
Appendix

A Proof of Proposition 1

The agents’ expected present values are
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1 + rdt
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∫
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Consider the expression for Vi(i) (Ve(e) is symmetric). Multiply both sides by 1 + rdt, cancel
out the two terms that contain Vi(i) but not dt, and divide by dt to obtain

rVi(i) = λi

∫
e∈µi(i)

max {πi(i, e, c∗), Vi(i)}dF (e) + λi

∫
e 6∈µi(i)

Vi(i)dF (e)− λiVi(i).

Move λiVi(i) to the left-hand side and divide everything by r + λi. Equation (8) follows.

B Example contract terms: Reata Pharmaceuticals (NAS: RETA)

Sections of Reata Pharmaceuticals 2003 Series A certificate of incorporation that contain contract
term information.

B.1 Equity sold and share price

The Series A investors purchased 1,751,000 shares at $1.00/share at an approximate $8.25m pre-
money, $10m post-money valuation (17.5% of equity):

The total number of shares of capital stock that the Corporation shall have authority to
issue is 90,000,000, consisting of 55,000,000 shares of common stock, par value $0.001
per share (the “Common Stock”), and 35,000,000 shares of preferred stock, par value
$0.001 per share (the “Preferred Stock”). [...] 1,751,000 shares of Preferred Stock are
designated as the Corporation’s Series A Convertible Preferred Stock (the “Series A
Preferred Stock”). [...] for each share of Series A Preferred Stock then held by them
equal to $1.00 (as adjusted for any stock splits, stock dividends, recapitalizations,
combinations, or similar transactions with respect to such shares after the filing date
of this Certificate, the “Original Issue Price”).

The equity stake sold is calculated by data providers Pitchbook and VC Experts using a propri-
etary model that estimates the total number of issued shares out of the total shares authorized.
Pitchbook estimates that a total of 10 million shares were issued at the time of the Series A
financing.28

28See https://my.pitchbook.com/profile/44160-31/company/profile#deal-history/19114-57T.
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B.2 Cumulative dividends

The following details the cumulative dividends available to the Series A investors:

The holders of the outstanding shares of Series A Preferred Stock shall be entitled to
receive dividends from time to time out of any assets legally available for payment of
dividends equal to $0.08 per annum per share [...] Dividends on each share of Series
A Preferred Stock shall be cumulative and shall accrue on each share from day to day
until paid, whether or not earned or declared, and whether or not there are profits,
surplus, or other funds legally available for the payment of dividends.

B.3 Liquidation preference and participation

This section details the liquidation preference for the Series A shareholders:

The Series A Preferred Stock ranks senior with respect to distributions on liquidation
to any Equity Securities that do not by their terms rank senior to or on a parity with
Series A Preferred Stock, including the Common Stock. In the event of any liquidation,
dissolution, or winding up of the Corporation, either voluntary or involuntary, the
holders of the Series A Preferred Stock shall be entitled to receive, after payment
or distribution and setting apart for payment or distribution of any of the assets or
surplus funds of the Corporation required to be made to the holders of Liquidation
Senior Stock (the “Liquidation Senior Stock Preference”), but prior and in preference
to any payment or distribution and setting apart for payment or distribution of any of
the assets or surplus funds of the Corporation to the holders of the Common Stock and
to the holders of any other Equity Securities ranking junior to the Series A Preferred
Stock with respect to distributions on liquidation, an amount for each share of Series
A Preferred Stock then held by them equal to $1.00. [...] plus all accrued or declared
but unpaid dividends on the Series A Preferred Stock up to and including the date of
payment of such Liquidation Preference (the “Liquidation Preference”).

This text details the participation rights of the Series A investors:

If, after full payment of the Liquidation Senior Stock Preference, if any, the assets
and funds of the Corporation legally available for distribution to the Corporation’s
stockholders exceed the aggregate Liquidation Preference payable pursuant to Section
2.2(a) [i.e, see quote above] of this Article Four, then, after the payments required by
Section 2.2(a) of this Article Four shall have been made or irrevocably set apart for
payment, the remaining assets and funds of the Corporation available for distribution
to the Corporation’s stockholders shall be distributed pro rata among (i) the holders
of the Common Stock, (ii) the holders of the Series A Preferred Stock (with each
such holder of Series A Preferred Stock being treated for this purpose as holding the
greatest whole number of shares of Common Stock then issuable upon conversion of
all shares of Series A Preferred Stock held by such holder pursuant to Section 2.5 of
this Article Four), and (iii) among the holders of any other Equity Securities having
the right to participate in such distributions on liquidation, in accordance with the
respective terms thereof.
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B.4 Board rights

Along with data collected by data providers such as VentureSource and Pitchbook, the certificate
of incorporation shows that the Series A investors also have at least one board seat:

[I]ncluding at least one member of the Board appointed by the holders of the Series A
Preferred Stock.

C Contraction mapping details

The discrete-time representation derived in Proposition 1 allows us to numerically solve the con-
traction mapping (8) and (9) as a system of interdependent Bellman equations. Specifically,

1. We assume that Fi(i) and Fe(e) are flexible Beta distributions on [0,10]. We discretize
qualities i ∼ Fi(i) and e ∼ Fe(e) by using a quadrature with 50 points for each distribution,
resulting in 2,500 possible combinations of partner qualities. This fine grid proves more
than sufficient to adequately approximate continuous distributions. The technical role of
the support normalization is to allow for a sufficiently wide support of qualities so that the
tails of the Beta distributions disappear at the boundaries. If the support is too narrow
so that the density of qualities is positive at its boundaries, this would indicate that some
qualities are not captured by the distribution. Our results are robust in the presence of
wider and slightly narrower supports.

2. For any i and e, we set the initial guess of continuation values equal to V 0 = (V 0
i (i), V 0

e (e)) =
(0, V̄ ), where V̄ is sufficiently large. For example, if the only contract term is the fraction of
equity that the investor retains, then V̄ = ve(̄i, ē, 0): the entrepreneur is guessed to retain
the entire firm.29 For any i and e, we set the initial guess of qualities of those agents from
the opposite population, who are willing to match, equal to (µ0

i , µ
0
e) = (µ0

i (i), µ
0
e(e)) =

(1i=ī[e, ē], [i, ī]). This choice implies that few agents are initially guessed to match, so the
initial update to V 0, explained below, is smooth.

3. For every n ≥ 1, we obtain V n = (V n
i (i), V n

e (e)) and (µni , µ
n
e ) = (µni (i), µne (e)) by inputting

V n−1 and (µn−1
i , µn−1

e ) into the right-hand side of the system of equations (8)–(9) and solving
for the left-hand side. Because the system is a contraction mapping, V = limn→∞ V

n is the
equilibrium. We stop the process when ‖V n − V n−1‖ < ε, where ε > 0 is sufficiently small.

While theoretically there can be multiple equilibria in the search and matching game, we were
unable to find parameters for which the equilibrium is not unique, despite examining a very broad
parameter set.

29The static matching literature shows that this initial guess is consistent with an entrepreneur making an offer
to match with a sufficiently good investor, and leads to computation of the so-called “entrepreneur-friendly” equi-
librium. This terminology is somewhat confusing in the dynamic setting with contracts, as, once encountered and
offered to match, it is an investor who offers the contract to an entrepreneur. The situation where the entrepreneur
approaches the investor but is offered a take-it-or-leave-it contract in return is consistent with practice in the venture
capital market. Our robustness checks explore the situation when the entrepreneur has extra bargaining power in
addition to its threat to walk away from the deal and match with a different investor in the future.
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D Derivation of theoretical moments

Let we be the discretized probability that an investor meets an entrepreneur of quality e; wi be
the discretized probability that an entrepreneur meets an investor of quality i; and the match
indicator m(i, e) = 1 if i and e form a startup, and zero otherwise.

D.1 Contract-related moments

The expected value of contract term c∗k(i, e), k ∈ {1..D} across all deals is

E(c∗k) =

∑
i

∑
ewiwem(i, e)c∗k(i, e)∑
i

∑
ewiwem(i, e)

. (17)

The variance of c∗k(i, e) across all deals is

V (c∗k) =

∑
i

∑
ewiwem(i, e)(c∗k(i, e)− E(c∗k))

2∑
i

∑
ewiwem(i, e)

. (18)

For terms that only take values of zero or one, the variance does not contain additional, compared
to the expected value, information, so we do not use it in the estimation. Finally, the covariance
between any two contract terms c∗k(i, e) and c∗l (i, e), k, l ∈ {1..D} across all deals is

Cov(c∗k, c
∗
l ) =

∑
i

∑
ewiwem(i, e)(c∗k(i, e)− E(c∗k)) · (c∗l (i, e)− E(c∗l ))∑

i

∑
ewiwem(i, e)

. (19)

D.2 Moments related to expected time between deals

Recall that after a successful deal, the distribution of the number of new encounters for investor
i is a Poisson random variable with intensity λi. Each encounter, in equilibrium, results in a deal
with probability pi =

∑
ewem(i, e). The distribution of the number of deals, conditional on k

meetings, is therefore an independent Binomial distribution with number of trials k and success
probability pi. This implies that the distribution of the number of deals is a Poisson distribution
with intensity λipi. Therefore, the time between deals, τ , for investor i has mean and variance
equal to

E(τ |i) =
1

λipi
; V (τ |i) =

1

(λipi)2
. (20)

Across all deals done by investors with different qualities, the expected time between deals is,
from the law of iterated expectations,

E(τ) = E[E(τ |i)] =
∑
i

w∗iE(τ |i),

where w∗i = wi
∑
e wem(i,e)∑

i

∑
e wiwem(i,e) is the equilibrium share of deals done by investor i among all deals.

This is different from wi, the probability distribution of investors, because some investors match
more frequently than others. Inserting w∗i into the above equation and using (20),

E(τ) =

∑
i

∑
ewiwem(i, e) 1

λipi∑
i

∑
ewiwem(i, e)

. (21)
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Because τ is random for any given deal, its variance is, from the law of total variance,

V (τ) = E[V (τ |i)] + V [E(τ |i)]. (22)

Using (20), the first term of (22) is

E[V (τ |i)] =

∑
i

∑
ewiwem(i, e) 1

(λipi)2∑
i

∑
ewiwem(i, e)

;

additionally using (21), the second term is

V [E(τ |i)] =
∑
i

w∗i (E(τ |i)− E(τ))2 =

∑
i

∑
ewiwem(i, e)

(
1

λipi
− E(τ)

)2∑
i

∑
ewiwem(i, e)

,

The covariances between τ and contract term c∗k(i, e), k ∈ {1..D} across all deals can similarly
be derived from the law of total covariance,

Cov(τ, c∗k) = E[Cov(τ, c∗k|i)] + Cov[E(τ |i), E(c∗k|i)] (23)

The first term of (23) is zero, because the time between deals does not vary with contract terms

for a given investor. Using (17), (20), (21), and E(c∗k|i) =
∑
e wem(i,e)c∗k(i,e)∑
i

∑
e wiwem(i,e) , the second term is

Cov[E(τ |i), E(c∗k|i)] =
∑
i

w∗i (E(τ |i)− E(τ)) · (E(c∗k|i)− E(c∗k))

=

∑
i

∑
ewiwem(i, e)

(
1

λipi
− E(τ)

)
· (c∗k(i, e)− E(c∗k))∑

i

∑
ewiwem(i, e)

.

D.3 Success outcome-related moments

Recall that the probability of success for a given deal is

Pr(Success = 1|i, e) = Φ(κ0 + κ1 · π(i, e, c∗(i, e))), (24)

with Φ the standard normal c.d.f. The expected success rate across all deals is then

E(Success) = E [E(Success = 1|i, e)] (25)

= E [Pr(Success = 1|i, e)]

=

∑
i

∑
ewiwem(i, e)Φ(θ0 + θ1 · π(i, e, c∗(i, e)))∑

i

∑
ewiwem(i, e)

.

Similarly to (22), because Success is random for any given deal, its variance is, from the law
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of total variance,

V (Success) = E(V (Success|i, e)) + V (E(Success|i, e)) (26)

= E(Pr(Success = 1|i, e) · (1− Pr(Success = 1|i, e))) + V (Pr(Success = 1|i, e))

=

∑
i

∑
ewiwem(i, e)Φ(θ0 + θ1 · π(i, e, c∗(i, e))) · (1− Φ(θ0 + θ1 · π(i, e, c∗(i, e))))∑

i

∑
ewiwem(i, e)

+

∑
i

∑
ewiwem(i, e)(Φ(θ0 + θ1 · π(i, e, c∗(i, e)))− E(Success))2∑

i

∑
ewiwem(i, e)

,

where we use (24) and (25) to arrive at the final expression.
The covariances between Success and contract term c∗k(i, e), k ∈ {1..D} across all deals are

Cov(Success, c∗k) = E(Cov(Success, c∗k|i, e)) + Cov(E(Success|i, e), E(c∗k|i, e)) (27)

= Cov(Pr(Success|i, e), c∗k(i, e))

=

∑
i

∑
ewiwem(i, e)(Φ(θ0 + θ1 · π(i, e, c∗(i, e)))− E(Success)) · (c∗k(i, e)− E(c∗k))∑

i

∑
ewiwem(i, e)

,

where E(Cov(Success, c∗k|i, e)) is zero because the contract is deterministic for a given pair of
investor and entrepreneur, and therefore does not vary with the startup’s success outcome. To
arrive at the final expression, we use (17), (24), and (25).

Finally, the covariance between Success and τ across all deals is

Cov(τ, Success) = E[Cov(τ, Success|i)] + Cov[E(τ |i), E(Success|i)] (28)

= Cov[E(τ |i), E(Success|i)]
=

∑
i

wi[E(τ |i)− E(τ)] · [E(Success|i)− E(Success)]

=

∑
i

∑
ewiwem(i, e)

(
1

λipi
− E(τ)

)
· (Φ(θ0 + θ1 · π(i, e, c∗(i, e)))− E(Success))∑

i

∑
ewiwem(i, e)

,

where E[Cov(τ, Success|i)] is zero because the time between deals does not vary with the startup’s
success outcome for a given investor. To arrive at the final expression, we use (20), (21), (24),

(25), and E(IPO|i) =
∑
e wem(i,e)Pr(IPO|i,e)∑

i

∑
e wiwem(i,e) =

∑
e wem(i,e)Φ(θ0+θ1·π(i,e,c∗(i,e)))∑

i

∑
e wiwem(i,e) .

E Positively assortative matching in matching models with contracts

Figure 3 shows that better VCs tend to match with better entrepreneurs, but this pattern is
imperfect. The following proposition shows that if the contracts were, instead, exogenous, and
the matching function g(i, e) exhibited a sufficient degree of complementarity, we would obtain
positively assortative matching (e.g., good VCs would always match with good entrepreneurs):

Proposition 2. Suppose that ρ ≤ 0 in specification (10) for g(i, e), and that c∗(i, e) ≡ const is
exogenous. Then, the model solution admits positively assortative matching.
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Proof: The result follows from Shimer and Smith (2000) and Smith (2011). Specifically, when
ρ = 0 and c∗(i, e) ≡ const, π(i, e, c∗) depends on types i and e multiplicatively and is therefore log-
modular. As a result, the model solution admits block segregation, in which VCs within a certain
band of qualities only match with entrepreneurs within a certain band of qualities and never with
anyone else, and vice versa. Formally, for k ≥ 1, any VC quality [̂ik, îk−1] matches with any
entrepreneur quality [êk, êk−1], where (̂i0, ê0) = (̄i, ē) and (̂ik, êk), k ≥ 1 are endogenous functions
of model parameters. Block segregation immediately implies positively assortative matching.
Further, when ρ < 0 and c∗(i, e) ≡ const, π(i, e, c∗) is log-supermodular, which implies strict
positively assortative matching.

When contracts are endogenous, there is no guarantee that the model solution admits posi-
tively assortative matching. In particular, Figure 3 shows that this matching pattern does not
occur under our parameter estimates. This pattern is even more distorted in settings, in which
qualities are weaker complements (e.g., in the IT market, as shown in Table A4). Intuitively, be-
cause contracts are chosen endogenously, it can pay, for a lower-quality VC who otherwise would
have been excluded by the best entrepreneurs, to offer a larger fraction of the startup to these
entrepreneurs to make a deal. The lower the VC quality, the higher is the fraction it has to offer
to a given entrepreneur, and the higher is the cut-off on the entrepreneur quality, at which this VC
can benefit.30 This result suggests that it may be risky to simply assume positively assortative
matching in settings that are affected by contracts (e.g., Cong and Xiao, 2018; Sannino, 2019).

F Calibration of the value of convertible preferred equity

To rationalize the 13.5% estimated valuation gap between common equity and (nonparticipating)
convertible preferred in the value-maximizing contract of the search model, consider the following
example. A startup raises $1 million using a preferred equity security that is convertible into
14.7% of common equity (the estimated value-maximizing equity share). As is common for first
rounds, the liquidation preference is 1X. The annual risk-free rate is 2% and the expected time
until exit is 5 years (these are the average numbers over our sample period). The startup’s value
is $4 million, with return volatility of 50% per year. For simplicity, assume no future financing
rounds are expected to be necessary.

Metrick and Yasuda (2010) derive the contingent claims valuation of convertible preferred
equity. Under the above assumptions, the Black-Scholes value of the convertible preferred is $1.0
million, or 25.0% of firm value, which is close to the estimated 28.2% of firm value that the VC
receives in our model. Relative to 14.7% of common equity, the Black-Scholes valuation implies
that the convertible preferred feature is worth 10.3% of firm value.

The contingent claims example ignores other contractual features of the convertible preferred
equity security, such as voting rights and protective provisions, which are nearly always present.
These features increase the security’s value and widen the valuation gap with common equity.

Note that the true $4 million valuation is different from the post-money valuation computed
as $1 million / 0.147 = $6.8 million. The post-money valuation overstates the true value because

30Formally, the VC’s payoff may not be log-supermodular in the deal, in which an entrepreneur of the highest

quality matches with a VC of the lowest quality allowed for such an entrepreneur in equilibrium:
∂πi(i,e,c∗(i,e))

∂i∂e
< 0

(see Theorem 1 in Smith (2011)).
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its calculation assumes common equity (Gornall and Strebulaev, 2019).
Finally, note that the estimated valuation gap between convertible preferred and common

equity is substantially smaller for the average observed contract c∗,Avg and the unconstrained VC
contract c∗,Unc.

G Counterfactual analysis: Removing contractual features

Because some contractual features appear to benefit VCs at the expense of the startup, we consider
the effect of removing certain contract terms that implement these features on deal values, the
frequency of deals, and the present value of all deals in the market. A naive approach would
be to simply remove a term that implements a particular feature and recalculate the startup
value and its split for all deals, but this approach ignores the fact that, in the new equilibrium,
agents rebalance the remaining terms that implement the remaining features and they may match
differently. Instead, we consider the aggregate equilibrium effect and decompose it into two partial
effects. The first effect captures the rebalancing of contract terms, while constraining VCs to
compensate entrepreneurs enough to retain the match. This effect is still off-equilibrium, as some
VCs who suffer a decrease in their expected value have incentives to rematch. Still, this exercise
helps to understand the impact of contracts on the firm in the absence of market effects. The first
three columns of Table A2 show that the average effect of re-balancing terms on the startup’s value
and its split is uniformly negative and very small. For example, if contractual features implemented
by participation (VC board seats) are removed, rebalancing results in a 0.01% (0.14%) decrease
in the startup’s value. The VC’s value decreases by the same amount (all effects in Panel A are
expressed as percentages of the average startup value from our main model).

The second effect captures the rematching that occurs when VCs rebalance the remaining
contract terms without constraining them to keep the same matches. If contractual features im-
plemented by participation are removed, the aggregate equilibrium effect is a 2.45% decrease in
average startup value, implying that rematching alone is responsible for a 2.44% decrease. The
aggregate equilibrium distribution of value to the VC (entrepreneur) decreases by 1.51% (0.94%),
so that rematching alone is responsible for a 1.50% (0.94%) decrease. Removing contractual
features implemented by VC board seats has comparable effects, decreasing the aggregate equilib-
rium distribution of value to the VC (entrepreneur) by 1.62% (0.81%). The effects from removing
pay-to-play features are much smaller.

One explanation for the modest value effects is that the market for venture capital exhibits
a high degree of contractual completeness, so that removed features are easily replicated by the
remaining contract terms. Alternatively, it may be that deal-specific effects are large, but they
cancel out in the aggregate. We find only limited evidence for this alternative explanation. In
unreported analysis, the largest effect from removing participation is for entrepreneurs with qual-
ities in the lowest decile, whose startups increase in value by 41.57%, with VCs (entrepreneurs)
gaining 20.40% (21.17%). However, these deals’ values are too small to strongly impact the av-
erage startup value across all deals. At the same time, the effect is small for startups formed
by entrepreneurs with qualities above the median and for startups financed by investors of any
quality. The effect from removing VC board seats is similar, while that of removing pay-to-play
is small across all qualities.

The fourth column of Table A2 Panel B shows the effects on deal frequencies. If features im-
plemented by participation are removed, deal frequency increases by 5.30% on average. Similarly
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to deal values, this is mainly driven by entrepreneurs of low qualities: for example, entrepreneurs
with qualities in the lowest decile match 27.42% more frequently, while entrepreneurs with qual-
ities in the top decile, in fact, match 3.69% less frequently. Additional deals with low-quality
entrepreneurs are conducted by low-quality investors: investors with qualities in the 10th to 50th
percentiles match 13.85% more frequently, while investors with qualities in the 50th to 90th per-
centiles lose entrepreneurs and match 2.46% less frequently. Removing VC board seats has a
similar effect, while removing pay-to-play does not materially affect deal frequencies.

The combined intuition behind the value and frequency results is as follows. Elimination
of VC-friendly terms reduces, in any given deal, value for the VC and improves value for the
entrepreneur and startup as a whole. The agents’ values of waiting are similarly impacted. As
a result, entrepreneurs become more selective and are prepared to wait for investors of higher
quality and drop investors of lower quality. The opposite is true for investors. Whether the average
startup value across all deals increases or not depends on the eagerness with which investors of
high versus low quality are prepared to accept deals with entrepreneurs of lower quality than
before. For our estimated parameters, the density of investors of low quality (and hence their
competitiveness) is high, so elimination of VC-friendly terms strongly decreases their bargaining
power, which leads to an influx of low-value deals signed with entrepreneurs of low quality who
were hitherto virtually ignored. This influx positively affects the average deal frequency (despite
the counterbalancing impact of entrepreneurs of high quality dropping their worst matches) and
negatively affects the average startup value (despite the counterbalancing impact of higher-value
deals signed by entrepreneurs of high quality).31

The above intuition suggests that even though the average deal value decreases in the absence
of VC-friendly terms, there are more deals in the market, which can lead to a larger overall market
size. The last three columns of Table A2 show how the changes in deal values and frequencies
combine to affect the expected present value of all deals in the market (the market size). For
example, when participation is removed, the expected present value of all deals increases by 1.70%.
VCs (entrepreneurs) on average lose 0.20% (gain 1.90%) (all effects are expressed as a percentage
of the expected present value of all deals under estimated parameters). More detailed analysis
reveals that entrepreneurs of high quality benefit disproportionately: top decile entrepreneurs
capture 15.8% of the total entrepreneurial gain in present value, or 17.7% of the total change in
the present value of all deals. When VC board seats are removed, the present value of all deals
increases by 1.66%, while VCs (entrepreneurs) on average lose 0.35% (gain 2.00%). Pay-to-play
has little impact, since its impact on both values and frequencies is negligible.

To summarize, a removal of VC-friendly features could lead to modest firm value creation,
suggesting that the market could benefit from (self-)regulation by restricting some VC-friendly
features, such as the “double-dip” of participation. However, attempts to regulate contracts will
likely encounter resistance from certain VCs and entrepreneurs (including high quality VCs),
because they lose out following the removal of such terms. A few other caveats apply. First,
because we do not explicitly model mechanisms through which contractual terms affect values,
we cannot examine the effect of including a new feature, or removing a feature that is always
present. Second, we cannot control for VCs devising new contract terms that implement the same

31For other parameters (i.e., if investors’ qualities are more evenly distributed, decreasing competitiveness among
investors of low quality), we find that the influx of low-value deals can be dominated, in terms of its impact on the
average value of deals and their frequency, by the impact of less frequent high-value deals signed by entrepreneurs
of high quality.
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features as the terms that are taken away, and it is complicated to write legal rules that prevent
such contractual engineering. Finally, we do not consider entry and exit into the VC market.
Because VC values are less affected than entrepreneurs, removing VC-friendly contract features
would likely add more value from newly entering entrepreneurs than what is lost from departing
VCs.

H Extensions

H.1 Overconfidence

There is ample evidence that entrepreneurial individuals are overconfident, i.e., assign a higher
precision to their information than the data would suggest.32 Our model easily extends to allow
for overconfidence on the part of agents. Modify (5) and (6) as

πji (i, e, c
∗) = α(c∗) · πj(i, e, c∗), (29)

πje(i, e, c
∗) = (1− α(c∗)) · πj(i, e, c∗), (30)

where superscript j ∈ {i, e} indicates that VCs and entrepreneurs compute the total value and its
split using potentially different beliefs. Let counterparty j ∈ {i, e} believe that with probability pj ,
signal e about entrepreneur quality is correct, and with probability 1−pj , the signal is completely
uninformative, so that entrepreneur quality is a random draw from Fe(e). Then, πj(i, e, c∗) =
i · (pje + (1 − pj)ē) · h(c∗). For example, the case of entrepreneurs entirely relying on the signal
about their quality but VCs doubting it is pe = 1 and pi < 1. In the presence of the difference in
beliefs, the incentive rationality condition of the entrepreneur, (7), becomes

c∗(i, e) = arg max
c∈C:πee(i,e,c)≥Ve(e)

πii(i, e, c). (31)

Note that even though the VC solves its optimization problem under its own beliefs, it has to
provide the entrepreneur with at least its expected present value from continued search under
the entrepreneur’s beliefs. We compare parameter estimates of the main model with those of the
modified model for (pi, pe) = (0.75, 1). Panel B of Table A7 shows that even a rather substantial
entrepreneurial overconfidence does not appear to affect the estimates.

H.2 Match-specific shocks

Two key results of the main model is that the set of counterparties a VC or entrepreneur matches
with is fixed in equilibrium (however, within this set, the agents can match randomly), and that a
given combination of agents always signs the same contract. One limitation of our model is that
in reality, deal-specific information revealed during due diligence and contract negotiation may
prevent a match between good-quality counterparties or allow a match between counterparties of
vastly different qualities, or result in very different contracts between identical pairs of VCs and
entrepreneurs by quality. Another limitation is that for many parameters, the model imposes a
theoretical bound on the VC fraction of equity and firm value, which is estimated at 44.5% and
52.8%. However in practice, there are deals in which VCs sign deals with more VC-friendly terms.

32Theoretical and empirical research on entrepreneurial overconfidence includes Cooper, Woo, and Dunkelberg
(1988), Busenitz and Barney (1997), Camerer and Lovallo (1999), Bernardo and Welch (2001).
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To address both concerns, we extend the model to include match-specific shocks. Specifically,
we change (4) as

π(i, e, c, z) = g(i, e) · h(c, z), (32)

where z is a match-specific shock drawn from N(0, σ2). An alternative specification, in which z
affects g instead, gives similar results but does not address the second limitation of the main model,
because the bound on VC-friendly contracts is entirely determined by h. h(c, z) is parameterized
as

h(c∗, z) = exp
{
β1c
∗
1 + (β2 + z)c∗21 + β′3:D+1c

∗
1(1− c∗1)c∗2:D

}
. (33)

The idea behind this particular parameterization is that deals between identical pairs of VCs and
entrepreneurs by quality can still differ in terms of entrepreneurial risks and cost of effort, and
agency conflicts between the parties, which tend to be more important as the VC owns a larger
fraction of the firm. Alternative parameterizations, in which z impacts β1 or all coefficients at
once, give similar results.

Due to high computational complexity of adding an additional state variable, we discretize
quality distributions on a 30 point grid and the distribution of match-specific shocks on a five
point grid. The extended model’s theoretical bound on the VC fraction of equity is 100% (for
very low realizations of z) and thus encapsulates all observable deals. Panel C of Table A7 shows
that the addition of a match-specific shock does not substantially affect the estimates.

H.3 Investment amount

In the main model, we do not treat capital raised by an entrepreneur as an endogenous contract
term. This assumption is consistent with the view that the entrepreneur’s idea requires a fixed
amount of capital and constitutes a fraction of the entrepreneur’s quality. An alternative polar case
would be to treat capital raised as an entirely endogenous term. This assumption is consistent with
the view that it is the entrepreneur’s intrinsic quality, but not the startup’s financing requirements,
that determines the amount of capital a VC will give it. The reality is somewhere in between the
two polar cases. Entrepreneurs may be unable to realize their idea at all if the amount of capital
is below a certain threshold, while incremental improvements from the amount of capital above
their initial estimate may be modest. Additionally, legal conventions in VC agreements produce
a natural upper bound on capital invested in a single startup. In particular, VCs typically cannot
have an investment in any startup exceed 10-15% of the total fund size.

In this section, we take an alternative polar view that capital raised is entirely endogenous.
Specifically, we modify (11) as

h(c∗) = exp
{
β0 log c∗0 + β1c

∗
1 + β2c

∗2
1 + β′3:D+1(1− c∗1)c∗2:D

}
, (34)

and modify (5) as
πi(i, e, c

∗) = φ(c∗0) · α(c∗) · π(i, e, c∗), (35)

keeping (6) unchanged. Equation (34) implies that the matching function in the presence of
endogenous investment exhibits returns to scale with factor β0. Equation (35) implies that the
VC experiences costs of investment 1 − φ(c∗0) per unit of profit. These include direct costs, such
as loss of c∗0 at the time of financing, and indirect costs, such as time and effort spent monitoring
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and making decisions on the board of directors. We parameterize φ(c∗0) = exp{γ0c
∗
0}.33

The model with endogenous investment amount (an additional continuous contract term) is
very computationally complex, therefore we do not attempt to estimate it. Instead, we examine
its comparative statics with respect to β0 and γ0. For all reasonable parameter values, the model
produces several unsatisfactory results. First, for a given entrepreneur, investments by the worst
VCs it matches with are substantially higher than by the best VCs, as the worst VCs try to
retain better entrepreneurs despite (as a practical concern) facing tighter upper bounds on capital
invested in a single startup. Second, this pattern of investments results in a lower variance of
the VC equity share, moving it farther away from that in the data. Finally, the dispersion of
VC investments scaled by the industry-time average investment in the data is 144%, but the
model underestimates it by a factor of 10 even for β0 close to 1 (high returns to scale should
result in a high dispersion). A fixed entrepreneur quality-related component in the VC investment
amount would move the model output closer to the data, but this correction essentially amounts
to assuming that investments are largely exogenously determined by agents’ qualities. In any case,
even if the investment amount is indeed endogenous, it does not appear to affect moments of the
model unrelated to investment for all reasonable parameter values.34 In turn, it is unlikely that
the impact of other contract terms on deal values and their split would be substantially affected.

33It is easy to justify the positive relationship between total costs of investment and the VC share of the firm via
a simple model. See, e.g., Grossman and Hart (1986).

34These results are available from the authors upon request.
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) χ)2 χ
is

a
fl

ex
ib

le
co

n
st

an
t-

el
as

ti
ci

ty
-o

f-
su

b
st

it
u

ti
on

(C
E

S
)

fu
n

ct
io

n
th

at
ca

p
tu

re
s

d
ev

ia
ti

on
s

o
f
f e

(e
,i

)
fr

om
th

e
ra

n
d

om
se

a
rc

h
ca

se
(χ

=
0)

;
c.

d
.f

.
F
i(
i,
e)

of
in

ve
st

or
q
u

al
it

y
en

co
u

n
te

re
d

b
y

en
tr

ep
re

n
eu

r
e

is
d

efi
n

ed
sy

m
m

et
ri

ca
ll

y
).

P
a
n

el
C

re
p

or
ts

es
ti

m
at

es
w

h
er

e
en

tr
ep

re
n

eu
rs

h
av

e
ad

d
it

io
n

al
b

ar
ga

in
in

g
p

ow
er

to
sh

if
t

th
e

co
n
tr

a
ct

to
w

a
rd

s
th

e
en

tr
ep

re
n

eu
r-

op
ti

m
al

ou
tc

om
e

(t
h

e
b

ar
ga

in
in

g
p

ow
er

p
ar

am
et

er
is

20
%

).
S

ig
n

ifi
ca

n
ce

:
∗∗
∗ :

p
<

0.
01

,
∗∗

:
p
<

0.
05

,
∗ :
p
<

0
.1

0.

A
.

D
ir

e
c
te

d
se

a
rc

h
I

B
.

D
ir

e
c
te

d
se

a
rc

h
II

C
.

E
n
t.

b
a
rg

a
in

in
g

p
o
w

e
r

P
a
ra

m
e
te

r
E

st
im

at
e

S
.E

.
E

st
im

at
e

S
.E

.
E

st
im

at
e

S
.E

.

D
is

tr
ib

u
ti

o
n

o
f

q
u
al

it
ie

s,
a
i

1.
90

0
∗∗
∗

0.
67

4
2.

00
8∗
∗

0.
93

0
2.

02
0
∗∗
∗

0.
61

0
D

is
tr

ib
u
ti

on
of

q
u
a
li
ti

es
,
b i

3.
51

6
∗∗
∗

0.
71

7
4.

10
6∗

2.
17

2
3.

57
6
∗∗
∗

1.
34

1
D

is
tr

ib
u
ti

on
of

q
u
al

it
ie

s,
a
e

3.
34

3
∗∗
∗

0.
25

0
3.

07
0∗
∗

1.
77

1
3.

08
7
∗∗

1.
48

3
D

is
tr

ib
u
ti

on
of

q
u
al

it
ie

s,
b e

5.
25

3
∗

2.
72

5
4.

55
9
∗∗

1.
97

7
4.

07
0
∗∗
∗

0.
94

9
B

as
e

fr
eq

u
en

cy
of

en
co

u
n
te

rs
,
λ
i

9.
00

1
∗∗
∗

2.
28

0
13

.3
30
∗∗

6.
22

8
9.

90
3∗
∗

4.
38

3
B

as
e

fr
eq

u
en

cy
of

en
co

u
n
te

rs
,
λ
e

7.
09

1
∗∗
∗

1.
87

8
10

.7
98
∗∗
∗

3.
55

1
12

.2
41
∗

6.
40

3
S
u
b
st

it
u
ta

b
il
it

y
of

q
u
al

it
ie

s
(v

al
u
e)

,
ρ

-1
.4

21
∗∗
∗

0.
28

8
-1

.3
95
∗∗
∗

0.
42

2
-1

.2
16
∗∗
∗

0.
20

1
P

ro
b
ab

il
it

y
of

su
cc

es
s,

in
te

rc
ep

t,
κ

0
-3

.9
79
∗

2.
31

6
-4

.4
87

2.
74

6
-4

.3
19

2.
67

2
P

ro
b
ab

il
it

y
of

su
cc

es
s,

to
ta

l
va

lu
e,
κ

1
0.

10
7
∗

0.
06

4
0.

10
8∗

0.
05

6
0.

10
9

0.
06

7
T

ot
al

va
lu

e,
sh

a
re

of
V

C
eq

u
it

y,
β

1
0.

72
6
∗

0.
37

3
0.

71
6
∗∗
∗

0.
13

3
0.

55
1
∗∗
∗

0.
11

8
T

ot
al

va
lu

e,
sh

a
re

of
V

C
eq

u
it

y
sq

u
a
re

d
,
β

2
-2

.2
71
∗∗
∗

0.
55

2
-2

.1
98
∗∗
∗

0.
13

8
-2

.4
70
∗∗
∗

0.
28

7
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
,
β

3
-0

.1
58
∗∗
∗

0.
06

1
-0

.1
60
∗∗

0.
07

6
-0

.1
69
∗∗
∗

0.
04

6
T

ot
al

va
lu

e,
p
ay

-t
o-

p
la

y,
β

4
0.

02
4

0.
15

6
0.

02
3

0.
07

9
0.

02
3

0.
07

6
T

ot
al

va
lu

e,
V

C
b

oa
rd

se
a
t,
β

5
-0

.0
28

0.
02

6
-0

.0
29
∗∗
∗

0.
00

7
-0

.0
26
∗∗

0.
01

3
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
×

p
ay

-t
o
-p

la
y,
β

6
0.

01
6

0.
13

8
0.

02
6

0.
15

4
0.

01
6

0.
54

7
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
×

V
C

b
oa

rd
se

at
,
β

7
0.

03
6

0.
06

1
0.

04
2

0.
07

6
0.

03
4

0.
04

6
T

o
ta

l
va

lu
e,

p
ay

-t
o
-p

la
y
×

V
C

b
oa

rd
se

at
,
β

8
0.

01
6

0.
21

2
0.

01
8

0.
29

0
0.

01
9

0.
03

8
S
p
li
t

o
f

va
lu

e,
in

te
rc

ep
t,
γ

1
-0

.2
47
∗∗
∗

0.
08

7
-0

.2
60
∗∗
∗

0.
05

6
-0

.2
54
∗∗
∗

0.
07

3
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
,
γ

2
-0

.1
73
∗∗
∗

0.
04

3
-0

.1
75
∗∗

0.
07

9
-0

.1
71
∗∗
∗

0.
04

6
S
p
li
t

of
va

lu
e,

p
ay

-t
o-

p
la

y,
γ

3
0.

05
8

0.
14

9
0.

05
9

0.
37

2
0.

06
0∗

0.
03

5
S
p
li
t

of
va

lu
e,

V
C

b
oa

rd
se

at
,
γ

4
-0

.0
49
∗∗
∗

0.
01

8
-0

.0
50
∗∗
∗

0.
00

8
-0

.0
42
∗∗
∗

0.
00

9
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
×

p
ay

-t
o
-p

la
y,
γ

5
0.

01
7

0.
63

9
0.

01
4

0.
28

7
0.

01
5

0.
13

7
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
×

V
C

b
oa

rd
se

at
,
γ

6
0.

02
8

0.
04

3
0.

02
8

0.
07

9
0.

03
5

0.
04

6
S
p
li
t

of
va

lu
e,

p
ay

-t
o-

p
la

y
×

V
C

b
o
a
rd

se
at

,
γ

7
0.

01
2

0.
19

1
0.

01
1

0.
19

9
0.

01
3

0.
07

9
C

h
an

g
e

in
fr

eq
.

o
f

en
co

u
n
te

rs
,

Λ
i

1.
50

8
∗∗
∗

0.
34

1
–

–
–

–
C

h
an

g
e

in
fr

eq
.

o
f

en
co

u
n
te

rs
,

Λ
e

1.
48

4∗
∗

0.
71

9
–

–
–

–
S
u
b
st

it
u
ta

b
il
it

y
o
f

q
u
al

it
ie

s
(e

n
co

u
n
te

rs
),
χ

–
–

-2
.1

29
∗∗
∗

0.
34

6
–

–
E

n
tr

ep
re

n
eu

r
b
ar

g
ai

n
in

g
p

ow
er

(fi
x
ed

)
–

–
–

–
20

%
–

N
u
m

b
er

of
ob

se
rv

at
io

n
s

1,
69

5
1,

69
5

1,
69

5

69



T
ab

le
A

7:
P

a
ra

m
et

er
es

ti
m

at
es

of
m

o
d

el
m

o
d

ifi
ca

ti
on

s:
al

te
rn

at
iv

e
th

eo
re

ti
ca

l
as

su
m

p
ti

on
s

II
.

T
h

e
ta

b
le

d
es

cr
ib

es
p

ar
am

et
er

es
ti

m
at

es
of

m
o
d

el
m

o
d

ifi
ca

ti
on

s
d

es
cr

ib
ed

in
S

ec
ti

on
7.

P
an

el
A

re
p

or
ts

m
o
d

el
es

ti
m

a
te

s
w

h
er

e
th

e
an

n
u

al
d

is
co

u
n
t

ra
te

fo
r

th
e

ag
en

ts
is

20
%

.
P

an
el

B
re

p
or

ts
es

ti
m

at
es

fo
r

a
ve

rs
io

n
of

th
e

m
o
d

el
w

h
er

e
en

tr
ep

re
n

eu
rs

a
re

ov
er

co
n

fi
d

en
t

(t
h

e
ov

er
co

n
fi

d
en

ce
p

ar
am

et
er

is
25

%
).

P
an

el
C

re
p

or
ts

es
ti

m
at

es
of

th
e

m
o
d

el
w

h
er

e
fi

rm
va

lu
es

a
re

aff
ec

te
d

b
y

a
m

at
ch

-s
p

ec
ifi

c
sh

o
ck

.
S

ig
n

ifi
ca

n
ce

:
∗∗
∗ :
p
<

0
.0

1,
∗∗

:
p
<

0
.0

5,
∗ :
p
<

0.
10

.

A
.

H
ig

h
d

is
c
o
u

n
t

ra
te

B
.

E
n
t.

o
v
e
rc

o
n

fi
d

e
n

c
e

C
.

M
a
tc

h
-s

p
e
c
ifi

c
sh

o
ck

s
P

a
ra

m
e
te

r
E

st
im

at
e

S
.E

.
E

st
im

at
e

S
.E

.
E

st
im

at
e

S
.E

.

D
is

tr
ib

u
ti

o
n

of
q
u
al

it
ie

s,
a
i

2.
03

0
∗∗
∗

0.
25

7
2.

53
7
∗∗
∗

0.
30

5
1.

92
5
∗∗
∗

0.
47

0
D

is
tr

ib
u
ti

on
of

q
u
a
li
ti

es
,
b i

3.
56

0
∗∗
∗

0.
84

7
4.

07
8
∗∗

1.
69

3
3.

49
5
∗∗
∗

0.
82

1
D

is
tr

ib
u
ti

on
of

q
u
al

it
ie

s,
a
e

3.
42

3
∗∗
∗

0.
27

4
2.

97
6
∗∗
∗

0.
90

5
3.

30
0
∗∗
∗

0.
74

9
D

is
tr

ib
u
ti

o
n

o
f

q
u
a
li
ti

es
,
b e

4.
37

2
∗∗
∗

0.
95

1
4.

17
6
∗∗

1.
74

5
3.

93
0
∗∗
∗

1.
31

7
F

re
q
u
en

cy
o
f

en
co

u
n
te

rs
,
λ
i

8.
19

9
∗∗
∗

0.
81

5
13

.7
32
∗∗
∗

2.
66

6
12

.5
25
∗∗
∗

4.
65

0
F

re
q
u
en

cy
of

en
co

u
n
te

rs
,
λ
e

7.
4
58
∗∗

3.
00

2
10

.7
42
∗∗
∗

3.
05

5
11

.9
40
∗∗

5.
76

5
S
u
b
st

it
u
ta

b
il
it

y
of

q
u
a
li
ti

es
,
ρ

-1
.3

91
∗∗
∗

0.
19

8
-1

.3
43
∗∗
∗

0.
29

0
-1

.5
06
∗∗
∗

0.
15

6
P

ro
b
ab

il
it

y
of

su
cc

es
s,

in
te

rc
ep

t,
κ

0
-3

.9
84
∗∗
∗

0.
75

2
-4

.1
22
∗

2.
18

8
-4

.4
49
∗∗

2.
09

8
P

ro
b
a
b
il
it

y
o
f

su
cc

es
s,

to
ta

l
va

lu
e,
κ

1
0.

10
5
∗∗
∗

0.
02

4
0.

10
7∗

0.
05

6
0.

11
0∗

0.
05

8
T

o
ta

l
va

lu
e,

sh
a
re

of
V

C
eq

u
it

y,
β

1
0.

68
0
∗∗
∗

0.
19

8
0.

68
2

0.
40

8
0.

50
7

0.
31

7
T

o
ta

l
va

lu
e,

sh
a
re

of
V

C
eq

u
it

y
sq

u
ar

ed
,
β

2
-2

.3
38
∗∗
∗

0.
75

0
-2

.3
75
∗∗
∗

0.
27

3
-2

.2
15
∗∗
∗

0.
29

7
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
,
β

3
-0

.1
61
∗∗
∗

0.
05

3
-0

.1
65
∗

0.
09

1
-0

.1
43
∗∗
∗

0.
00

6
T

ot
al

va
lu

e,
p
ay

-t
o-

p
la

y,
β

4
0.

02
2

0.
01

5
0.

02
3

0.
03

2
0.

01
9∗
∗

0.
00

9
T

ot
a
l

va
lu

e,
V

C
b

oa
rd

se
at

,
β

5
-0

.0
26
∗∗
∗

0.
00

8
-0

.0
26
∗∗
∗

0.
00

9
-0

.0
21
∗∗
∗

0.
00

4
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
×

p
ay

-t
o
-p

la
y,
β

6
0.

01
6

0.
04

8
0.

01
8

0.
05

3
0.

01
5

0.
21

3
T

ot
al

va
lu

e,
p
ar

ti
ci

p
at

io
n
×

V
C

b
oa

rd
se

at
,
β

7
0.

03
3

0.
05

3
0.

03
2

0.
09

1
0.

03
2

0.
04

2
T

o
ta

l
va

lu
e,

p
ay

-t
o
-p

la
y
×

V
C

b
oa

rd
se

at
,
β

8
0.

01
9

0.
09

2
0.

01
9

0.
08

5
0.

01
9

0.
01

6
S
p
li
t

o
f

va
lu

e,
in

te
rc

ep
t,
γ

1
-0

.2
05
∗∗
∗

0.
05

3
-0

.2
04
∗∗

0.
10

2
-0

.2
71
∗∗
∗

0.
05

8
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
,
γ

2
-0

.1
72
∗∗
∗

0.
01

5
-0

.1
76
∗

0.
09

3
-0

.1
76
∗∗
∗

0.
02

4
S
p
li
t

of
va

lu
e,

p
ay

-t
o-

p
la

y,
γ

3
0.

06
0
∗∗
∗

0.
01

7
0.

05
6

0.
04

0
0.

06
2∗
∗∗

0.
01

8
S
p
li
t

o
f

va
lu

e,
V

C
b

oa
rd

se
at

,
γ

4
-0

.0
41
∗∗
∗

0.
00

5
-0

.0
41
∗∗
∗

0.
01

3
-0

.0
44
∗∗
∗

0.
01

4
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
×

p
ay

-t
o
-p

la
y,
γ

5
0.

01
5

0.
05

5
0.

01
6

0.
04

8
0.

01
6

0.
13

6
S
p
li
t

of
va

lu
e,

p
ar

ti
ci

p
at

io
n
×

V
C

b
oa

rd
se

at
,
γ

6
0.

02
9∗

0.
01

5
0.

02
9

0.
09

3
0.

03
1

0.
02

4
S
p
li
t

o
f

va
lu

e,
p
ay

-t
o
-p

la
y
×

V
C

b
oa

rd
se

at
,
γ

7
0.

01
2

0.
15

2
0.

01
1

0.
26

9
0.

01
3

0.
07

1
E

n
tr

ep
re

n
eu

r
ov

er
co

n
fi
d
en

ce
(fi

x
ed

)
–

–
25

%
–

–
–

S
t.

d
ev

.
of

m
at

ch
-s

p
ec

ifi
c

sh
o
ck

,
σ

–
–

–
–

0.
32

3
∗

0.
17

1

N
u
m

b
er

of
ob

se
rv

at
io

n
s

1,
69

5
1,

69
5

1,
69

5

70


