(en) € e, cu] x [0, 7],
~{ Ot A+ () — o)) + 32 A o) + 11} 9(0) £(0), ¥(ern) € lexen] x [, ),
D o) = o) = 32 A () + 11} () £(6), V(e.n) € len. ca] X i 1,
¢(C) = [’(ﬁlaﬁ2) f(C), Vee [chCH]v

F(e)

o={00+a) | o) — () g(n)dn+[6+f(c)] [v<ﬁ2>+f0[v<ﬁ2>+1@}f<c>, veec,,

E(eyn) =

where C; and Cy are subsets of [cr,cpy] satisfying: (i) C; UCy = [cr,cp); and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of x is implied by 7, < 7', as established in Lemma 1). The nonnegativity
of y and p follows from their definitions directly. The nonnegativity of w and £ follows from the
relationship between 7; and 7, (i.e., Wo(71,72) = 0, implying w(e, 1) = &(¢,m1) =0 for any c €
[cr, cy]) and their monotonicity in 1. The nonnegativity of ¢ follows from the fact that ¢(7;,72) > 0,
as established in Lemma 1).

In the first two possible cases, we have:

1. if ¢(n2) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; =) and

Cy, = [cL,cn); and

2. if ¢, < ¢(12) < ey, we know that o and [ are nonnegative on [cr, c(72)] and [¢(72), cu], respec-

tively. In this case, we have C; = [cr,¢(72)] and Cy = [¢(72), cu].

Therefore, the nonnegativity of ¢ and S holds automatically.

—m—/C:H¢(c)dc—/c:H/ﬁj{(c,n)dndc:wg,

Because
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v(e,n) € [ew, en] x [0, 7)2]:
Ao @(c) g(n) = x(e;m) + Ao g(n) /ﬁjf(c,Z)dz = [o [v(n) — vl + A u(n) +1]] g(n) f(e),
V(e,n) € [er, cn] x 72, 1]:
Ao d(c) g(n) + ple,n) + Ao g(n) /ﬁj§(c,2)dz = [Xo [v(n) —ve] + A fo(n) + 1] g(n) f (),
V(c,n) € [er, en] x [0,7]:
A1 g(c) g(n) —wle,n) +x(e,m) + A g(n) /m1 §(e,2)dz =X [u(n) —ve] g(n) f(c),
V(c,n) € [er, en) X [, 7o)
A1g(c) g(n) + x(e;n) +&(e,n) + A g(n) /ﬁj&(cad dz = A1 [v(n) —vel g(n) f(c),
v(e,n) € [ew, en] x [72,1]:

M 6() g(n) + () + M g(n) / £(c,2)dz =y [v(n) —vz] g(n) F(0),

Ve e Cy:
/C¢< )dy — cd(e) + e —c/ f(en)d
/CL/mﬁy" dndy — / ule.nydn=vple f(0) + F (),
Ve e Cs:
- [ sway=coto —c/ (o) d
/CL/nl’fy’?dﬁdy / p(e,n)dn =wvg e f(c) + F(c),
we have

K[ ()]/ dc+/ﬁ dc+// u(e,n) [s(e,n) — r(¢)] dnde
/ / w(e,n) [—as(e,n) dndc—i—/ / x(e,n) [as(e,n) — éa(e,n)]dnde
e
+[ o

-l

[ag e,n) —(cy) — / T(y)dy —e(c )+/ [Xo (e, 2) + Ay ag(c,z)]dG(z)] dndc

0

{ / T(y)dy —c7(c) + No /Ol&g(c,n)dG(n)+/\1 /Olég(c,n)dG(n)] de

{ o(c)de— / /{cndndc} (cu)
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. / / " [Am(c)g(n) = x(e;) +Aag(n) / }(c, 2) dz} Galen) dyde
. /n: {,\Ogb(c)g(n)ﬂtu(w?)+A09(77) /m1 §(c,z)dz} diz(c,n) dnde
L[ / " {Al 9(c) g(n) —wle.n) +x(e,m) + A1 g(n) / jac?z)dz} Ga(c,m) dde
+/:I /: {,\1 é(c) g(n) + x(c,n) +&(e,n) + A1 g(n) /mlf(c’z)dz] Gale,n) dnde

+/:’/; {Algb( ) g(n) +€(e;m) + M g(n / £(c,z) dz} (e, ) dnpde

+/[/‘;S Jdy=cdle)ole) - / Cndn—c/wndn /CL/mfyndndy] r(c)de
/[ /¢ ) dy —cole) - ﬁU—/ﬁ M<C»n>dn—c/ S(c,n)dn—/%/ﬁlay,n)dndy} r(e)de

- UEH(CH)+UE/ {c—l— f((zﬂ dc+/ / Do [0(1) — o] + A [o(n) + 1)) dalc,n) dG(n) dF(c)
/ / ) —vg| &s3(e,n)dG(n) dF(c).
Therefore, the objective function is bounded by fc c¢)de. Substituting our candidate solution

into the objective function achieves the upper bound in the first two cases:
1. If ¢(72) < cr, we have ¢ = ¢z, and the measure of C; is 0. The government’s expected payoff
from our candidate policy and its upper bound are both 0.

2. If ¢p, < c(p) < cy, we have

c(72) 1
/ o(c)de— F(c(iin)) / (o -+ A) v(n) + A]dG(n)
F(e)

_ /C:(ﬁ”{uow) / o)~ o] gty dn+ e+ T ot + 5 i)+ 1] | r@)ac

~ Fle(in)) / o+ A) w(n) + A]AG(n)

- {—(A0+A)v(ﬁz) 11— G + (i) {v<ﬁ2>+fo g <ﬁ2>+u] A [1—0@)1} Plelii))
=0,

establishing the optimality.
In case (3)(a)(iii), we set C; = [cr,cy| and C; =0, and replace the thresholds 7; and 7, with
11 (772) and 7, respectively, where 7, is determined by ¢(7}2) = ¢z, and 7, (1)2) is obtained by solving
Wy (n1(n2),m2) = 0. In this case, the nonnegativity of k, x, i, w, and & follows from their definitions

directly. The desired nonnegativity of ¢ follows from

[1]

(772) 5(772) _

L(ﬁ17 772) =
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where function Z is defined by (EC.21). The first inequality follows from the monotonicity of =
and the fact that 7y > 75. Due to the monotonicity of o, its desired nonnegativity condition boils

down to o(cg) >0, which follows from

o(cm) = ha(1i2) f(em) > ha(7i2) fen) =0,

where the function h, is defined in (EC.26), and the inequality follows from the monotonicity of
ho, as established in Lemma [EC.4] Because all the multipliers remain nonnegative, the objective

function is bounded by fchH o(c)dc, which is attained by our candidate solution, i.e.,

/ Y () de [ 100+ 800+ Al ac(n)

2

= [ {owr s [ =it smans [e+ 9] [oem+ 3 w1} reac

- / [(ho -+ A) () + A]dG(n)

= O A0l [1 - GO +en [ol)
= O7

+ £ olin) +11} C AL Gi)

where the last step follows from cy = Ag [1 — G(72)].
In case (3)(a)(iv), note that the integrand of the objective function is bounded above by

v as(c) + /0 (Do + A)v(n) + Al dale,n) dG(n) + A /O o(n) és(c,n) dG(n)

< an1<c>+/n

1

/

(o + A) v(n) + A] dafe, ) dG() + / v(n) 0 () AG(n)

ow s [ o060 st + [ 100+ )00+ 8] e a6

< [ 10+ 2)on) + A] dale,m) dG),

where the first inequality follows from the definitions of 77 and 7’ and the upper bound of é;(c,n),
while the second inequality follows from the given condition h(77) < 0. This upper bound is attained
by committing to no conditional approval and adopting the myopic threshold (7, = 7). When
ci < ¢(77'), this policy enables the government to induce firms of all types to participate. Therefore,
the mechanism is optimal under the given conditions.

To prove the optimality of cases (3)(b)(i) and (3)(b)(ii), define

K= _U(T/IQ)v
V(Cvﬂ) = ()‘0 + A) [U(ﬁl) - 0(77)] 9(77) f(C), V(C, 77) € [CLvCH] X [O’ﬁl]’
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p(e,n) = (No+A) [u(n) —o(h)] g(n) fc),  V(e,n) € [er, enl x [, 1],

)
w(e,n) = A (i) —o()] g(n) f(e),  V(e,n) € [er, cu] X [0, 7],
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f(C) it

\
ste)={ot) [e+ 5| + ur ) | o) — ()] o) an} s veec
—o(c), Veel,.

The nonnegativity of x follows from the fact that 7, < 7’ <. The nonnegativity of v, u, w, and
& follows form their respective definitions directly. The nonnegativity of ¢ follows from Lemma
EC.4(2).
In the first two possible cases, we have:
1. if ¢() < e, we know that § is nonnegative on [cr,cy]. In this case, we have C; =) and
Cy=cr, chl; and
2. if e, <c(11) < ey, we know that o and [ are nonnegative on [cr, c(7;)] and [¢(1), cu], respec-
tively. In this case, we have C; = [cr, ¢(7)] and Co = [c(7h), cu]-

Therefore, the nonnegativity of ¢ and S holds automatically.

—m—/C:H¢(c)dc—/C:H/ﬁ:{(c,n)dndc:vE,

Because

(o) € ez ea] x 0,71
(0D a(0) V(e + Dogtn) [ €)= o foo) = 0]+ & o)+ 1 a0) 10
(o) € ez en] x i, 1)
Ao é(c) g(n) + ple,m) + Ao g(n) /n: £(c,2)dz =[N [v(n) —ve] + A [v(n) +1]] g(n) f(c),
V(o) € e cn) x 0,73
00V a(0) ) + w0 €204z A o) o] a0) 10
V(en) € [es,ca) x Dios 1]

M 6() g(n) + Eem) + A g(n) / £(c,2) dz= A, [o(n) — ve] g(n) F(0),
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Veels:
/C¢()dy—c¢()+a —c/§cn
/CL/nf@/”dﬁdy / p(e,n)dn=wg e f(c) + F(c)],
Ve ey
- [ otan- o) 5o [ tena
/CL/nzﬁy"dﬁdy / p(e,m)dn=wg[c f(c) + F(c)],
we have

Kk [—I(ey)] + / dc—|—/ B(c dc—|—/ / v(c,n) [—aa(e,n)]dndc

/ / u(esn) [dn(e,n) — (e dndc+/ / wle,m) [—ds(e,m)] dyde
" /fcn st = 1iGea) ~ [t ay - c¢<>+/0 hada(cs2) + Asda(e, )] 4G () ande
w [ ot [Ften - [ty erte)+0 [ asteacin +a [ et acon)] a
:{ / 6(c)de— / /gcndndc} (cn)
/ {)\Oqs n) = v(e,n) + o g(n /fczdz} G(e, ) dn de
+ H/m [/\oqb ) + p(e,n) + Ao g(n /§czdz} &s(c,n) dnde

(e,n)+A1g(n / (e, z dz} as(e,n)dnde

1
. H/ [/\1 n)+E&(e,n) + A1 g(n /gczdz} as(c,n)dnde

’ [/Mdyc‘b(@”(c)/ﬁ (e,m)dn c/ﬁcndn //fyndndy]
/[/¢ )dy —co(c) ()—/ cndn—c/gcndn—/CL/mgymdndy}Tc c

_vEH<cH>+vE/ [ } ndc+/ /Ao 0) — vs] + A o) +1]] da(c,n) AG(n) dF (¢)

A

/.
o[ e

/.

/.

C

/ / ) — vs] s (e,m) dG(n) AF(c).

Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution
into the objective function achieves the upper bound in the first two cases:
1. If ¢(r1) < ¢, we have é = ¢y, and the measure of C; is 0. The government’s expected payoff

from our candidate policy and its upper bound are both 0.
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2. If e, < c(1y) < ey, we have

(1) 1
/ o(c) de — F(e(h) / (Mo + A)o(n) + A dG(n)

_ /j'“ {v%) [+f§(<” +1<AO+A> / o) — ()] g<n>dn} f(e)de

— F(c(h)) / o+ A) w(n) + A]AG(n)
= Mov(12) — (Ao +A)v(rj) —A] [1 = G(11)] Fc())
=0,

where the last step follows from W (7j;,7,) = 0.

In case (3)(b)(iii), we set C; = [c1,,cy] and C, =), and replace the thresholds 7j; and 7, with 7,
and (71 ), respectively, where 7; is determined by ¢(7;) = cu, and 72(7;) is obtained by solving
Uy (n1,m2(n1)) = 0. In this case, the nonnegativity of k, v, u, w, and & follows from their definitions
directly. The desired nonnegativity of ¢ follows from

h(i2) < h(1j2) <0.

The nonnegativity of o follows from its monotonicity and

o(cu) =hi(im) flen) = ha () f(en) =0,

where the function h; is defined in (EC.27)), and the inequality follows from the monotonicity of
function h;, as established in Lemma Because all the multipliers remain nonnegative, the

objective function is bounded by fCCLH o(c)de, which is attained by our candidate solution, i.e.,

[ rt@de= [ (0u+ 2yt +alac)

m

- /:’{uow) / o) = o] gty dn-+ e+ T ot + 5 )+ 1] | r(@)ac

- / (o -+ A) () + A]dG(n)
= ot A)oli) [L— G +en [v<m>+f0 [v(ﬁ1)+1]] WNTRETS)
=0,

where the last step follows from cy = Ag [1 — G(71)].
In case (3)(b)(iv), similar to case (3)(a)(iv), committing to no conditional approval and adopting
the myopic threshold (7; = 7’) enables the government to induce all firms to participate. Therefore,

this mechanism is optimal under the given conditions.
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It remains to prove the optimality of the last case. For (4)(a)(i) and (4)(a)(ii), define

K= —v(ip),

(Ao +A) [v(i) —v(n)] g(n) fle),  Vle,n) € [er,cn] x [0,7],
(Ao +A) [v(n) —v(i)] g(n) f(c), V(e,n) € [er,cnl x [, 1],
A1 [v(i2) —v(m)] g(n) f(e),  V(e,n) €ler, cn] x[0,72],

A1 [v(n) =)l g(n) fle),  V(e,n) € ez, cn] x [2,1],

Ple) = {A1 /1 [v(2) = v(12)] g(Z)dzv(f?z)JrvE} f(e),

M2

v(e,n)

78 2%

—

\5‘:

3

~— N ~
Il I

o= {ut [e+ D]+ 0u ) [ o= ot gt

s [ 106) = o] 9200z~ (i) +ve  F(O), Ve,
B(c)=—o(c), VeceCls.

The nonnegativity of k follows from the fact that 7, < 7. The nonnegativity of v, u, w, and £ follows
form their respective definitions directly. The nonnegativity of ¢ follows from Lemma M(l)
In the first two possible cases, we have:
1. if é(ny,mM2) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; = () and
Cy =cr, chl; and
2. ifep <é(m,n2) < cg, we know that o and § are nonnegative on [cr,, ¢(11,72)] and [¢(1,72), cH],
respectively. In this case, we have C; = [cr,, ¢(11,72)] and Ca = [¢(11,72), cu].

Therefore, the nonnegativity of ¢ and S holds automatically.

—n+/c:H¢(c)dc—/C:H/ﬁ:ae,n)dndc:v&

Because

v(e,n) € [er, cnl x [0,m]:

—Xot(e) g(n) —v(e,n) + Ao g(n) /n: §(e,2)dz=[Ao [v(n) —vel+ A [v(n) +1]] g(n) f(c),
V(e,n) € [er, en] x [, 1]:

—Ao1b(¢) g(n) + ple,n) + Ao g(n) /77215(072) dz = [Xo [v(n) —ve]+ A [v(n) +1]] g(n) f(c),
V(e,n) € [er, cn] x [0,72]:

—Alw(C)g(n)—w(c777)+hg(n)/ (e, z)dz= A [v(n) —vEe] g(n) f(c),
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V(Cﬂ?) € [CL?CH] X [7727 1]:

M) gn) + Eerm) + A g() / £(e,2)dz= A, [u(n) — ve] g(n) £(0),

Vee e, ¢l
/w Jdy+(c—=1)¢(c) +o(c —c/gcn
/CL/Wﬁ y,n)dndy — / p(e,n)dn=vg[c f(e) + F(c)],
Ve € ¢, chl:
/Cw()dy+(c—1 - —c/gcn
/LL/Wf y.m)dndy — / ple;n)dn=wvg[c f(c) + F(c)],
we have |
K [=(cw)] + / dc+/ Ble )]dc—l—/C:H/Om v(e,n) [~éz(c,n)] dnde

// e, m) [a(em) — <>1dndc+/CLH/Oﬁ2w<c,n>[a3<c,n>1dndc

—|—/ / &(e,m) [ag (e,m) — (CH)—/:H 7'(y)dy—c7'(c)—|—/01 Ao éa(c,z) + A c%(qz)]dG(z)] dnde
e [ / 7(y)dy+ e7() - Ao /Oldz(c,n)dG(n)—)\l /Oldg(c,n)dG(n)—T(c)] de

:[;+/ = [ [ semanad me

+/ [ Xo () g(n) —vie,n) + Xog(n) / &(e,2) dz} Az (c,m)dnde
+[

/
/
J

[
g rl
/ =Xo¥(c) g(n) + ple,n) + Ao g(n) / e,z dZ} oz (c,m)dnde

H/O'z {_)\17/1(0) (n) —w(e,n)+ A1 g(n /1§ (¢, 2 dz} és(c,n)dnde

"

m
1
n2 L
c
c
L

+

+

=M1 ¥(e)g(n)+£&(e,n)+ A1 gln / &(e,z dz} as(e,n)dnde

(C)+<T(C)—/i7 (c,m)dn— C/SCndn //ﬁyndndy}
(C)—B(C)—/7 p(e,n dn—C/ﬁcn dn—/g/&.%n dndy]Tc c

— upT(en) +vs /H { C} dc+/ / Do [0(n) — vs] + A [v(n) +1]] Ga(c,m) dG(n) dF (c)

C

// n) = vs] sle,n) AG(n) dF ().

Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution

_|_

o

(y)dy+(c—1
+/c2 [ i d(y)dy+(c—1

)Y
)¢

into the objective function achieves the upper bound in the first two cases, which follows from:



ech7

1. if &(ny,7m2) < ¢, we have é = ¢ and the measure of C; is 0. The government’s expected payoff
from our candidate policy and its upper bound are both 0;
2. if cp < é(n1,1m2) < cg, the government’s expected payoff from our candidate policy attains this

upper bound, i.e.,

[ sterae- o | [+ A)vn) + AJAG() + / o] £ i)
= ulin) (142 [1— G+ A [1— GOl - A 1= GO

ot A)u(in) [1— Cl)] — M vlin) (1~ GO)] — (i)} (e, )
= Dov(ia) — A (o + A) ()] [1— Cin)) F(elin i)
-0,

where the last step follows from W, (7),7) = 0.

In case (4)(a)(iii), we set C; = [cp,cy] and C; =0, and replace the thresholds 7; and 7, with 7,
and 7j,, respectively, where the two thresholds are determined by ¢(7,172) = ¢y and Wy (1), 72) = 0.
In this case, the nonnegativity of x, v, u, w, and £ follows from their definitions directly. The
nonnegativity of ¢ follows as: if h(77) <0, we have h(72) > h(72) = 0; otherwise, we have h(n) >

h(77) > 0. The nonnegativity of o follows from the fact that for any c € [cr, cy], we have

o(c) 2 o(cn) =t1() fen) 2 t1(2) f(cn) =0,

where the function ¢; is defined in (EC.28), and the inequality follows from the monotonicity of
t1, as established in Lemma [EC.6| - Because all the multipliers remain nonnegative, the objective

function is bounded by f ¢)de, which is attained by our candidate solution, i.e.,

1

/CZH o(c)de— [vE+/1 (Ao + A)v(n) + AldG(n) + Ay /

M 2

o(n) dG(nﬂ Flen)

= cqro(ii) + (o + A) / fo(n) — v(ih)] g() dn+ Ay / [v(2) — v(if2)] 9(z) dz — v(ik) + vp

- [W [ 0o+ 2o+ alacn +, | v(n)daw]
= CHU<ﬁ2)—(>\0+A) ( )[ ( 1)]—)\17)(772) [1—G(772)]—U(772)—A [1—G(771)]
— lew— A [1-G()] ~ 1] [ (i) +5 0 <ﬁ1>+1]] (Mo -+ A)u(if) [1— GG — A [1— Glin)

= [)’
where the last equality follows from

cg =14+ [L = G()]+ M [1 = G(12)].
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In case (4)(a)(iv), we replace the two thresholds 7; and 7, with 77 and 7, respectively. The desired

nonnegativity condition for ¢ boils down to
A1 /lv(z) dG(z)+vg >0 < h(f)>0.
ﬁ
Suppose h(77) < 0. We have
&1 > (i1, 72) 2 1+ Ao [1 = G(7)] + A1 [1—G(7)]

or

&> (i, ) =1+ Ao+ M) [1=GN)] =1+ o+ M) 1-G(@)],

which contradicts the condition ¢y < &(77’,7). Therefore, we know that h(7) > 0, guaranteeing the

nonnegativity of ¢ and o, where the latter one follows from

1

o) = M0+A>/fwm»—wﬁngmnm+xl/fwwgwnu+vE f(e)>0.

!

=h(7)=0

The candidate primal solution attains the upper bound fCCLH o(c)de, i.e.,

Al

/md@@—Lm+/ﬁuwummm+aw0mwa3/v@MGmﬂF@m
RN / () — v(7)] g(n)dn—i—)\l[ o(2) g(2) dz + vs

o+ [ 0wt ) vn+ Alacm [ otmaci)
= (ot A)o() + A [1 - G()]
=0,

where the last step follows from the definition of 7.

It remains to prove the optimality in case (4)(b). For the first two subcases, define

=== [(Ao+A)v(i) + A,
x(e,n) = Ao+ A) [o(i) —vn)] g(n) fc),  V(en) € lew, en] x (0,72,
n) =R +A) [o(n) —v(i)l g(n) fc), V(en) € lew, cnl x [, 1,
Ao+ A1+ A) [v(ie) - U(U)H:\\;A[v(ﬁ2)+1]}g(ﬁ)f(0)a V(e,n) € [er, en] x [0,7n],

M+M+AH()—MM 3 A [ulin) + 11} g(n) £(), ¥(e.n) € lesscnl x lin i),
n) = ()] = 3 A [o(in) + 1]} g(n) £(o), V(e n) € lew, ea] X [in, 1],
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() = 1l ) £(6). Ve € erea).
ote)={ [vtm) + 3, i) +11] |e+ 1)

+H0u+2) [ o)~ o) g(n)dn+‘”<0)}f<c>, veet,

f(e)
B(c)=—o(c), VeeCls.

The nonnegativity of x follows from the fact that 7, < n' <#’. The nonnegativity of x and yu follows
from their respective definitions directly. The nonnegativity of w and & follows from the relationship
between 7); and 7, (i.e., Wo(7)y,72) =0, implying w(c, 1) =&(c, 1) =0 for any ¢ € [c, cy]) and their
monotonicity in 1. The nonnegativity of 1 follows from Lemma 2).
In the first two possible cases, we have:
1. if é(f1,M) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; = () and
Cy = [cr,cn); and
2. if cp, <é(m, M) < cu, we know that o and /5 are nonnegative on [cr, ¢(7y, 71 )] and [¢(7)1, 1), cu],
respectively. In this case, we have C; = [cr,,¢(Th, )] and Co = [¢(1,T1), cu]-

Therefore, the nonnegativity of ¢ and S holds automatically.

_m+/0Hw(c)dc—/CH/ &(eyn)dnde=vg,

Because

v(e,n) € [er, cnl X [0,1:]:
—Xo9(c) g(n) = x(e,m) + Ao g(n) /ml §e,z)dz =[Ao [v(n) —ve] + A [v(n) +1]] g(n) f(c),
v(e,n) € [er, cul X [, 1]:
=Xo1p(c) g(n) + ple,n) + Ao g(n) /mlﬁ(c,Z) dz=[Xo [v(n) —ve]+ A [v(n) +1]] g(n) £ (),
v(e,n) € [er, en] x [0,m]:
) g0) ) x(eo) + w0 | €l6i2)2 = o) = o] ) )
V(e,n) € [er,ca] x [, i2):
—Ayp(e) g(n) +x(e,n) +&(e,n) + Arg(n) /ﬁj&(w) dz =X [v(n) —ve] g(n) f(c),
V(e,n) € [er, en] x [z, 1]:

M () g(n) +E(em) + g () / £(e2)dz =N [o(n) — vg] g(n) £(0),
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Vee [ep, é):
/c:w(y)d“(c—l)w(C)Jra(C)—/ﬁ:u(c,n)dn
/C:/mlg(y’n)dndyC/ﬁjf(c’n)dnsz[Cf(c)"_F(C)L
Vee (¢ cnl:
/C:¢(y)dy+(c—1)w(c)—ﬁ(c)_/ﬁ:u(c,n) a
_/C:/ﬁjé“(y,n)dndy—c/ﬁjg(c,n)dn:w[Cf(C)JrF(C)]’
we have

5 - H(cH>]+/ o) rides [ 5(0) [ dc+/ / x(en) [as(em) — da(e, )] dnde

/ / w(e,n) [Ga(e,n) —7(c dndc—i—/ / w(e,n) [—éas(c,n)]dnde

/ /gcn [ag)cn T(cq) — / () dy — CT()+/ [)\oozg(cZ)+)\1d3(c,z)]dG(z)]d77dc

0

# [ vt [+ [ rmdnerte - | aslen)dGln s [ aslen) a6 —7(0)] @
_ [ /<a+/ ¥(c)de— / /gcn dndc}HcH)
+/CL /0 [—)\Ow(c)g(n) x(e,n) 4+ Xog(n) / &(eyz dz} G (e,n)dnde
+/: /1 [—)\ow(c)g(n)—i—u(c,n)—&-/\og 7) /5 .z dz} Gia(c,m) dyde
/

[—Alw(C)g(n)—W(c,n)+x(c,77)+hg(n)/ 6(0,2)612} das(c,m)dnde

o & i’l?
3

o] Lw(y)der(c—l)w(c)—ﬁ(c)—/ﬁ e dn—c/gcndn—/c /mgm dndy]m .

_UEH(CH)HE/‘ { CC} dc+/ / Do [0(7) — o] + A [o() + 1]] da(e, ) dG(n) dF (c)
/ / ) — vs] Gs(c,m) dG(n) AF(c).
Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution

into the objective function achieves the upper bound in the first two cases, which follows from:
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1. if é(ny,) < cr, we have é = ¢ and the measure of C; is 0. The government’s expected payoff
from our candidate policy and its upper bound are both 0;

2. if ¢, < é(my,m) < cy, we have

/ e [ +f Ot +A) vl + 4 dG(nﬂ F(ein.in)

cL 1

= {etinoin) [o6) + 5 o)+ 1] + Qut 2) [ ot = o] a0

i)~ [ox+ [ [0+ A+ A) () + A) ;;m)] b Fetinin)

m

=0.

In case (4)(b)(iii), we set C; = [c,cy] and Cy = (), and replace the thresholds 7, and 7, with 7,
and 7y, respectively, where the two thresholds are determined by ¢(71,7;) = cg and Wy (7j,72) = 0.
In this case, the nonnegativity of x, x, i, w, and & follows from their definitions directly. Given the
monotonicity of the function Z (defined by ), the desired nonnegativity of ¢ follows from
the following argument:

o If h(7) <0 and ¢ > &(7y1,72), we have

=(12) <_:(772) <—0.
Y Y

L(ﬁlaﬁQ) =

The inequalities above follow from the fact that 77, <7, and Z(7j,) > 0, as established in Lemma
[EC.3l
o If h(7) <0 and ¢y > &(1y, 1), we have

=) _ (i)
oo T Ao

L(71,72) = — =1("1,72) = 0.

The inequalities above follow from the fact that 7, < 1s.
o If h(77) >0, we have

=(7 =(nf
=) =6 _
D .V
The inequalities above follow from the fact that 7, <n' and Z(n') = Ao h(n) > Ao h(77) > 0.

L(ﬁlaﬁQ) -

The nonnegativity of o follows from the fact that for any c € [cr,, cy], we have

o(c) 2 o(cr) =t2(i) fen) Z t2(02) fer) =0,
where the function ¢, is defined in (EC.29), and the inequality follows from the monotonicity of
t9, as established in Lemma Because all the multipliers remain nonnegative, the objective
function is bounded by fCCLH o(c)dc, which is attained by our candidate solution, i.e.,

/C:H o(c)de— [UE+/1 [(No+ A1+ A)v(n) +A]ldG(n)

M1
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= AAO [w(ik2) + 1] [er — L+ A [L= GOl + [ea — (Mo + A+ A) [1 = G(7)] — 1] v(77)
—A[1-G(m))

= A fv(ilz) + 1] [1 = G(i)] = A [L = G(ip)] v(ilz) = A [L = G(ipn)]

=0,

where the second equality follows from
14+ o+ A1) [1=G(m)]=cu.
When h(77) <0 and & > ¢(11,11), we have
cy > & > (i, i) >e(n',n').

Therefore, it remains to prove cases (4)(b)(iv) and (4)(b)(v) for either (1) h(77) <0 and ¢ > (71, 72),
or (2) h(n) > 0.

The proof of case (4)(b)(iv) closely follows that of case (4)(a)(iv). The nonnegativity of ¢ follows
as: if h(7) <0 and ¢ > &(11,72), we have h(iy) > h(n') > h(1s) = 0; otherwise, we have h(ij) >

h(77) > 0. The nonnegativity of o follows from the fact that for any ¢ € [cy, cy], we have

a(c) > o(er) =t (i) fcr) > ta(n') f(cn) > 0.

Since all the multipliers are nonnegative, optimality is established.
The proof of case (4)(b)(v) is identical to that of case (4)(a)(iv).
This completes the proof. O
Proof of Corollary[3. When A =0, we have

Ui(m,m2) =0 or Ua(ni,m) =0 = 1 ="ns.
Therefore, the optimal solution to the upper-bound problem is reduced to

A _ ]-) V(Cﬂ?) € [CLaé) X [ﬁa 1]7 ~ _ 6‘7 V(C, 77) € [CLaé) X [ﬁa 1]7
Ga(e;m) = { 0, otherwise, Gs(em) = 0, otherwise.

Given any feasible mechanism {7(c),d;(c),aa(c,n),as(c,n)}, the following mechanism
{7(c),a1(c),az(c,n)} is feasible for the original problem and yields the same objective function
value, where a; and a, are constructed as follows:

21le) if 7(¢) >0 Salen) i 7(¢) >0
= 7> ’ ={ o) ’
a1(e) { 0," itr(c)=0, =@M { : 0

This completes the proof. O
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Proof of Proposition[]. By construction, we have

/0 #(0) Do+ M a(0)] de,n) G (n) = / Dodia(e,n) + M (e ] dG(), Ve [er,en).

Hence, under the following mechanism
My = {%(C) =1, a’/l(c) =a- Leeg, (1,2(0, 77) = ]l(c,'r])e[cL,é]x[m,l]} )

constraints and hold automatically. The remaining constraints , , and hold
trivially by their definitions. When 7; > 1,, by definition of 7,, we have

1

/ o+ A &+ A)o(n) +A]dG(n) > / o+ M &+ A) v(n) + Al dG(n).

2 m

Furthermore, the testing threshold satisfies
c<at(MotMa)[1-Gm)]<a+Mo+Aid) [1-G(n)]=c,
implying that the government is better off under mechanism

My ={7"(¢) = Le<ey, a7(€) =@+ Locey, @5(6,0) = Lieamele calxina.1] } -

It is straightforward to verify the feasibility of Ms. Because U}, is the optimal value of the objective
function, the feasibility property implies that

Uy <U.
This completes the proof. ]

EC.5.5. Proofs for Section [5: either conditional approval or leniency unavailable

In this section, we provide the optimal mechanisms in closed form when either condition approval
(a1(c) =0 for any c € [cr,cy]) or leniency (as(c,n) = L,y 1) for any (c,n) € [cr,cu] x [0,1]) is
unavailable, for completeness.

With a slight abuse of notation, in this section, we introduce a new decision variable

042(677]) = T(C) a2(can)v V(C7 77) € [CL>CH] X [O> 1]'

Both parties’ payoff functions boil down to

A~

fi(e, ) = —er(c) + Ag /0 an(c ) dG (1) (EC.30)

and

Un(r, a) = / - /0 (o + A)v(n) + A as(e,n) dG(n) dF (). (EC.31)
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We redefine the government’s utility function as

o(n)=(Ao+A)v(n)+A4A, Vnelo,1],

and denote 9(0) and E[o(n)] by 9, and 0, respectively. With a slight abuse of notation, in this
section, we define

f=inf{ne[0,1]:0(n) >0}.

The government’s problem can be formulated as follows:

max  Ugr(1,ag), (EC.32)

{r.a2}eq]

where the feasible set (2] is determined by , , , and
0<as(c,m) <7(c), V(e,n)€lecr,cu] x[0,1]. (EC.33)

The optimal solution to this restricted problem remains a “take-it-or-leave-it” offer, as stated in
the following proposition.

ProprosiTION EC.2. Consider the optimization problem (EC.32) under Assumption . There
exists a cost threshold & € [cr,cy] and a final approval threshold 7' € [0,1] such that it is optimal

to request testing and grant final approval as follows:

wrn 1, ¥Ye€e[en, ), . 1, ¥(e,m) €ler, &) x 7, 1],
T (e) = { 0, Vee ¢, cnl, as(en) = 0, otherwise.

The values of & and 7' depend on model parameters in the following cases.

(1) If op, I;((f((g)))) + X0 >0, we have ¢ =cy and 7' =min{c *(cy), 7}

(2) If o, I;((f((g)))) + Ao 0 <0, there exists a unique 7 € [0,7] such that

F(e() 3 B
B00) ey + o / 3(y) g(y) dy =0.

(a) If ¢, > c(7), we have & =cp, and 7' =1.

(b) If c;, <c(R) <cm, we have & =¢(7}) and 7' =1).
(c) If ¢(7) < ey < (1), we have & =cy and ) =c*(cy).
(d) If cy <c(77), we have ¢ =cy and 1 =1.

Proof of Proposition|EC.2. 1t is straightforward to verify that our candidate solutions in all
the cases are feasible.

When ¢y < ¢(77), our candidate solution attains the upper bound of the objective function

fﬁl 0(n)dG(n), with all constraints holding automatically. In the remainder of the proof, we focus

on scenarios where cy > ¢(7).
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Invoking envelope theorem, the incentive compatibility constraint can be replaced by (EC.7)) and

CT(C)—)\O/O ag(c,n)dG(n)+H(cH)+/CH T(y)dy=0, Vecé€lcr,cnl. (EC.34)

When ¢y > ¢(7), to prove the optimality in cases 1 and 2(3), define

k=—0(c ' (cn)),
v(e,n)=Xo [0(c  (en)) —0(n)] flc)g(n), V(e,n) € ler,en] x [0,¢ (en)],
p(e,n) =Ko [0(n) —o(c (en))] f(e)g(n), Y(e,n) € ler, cul x [¢ (en), 1],
d(c) = —0(c " (cn)) f(c), Ve € [er, cul,

= |o(c e c—c F(C) 1 v c c€ler,c
o= [t em) [(e=en + F5 |+ [ soay] o), veelencnl

The monotonicity of ¢ implies that
cn>c(i) & Hem) <,

guaranteeing the nonnegativity of k. The nonnegativity of v and u follows from their definitions

directly. Because o(c)/f(c) is decreasing, it suffices to verify the nonnegativity of o(cz). When

~  F(c(0))
YL Fe(0))

+ Ao Ug > 0, we have

1

olen) = oe” o) g7+ [

cHem)

o) 9(v) dy} Flew) > 0.

>0

When 7, ?((gg(((()))))) + X 0p <0 and cy < ¢(77), we have ¢! (cy) > 7, and hence,

atew) = [ole o) 1

Fe@) . [
> [v<n> TRt / v(y)g(y)dy] fen)

[ st sen)

ie.,

—_——
>0 by Assumption e=c(n)
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Because

(cy)] / o(c) [CT 0/ as(c,n)dG(n )+H(CH)+/CH T(y )dy}d

cH cH Yem) cH
—i—/ dc—/ / v(c,m) az(c,n dndc—i—/ / w(e,m) [aa(e,n) —7(c)]dnde
Hem)

- [’“*/“ﬁ d% (ex) (/W:/ T 06 o) — e )] e my e

/CZH/ Len) [=Ao@(c) g(n) + ple,m)] az(e,n) dnde

+/ [ ) +eole) /(b )dy — / (C>77)d77} 7(c)de

= X /H/ ) az(c,n) dG () dF(c),

the objective function is bounded by f c)de. Substituting the decision variables with our

candidate solution attains this upper bound, which follows from

/:Ha@ﬁm—Ao[Z@m@odem>

/LH [a(cl(cH)) [(c—cH)Jrl;((;)] + Ao /Cll(CH)f)(y)g(y)dy} fe)de— X /Cll(CH)g(n)dG(n)

=i en)) [ e Fl0)+ Fe)e
= 0.

To prove the optimality in the remaining two subcases ((2)(a) and (2)(b)), define

K= _fD(ﬁ)a
v(e,n) =Xo [0(7) —o(n)] f(e) g(n), v(e,n) € [er, en] x [0,7],
plen) = o [8n) — ()] (2) g, Y(ern) € exscal x 7, 1,
¢(C) = _{)(ﬁ) f(C), Vee [cLacH]’

= 0(7) |[c—c(n 2 c c
o= [o60) [le= il + L9 n0 [stmstan] o, weeen
ma=—ﬁwﬂk—wm o] [iwata] s, veee

When ¢, > ¢(77), we know that 8 is nonnegative on [cr,cy|. In this case, we have C; =) and C, =
[cr,cr]. When ¢, <¢(7) < ¢y, we know that o and 8 are nonnegative on [cr,c(7)] and [¢(7), cu],
respectively. In this case, we have C; = [cr,c(77)] and Cy = [¢(7]), ¢y ). This guarantees the nonnega-

tivity of all the multipliers (except ¢, which corresponds to an equality constraint).
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Because

M(ex)] / 6(c) [CT /ag(c n) dG(y )+H(cH)+/CH ()dy} dc+/ o(c) 7(c) de

dc—/CH/ v(e,n) asle;n) dndc+/CH/ e foalem) — ()] dyde
_ [—/-H— / ¢>(C)dc] M(cn) + /H / (%0 () g(n) — v(erm)] onle,m) dnde
+/: /1 [~ X0 d(c) g(n) + (e, n)] aa(c,n) dnde
+/cl[ ¢) +egle) / ¢(y) dy — / (0777)(177] (c)de
+/ [ e)Fedle / oy) dy — / (e )dn} r(e)de
0 [ [ swastenacomare

the objective function is bounded by [, o e c)de.
1. In case (2)(a), the government’s payoﬂC generated by our candidate solution and its upper
bound are both 0.
2. In case (2)(b), we have

() 1
/ o) de — Mo F(cl(i)) / 5() aale,n) G ()

— /:ﬁ) [@(ﬁ) [[c—c(ﬁ)H?((s” + o /?7 1@(y) g(y)dy] Fle)de

o F(e(i) / 3(n) aa(e, ) AC ()

(1)
— () / lle— e(i)] £(e) + (o)) de
=0,

establishing the optimality.
This completes the proof. O
When leniency is unavailable, in which case we assume that the government will adopt the

myopic threshold 77" (defined in )7 both parties’ payoff functions are reduced to
M(c,d) = a(c) —e7(c) + [N T(¢) + A1 o (c)] G(77)

and

N———

=21 =z9

Un= [ [pa@+Dor@+ (] [ oln)aGa)+r(e A/ n)+1]dG(n) | dF(e),
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where G denotes the complementary cumulative distribution function of G. By envelope theorem,

we have
1 n .
)= 1y [Mew+ [ s+ - nGa ).

After eliminating «;, the optimization problem can be reformulated as follows:

vg 4+ A1 21

{Tglle}ue(% [FSWel) (cy) + / w(c) 7(c)dF(c), (EC.35)

L

where the virtual valuation function w is given by

’UE+)\1 Al F(C) =/ —t
) = T G) [C Floy NG|+ ozt =
and the feasible set (2, is determined by (2)), (EC.7), (EC.9) and
cH
0= g [Men+ [ T a+ e MG 7o) <reh Ve € euenl x 0.1]

(EC.36)
Assumption |1 guarantees that the virtual valuation w(c) is non-increasing in ¢ when vg + A; z; is
negative, and non-decreasing otherwise. Moreover, w changes its sign at most once as ¢ increases
in [cr,cy]. Therefore, when v + A\ 2 < 0, w is nonnegative if ¢ < ¢y, and non-positive if ¢y < c,

where the threshold ¢, is defined by
co=sup{cé€ [cp,cu]:w(c) >0}. (EC.37)

To characterize the optimal mechanism for the government’s problem without leniency (EC.35),

we make the following assumption.
AssumpTION EC.1. The density function f(c) is differentiable and non-increasing.

Assumption implies that the virtual valuation function ¢+ F(c)/f(c) is increasing.

The optimal mechanism is summarized in the following proposition.

ProrosiTION EC.3. Under Assumption|EC.1, the optimal solution o and T* for the optimiza-

tion problem (EC.35) is as follows:

(1) if ve+ A1 21 >0, then aj(c) =1 and 7*(c) =1 for any c € [cp,cul;
(2) if v+ A1 21 <0 and cg < X G(77), then ai(c) =0 and 7*(c) =1 for any c € [cp, cul;
(3) if vg+ M2 <0, cg > X G(7), and co > X\ G(77'), then

Co — )\0 G(’ﬁl)

aj() =9 1+ M G(7)

,VCG[CL,CoL T*(C):{l’ VCE[CL,C()],
0, Ve € (co, cnl,

0, Ve € (co, cnl;

(4) if ve+ X121 <0, g > X G(77), and ¢ < G(77'), then

« - % . ]., VCG [CL,%O G(ﬁl)],
(0= veelewenl (01={ Ve E Gty o]
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where ¢cq is defined by (EC.37).

Proof of Proposition[EC.3. In case (1), the coefficient of «; in the integrand of the objective
function is nonnegative, i.e., vg + Ay z; > 0. Therefore, it is optimal to set aj(c) =1 for any ¢ €
[cr,cq]. In this case, the government can induce firms of all types to participate, and hence, this
policy is optimal.

In case (2), the coefficient of «; in the integrand of the objective function is negative, i.e.,
vE + A1 21 < 0. Therefore, ignoring all constraints, it is optimal to set o;(c) =0 for any ¢ € [cp, cy].
In this case, the government can still induce firms of all types to participate (cg < Ao G(7)), and
hence, this policy is optimal.

In case (3), we first ignore constraints (EC.7) and (EC.36), and solving the relaxed problem

point-wise yields

[ 1,Ve€]er, e,
7(c) = { 0, Ve € (co, cxl,

satisfying (EC.7) automatically. Plugging the expression of 7 into (EC.8)) yields

Co —)\0 G(’ﬁ/)
Oél(C): 1+Alé(ﬁ/> 7VC€[CL700]7

0, VCG (CO)CH]-
When ¢y > A\ G(77'), the feasibility constraint (EC.36) holds automatically, and thus the solution
above is feasible.
In case (4), it is straightforward to verify that our candidate solution is feasible. When ¢, < ¢q <

Ao G(77'), define

1 1 UE+/\1 Z1
¢:—02_Cl /CL w(y)f(y)dy—m,
1 c
W)= g || v S+ = due f0]. veelee)
o(c) = - i - / w(y) f(y)dy +w(c) f(c), Ve € [e1, 6], and
per=—— [ w1 dy - w0 50), Vee fencul.

where ¢, = Ao G(77') and ¢; is determined by

| 0t f)dy-+ (e - wlea) S(e) =

L

We first verify the monotonicity of w(c) f(c) on [cr, ¢s]. By definition, we have

1 ~( =/ ~( =
:m Moz1+22)(1+MG(@)+ (ve+A121) (=2 G(T)) | fle)+ (ve+ A1 2z1) F(e)

nonnegative and decreasing in ¢ <0

w(c) f(e)
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Under Assumption we know that w(c) f(c) is decreasing in c.

Then we prove the unique existence of ¢; on [cy,cs]. Let

WA= [ 0 1@yt - dule) fle), Vel

Because

¥ (c) =w(c) f(e) —w(ez) f(e2) 20,
Y(er) = (2 —cr)w(ez) fe2) <0, and
c2
vles) = [ i) F)dy>0,
cr
the unique existence of ¢; is guaranteed. The first inequality follows from the monotonicity of
w(c) f(c), and the last inequality follows from the fact that under the mechanism granting no
conditional approval, the government’s expected payoff is strictly positive.

Next, we will prove that ¢, v, o, and u are all nonnegative. By definition of ¢;, we have

<0

A
¢:(>\021+22)f(02)—m [1—F(cy)] >0.

The nonnegativity of v boils down to
he)= [ wlo) £(0)dy+ (e2 = ) wle) F0) 20, vee ew,cal
crL
Taking derivative yields
, d
W(e) = (ez—¢) - (w(e) f(e) 0, Veeler,al,

where the inequality follows from the monotonicity of w(c) f(c). Therefore, the desired property is

reduced to .
her) = / w(y) F) dy+ (es — e) w(er) f(er) 20,

which follows from

/ ") F) dy + (2 — ey wler) fler) > / " w(y) F) dy + (2 — er)w(ez) flez) =0.

For any c € [c1,¢;] and ¢ € [ca, ¢y, we have

and
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respectively. The first and second inequalities follow from the monotonicity of w(c) f(c) on ¢ €

[cr,co) and

u(c) > p(ez) < wlc) fe) Sw(ez) f(c2)
& [Nz +2) 1+MG(T) + (vp + M 21) (=M G(7T))] fle)+ (ve+ M 21) F(c)
< [0z +22) A+ M G@)) + (VB + A1 21) (2 = M G(7T))] f(e2) + (ve + A1 21) Fle2)

for any c¢ € [ca, cg|, where the last step follows from
vp+A21 <0, f(c) < fler), and c— A é(ﬁ/) >0=c2— Ao G(ﬁ/)-

The desired nonnegativity conditions are automatically implied by o(c;) = u(cg) = 0.

Because /L o(y) = 6216 /L w(y) fy)dy, Ve ler,eil,
we have
— / 1U+E ; AGI(ZI)
(c2—c)v(c) — . ( )dy =w(c) f(c), Ve € lep,al,
o) - / v(y) dy = w(e) f(c), Vee [, ea), and
e [ v dy=uie) 10 Vee fea, ).
Therefore,
o 1=en))= [ [en)+ [ )y e =206 )| vie)ae
4 / (e)o(c) de— / H (e) u(c) de
_ [_¢_/C:1 y(c)dc] H(cH)+/: [ er— ) / V(y)d ] ¢)de
+/ [o(c)—/cjv(y)dy] ()dc+/C:H[ u(e)— / v(y)d } r(e)de
:% n(cH)+/C:H w(e)(e) dF(c).
Therefore, the objective function is bounded by [a(c)de. Substituting our candidate primal

solution into the objective function yields fCL w(y) fy )dy7 which is the same value as the upper

bound, i.e.,

/:a(y) dyz/:2 [ ! /Clw(z)f(z)dz—l—w(y)f(y) dy

C2—C Jp
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-/ " o) £ ) dy+ / ) ) dy

Ccyr, c1

= [Tuw s

CL
This establishes the optimality of our candidate solution.
When ¢y = —o0, the virtual valuation function w is always non-positive on [cr, cg]. Moreover,
the coefficient of II(cy) is also negative; hence, it is evident that the optimal mechanism is to not
request testing and to grant no conditional approval.

This completes the proof. ]
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