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1. Abstract

This paper focuses on the relationship between the venture capitalist and the entrepreneur.
In particular, it analyses how both players’ unobservable effort levels affect the equity share
that the entrepreneur is willing to cede to the venture capitalist. We solve the entrepreneur’s
maximization problem in the presence of double-sided moral hazard. In this scenario, we show
that the venture capitalist’s share is binding and, therefore, there is no efficiency wage. We
simulate the model and show that the entrepreneur’s effort does not monotonically decrease in
the share allocated to the venture capital, while the venture capitalist’s effort does not mono-
tonically increase in his share. We show that as efforts tend to be more complementary, the
project cash flows are distributed nearly equally, at approximately 50% for each partner. This
theoretical finding is actually observed in real contracts between entrepreneurs and venture
capitalists.

Key words— Double-sided moral hazard; Venture Capital; Equity Share.

2. Introduction

Entrepreneurship is the driving force of economic growth. The entrepreneur’s role in the

process of development has been for long emphasized in the literature. Schumpeter (1934)
argues that the existence of entrepreneurs, who innovate, generates the process of "creative de-
struction” by which new innovations cause constant change in the marketplace, which result in
the exit of existing firms and the entry of new ones. Baumol (2002) argues that, through inno-
vation, entrepreneurs are the engine of growth. Acs (2006) illustrates the way entrepreneurship
is good for economic growth.
Over the past 30 years, the Venture Capital industry has played a key role on providing financ-
ing for entrepreneurs. Companies such as Google, Intel, FedEx, Apple, and Microsoft, to name
a few, have all been backed by Venture Capitalists (hereinafter “VCs”). The VC industry has
grown dramatically in the last decades. In particular, VC investments grew from $20 billion
in 1985 to $0.6 trillion in 2014 (NVCA, 2015). Also, the number of VC-backed companies as
percentage of U.S. public companies that were founded after 1979 is 42% and account for the
63% of total market capitalization. These VC-backed companies provide the 38% of the total
employment and spend the 85% of total research and development (Gornall and Strebulaev,
2015). All of this highlights the importance of VC in the entrepreneurship and economic growth
process.
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Although the importance of the entrepreneur-VC relationship, the topic of how they share
the equity of the new venture has received little attention from a theoretical point of view. The
result of this allocation affects the incentives that both partners confront and thus, has major
effects on the effort levels that the partners will exert in the new endeavor. In this paper, we
tackle this subject emphasizing the importance of complementarity between the entrepreneur
and the VC, and how it impacts the share allocation.

The literature recognizes the extra-financial value of venture capital. VCs dedicate a signif-
icant amount of time to managing their portfolios (Gorman and Sahlman, 1989). The advisory
services which VCs provide become a key factor for the success of a business. As stated by
Casamatta (2003), entrepreneurs are endowed with creativity and technical skills in develop-
ing innovative ideas, but they often lack business experience and require the assistance that
V(s can offer. VCs provide marketing, networking, a market for the product and consulting
experience, while entrepreneurs possess skills in technology and production and experience in
innovation (Fairchild, 2011). The synergy that is generated by the complementarity between
entrepreneurs'abilities and VCs'experience has a positive effect on the market value of the
enterprise. VCs that are part of networks enjoy higher quality relationships, a set of invest-
ment opportunities, and access to information while improving the firm's cash flows (Hochberg,
Ljungqvist and Lu, 2007).

When a VC funds an entrepreneur, the latter must transfer shares in the project ownership
as compensation for the advisory services and financing provided by the VC. This generates a
double-sided moral hazard problem. This phenomenon occurs because the entrepreneur’s effort
is not observable by the VC nor is the VC’s effort observable by the entrepreneur. Casamatta
(2003) advances a theory to describe the dual role of the VC, namely providing funding and
advisory services. Casamatta (2003) argues that if the entrepreneur is more efficient than the
VC, the entrepreneur will not contract the VC, meaning that he will not transfer a share of the
project cash flows unless the VC contributes capital to fund the project.

Gavious and Elitzur (2003) analyze the contractual relationship between a VC and a en-
trepreneur. Moral harzard shows up in the model because the VC does not observe the effort of
the entrepreneur. However, the model does not incorporate the VC effort. Thus, moral hazard
runs in one direction.

De Bettignies and Brander (2007) develop a model in which the entrepreneur must choose
between VO funding or bank financing. Unlike a bank, a VC provides advisory services to
the entrepreneur. However, the VC’s effort is not observable, which creates another potential
moral hazard. The entrepreneur’s effort is also not observable, and hence also creates a poten-
tial moral hazard. De Bettignies and Brander (2007) emphasize the double-sided moral hazard
problem and a strategy to induce efficient effort levels in this scenario. The eventual ownership
structure of the firm will be determined by the way in which incentives are aligned. When
the VC owns a greater share of the business, his effort level is improved, but this reduces the
entrepreneur’s level of effort. Bank financing will give the entrepreneur complete control over
the business, but this leaves the project without the advisory services provided by the VC.

It is important to highlight that De Bettignies and Brander (2007) fail to solve the double-
sided moral hazard problem faced by the entrepreneur. They only work at the level of the
participation constraints, which is why their model gives solutions, concerning the share given
to the VC that includes real negative numbers or complex numbers. As in Casamatta (2003), De
Bettignies and Brander assume that the players’ efforts are perfect substitutes, meaning that in



this scenario it makes no sense to speak of the entrepreneur’s skills being complemented by the
experience and networking of the VC. Hence, the synergy of efforts is irrelevant. In both mod-
els, the entrepreneur’s effort decreases by the VC’s share, while the VC’s effort increases by his
share. However, this phenomenon does not occur in a scenario in which efforts are complements.

Elitzur et al. (2011) tackles the issue from the VC’s point of view. They develop a model
where entrepreneurs compete for VC funding, and find that having a large number of en-
trepreneurs who race for funding can cause under-investment in technology by entrepreneurs.
And, recently, Lukas et al. (2016) study, in a multi-stage setup, how economic and technolog-
ical uncertainty affect financing. They show that higher uncertainty leads the VC to increase
the optimal stake in the venture.

The novelty of this paper is to design optimal contracts in the context of double-sided moral
hazard but in an economy in which efforts are complements. This paper approaches the prob-
lem from a similar angle to De Bettignies and Brander (2007); however, we depart from their
paper in three ways. First, we do not impose any particular functional form for the project
revenue function or the disutility of the players’ efforts. In this context, we do not impose
the assumption that the players’ efforts are perfect substitutes and we introduce the notion of
complementarity. Second, we make the players’ decision to invest in the project endogenous.
Third, we solve the entrepreneur’s maximization problem in the presence of double-sided moral
hazard, and in this scenario, we show that the venture capitalist’s share is always binding and,
therefore, contrary to the argument by De Bettignies and Brander, there is no efficiency wage.
Furthermore, we obtain only real numbers as solutions, and not negative or complex numbers
as their model does, and we demonstrate that the solution to the contract regarding the optimal
share given to the VC is non-linear and is a fixed point between 0 and 1.

We simulate the model and show that, contrary to the results of Casamatta (2003) and De
Bettignies and Brander (2007), the entrepreneur’s effort does not monotonically decrease in the
share allocated to the VC. This is because the entrepreneur internalizes, in his effort reaction
function, the share allocated to the VC and the elasticity and efficiency of the VC’s effort. This
is also valid for the VC’s best response function. Although the treatment is theoretical, the
results have practical implications. In the real world of business, complementarity between the
entrepreneur and the VC matters. While the entrepreneur looks not only for the funding of the
VC, but also for his experience, networks, and prestige, among other factors, the VC searches
for a partner that has the ability to outgrow the project. The model is able to predict that
when there is a high degree of complementarity between the effort levels of the two partners,
they will tend to share the venture in equal halves. This is an empirical implication that we
observe in the data (see for instance Kaplan and Stromberg (2002), Goldfarb et al. (2013), and
Cumming (2006)).

We can think of the problem we study as arising from the principal /agent paradigm (see
Van Ackere, 1993), and we follow a double-sided moral hazard structure similar to that of
Bhattacharyya and Lafontaine (1995). The double-sided moral hazard framework has been
used in different transactional contexts, for instance Mann and Wissink (1990) used it to study
product warranties, Gupta and Romano (1998) applied it in the context of franchising, and
Corbett et al. (2005) used it to study optimal shared-savings contracts in supply chains.

In our model, the VC’s investment in the project is also endogenous, following the approach
of Casamatta (2003), which is equivalent to assuming that the VC buys a share in the project
and pays the price that covers start-up costs, including an upfront payment to the entrepreneur



(Kannianien and Keuschningg, 2003, 2004). We simulate the model under the assumption that
project revenue is a Constant Elasticity of Substitution (CES) function, whereby we analyze
the effect that complementarity has on effort dynamics, the dynamics of the revenue function
and the function of the optimal equity distribution. As a special case, we analyze a scenario in
which the efforts are perfect substitutes.

The synergy produced by the complementarity of experiences and know-how between the
entrepreneur and the VC explain in big part, the dramatic growth observed in the VC industry
in the last three decades. In consequence, we recognize a key real world characteristic in our
model, which is that VCs provide an extra-financial value to the venture.

The remainder of the paper is structured as follows: in Section 2, we present and solve the
model, in Section 3, we simulate the model, and finally in Section 4, we conclude.

3. The Model

It is assumed that an entrepreneur is endowed with an innovative idea. The project requires
three types of inputs: an investment level I and two types of non-observable effort denoted e
and a. Effort level e can only be supplied by the entrepreneur, while effort level @ may only be
supplied by the VC. Both the entrepreneur and the VC are risk-neutral.

Both the entrepreneur and the VC may fund investment /. The opportunity cost of in-
vesting in the firm is the risk-free rate r, which is standardized to zero to simplify the algebra.
Following Casamatta (2003), we make the VC’s investment endogenous. We denote the amount
of funding provided by the VC by Iy ¢ and the amount provided by the entrepreneur by I — Iy ¢.
This approach is equivalent to assuming that to purchase an equity share “s” in the project,
the VC pays byc + I, which covers the start-up costs and an upfront payment by to the
entrepreneur (Kannianien and Keuschningg, 2003, 2004).

The project revenues are R(e, a) with success probability p , where 0 < p < 1. In the event
of failure, the project revenues are zero with probability 1 — p. It is assumed that the first
derivatives R, and R, are positive, and the second derivatives R.. and R,, are negative, and
the cross-derivative R., = Rg. is positive. The efforts are costly. C(e) is the entrepreneur’s
effort disutility, and B(a) is the VC’s effort disutility. It is assumed that both functions are
increasing at increasing rates, i.e., C., By > 0, Ceo, Bse > 0. It is further assumed that
C(0) = B(0) = C.(0) = B,(0) = 0.

The social value of the project is expressed as: R(e,a) — C(e) — B(a) — I. Therefore, the
first-best solution is expressed as: fic/r, = C¢/B,.

This implies that the funding policy is irrelevant, that is, it does not matter who finances the
project. However, in a world in which the entrepreneur’s and VC’s efforts are not observable,
the form of funding and how the project cash flows are distributed affect the way in which
efforts are made, creating what the literature calls double-sided moral hazard.

3.1. Double-sided moral hazard case

In our model, both the entrepreneur and the VC make efforts that are not observable by
the other player. Thus, this is a double-sided moral hazard problem.

The sequence of events is: in the initial stage, the entrepreneur receives funding from the VC
and creates a company. The entrepreneur offers the VC an equity share s in the business. In the



second stage, the partners commit simultaneous, non-observable efforts to develop the business.
It is assumed that there is no renegotiation and the entrepreneur holds all of the bargaining
power.! The level of effort chosen by the entrepreneur comes from his incentive-compatibility
constraint:

e = argmaz (1 — s)pR(e,a) — C(e) — (I — Iyc) (1)

That is, the entrepreneur maximizes his expected benefit based on his share of the revenues as
stipulated in the contract, 1 — s, his rational expectation of the other player’s effort, a, the cost
of his effort, C(e), and his financial contribution, (I — Iy¢).

The VC also chooses his level of effort based on his incentive-compatibility constraint:

a = argmax spR(e,a) — B(a) — Iyc (2)

Given the assumptions, the problem faced by the entrepreneur is:

max (1= s)pR(e,) = Cfe) — (1~ Iye) )
S,e,a,ly
subject to
e = argmaz (1 — s)pR(e,a) — C(e) — (I — Iyc) (3b)
a = argmax spR(e,a) — B(a) — Iyvc (3c)

spR(e,a) = B(a) > Ive (3d)

The entrepreneur’s maximization problem involves two additional optimization problems
expressed in equations 3b and 3c. To solve these additional problems, these equations are
replaced by their first-order conditions, following the approach of Holmstrém (1979). Thus, the
problem can be expressed as:

max (1 —s)pR(e,a) —C(e) — (I — Iyc) (4a)

s,e,a,lv o

subject to

(1= s)pR. = C. (4b)
spR, = B, (4c)
spR(e,a) — B(a) > Iyc (4d)

The incentive-compatibility equations (4b) and (4c) reflect the double-sided moral hazard
problem. It is deduced from these equations that the participation share awarded to the VC
cannot be s = 0 or s = 1. Therefore, the project cash flows must be shared. The participation
share s can be expressed as:

_ P/
 Bu/R, + Cc/R,

For s = 0 to occur, B, = 0 must exist, which means that the VC makes no effort (a = 0).
For the same reason, if s = 1, then C, = 0, in which case the entrepreneur makes no effort

s € (0,1) (5)

IThe VC may also possess the bargaining power, and then the optimization problem should be solved from
the VC’s perspective. The optimization results are identical in this case because of the dual-sided nature of the
case at hand.



(e = 0). Therefore, if the entrepreneur and the VC each supply a positive effort level, the
project cash flows must be shared. Equation (5) guarantees that the level of participation will
be in the range of 0 to 1, but this equation does not identify the optimal level of equity participa-
tion. To find s*, problem (4a) must be solved for the effort levels, equity shares, and investment.

Under the assumptions of De Bettignies and Brander (2007) concerning the revenue and
effort functions, namely R(e,a) = ae + fa, C(e) = ¢*/2 and B(a) = ¢*/2, equation (5) is given

by:
s= 08 (6)

/8 + €fa

De Bettignies and Brander assume that the efforts are perfect substitutes, meaning that the
entrepreneur’s effort decreases by s when the VC’s effort increases by s. This is because the
partners do not internalize either the characteristics of the other partner or the equity share in
their effort best-response functions.
Below, we solve the entrepreneur’s maximization problem. We show that the VC’s participation
constraint is binding, and hence there is no unrestricted problem, in contrast to the argument
by De Bettignies and Brander (2007). The optimization problem is always restricted, and the
equity share assigned to the VC that solves the problem is s* € (0, 1). Because the restriction
is binding, we do not observe the “efficiency wage” outcome of De Bettignies and Brander,
that is the entrepreneur does not have to offer a higher equity share in order to increase the
productivity of the VC.?

Proposition 1

a) The entrepreneur’s problem is restricted because A3 > 0, where A3 represents the shadow
price of the VC’s participation constraint.?

b) The level of equity participation s* that solves the entrepreneur’s problem is found when
the marginal value of the entrepreneur’s effort is equal to the marginal value of the VC’s effort,

ie., MR, = \aR,, where \; and Ay represent the shadow prices of the incentive-compatibility
constraints of both the entrepreneur and the VC.

Proof.
The entrepreneur’s optimization problem can be expressed via Lagrange multipliers as:

L= (1-s)pR(e,a)—C(e)— (I —Iyc)+ M ((1—35)pR. — C.) + Xa(spRy — B,) + A\3(spR(e, a) —
B(a) — Iyc)

1. The First Order Condition for the VC’s investment level Iy is:

oL
dlyc

=1-X3=0 (7)

2«Efficiency wage” refers to the economic theory postulating that firms may be willing to pay wages above
market-clearing conditions because it increases workers’ productivity (see Katz, 1986)

3The multiplier or shadow price, measures the response of the optimal value of the objective function to
changes in the constraint, which the multiplier is attached to. In this case, A3 measures the sensitivity of the
entrepreneur’s objective function to a change in the amount of funding provided by the VC, Iy ¢.



2. The First Order Condition for the entrepreneur’s effort e is:

oL
% = ((1 - S)pRe - Oe) + /\1((1 - S)pRee - Oee) + )\Q(SpRea) + >\3<SpRe) =0

where the first term in brackets is zero because of the entrepreneur’s incentive-compatibility
constraint in equation (4b). Given (7), the above expression would be:

>\1((1 - S)pRee - Cee) + AZ(SpRea) = _<5pRe) (8)
3. The First Order Condition for the VC’s effort a is:
oL
% = (1 - s)pRa + )\1((1 - 8)pRae) + )\Z(SpRaa - Baa) + >\3(SpRa - Ba) =0

where the last term is zero because of the VC’s incentive-compatibility constraint in equation
(4c). Thus, the above expression would be:

)\1((1 - S)pRae) + )\Z(SPRaa - Baa) = _(1 - 5)pRa (9)
4. At a given level of equity participation s awarded to the VC:

oL
55 = “PR(e,a) + M(=pRe) + As(pRa) + As(pR(e, a)) = 0

Given (7), the above expression would be:
MR. = MR, (10)

Equation (7) shows that A3 = 1 and, therefore, that the VC’s equity participation is binding.
Equation (10) shows that the entrepreneur’s problem is solved when the marginal value of the
entrepreneur’s effort is identical to the marginal value of the VC’s effort. It is deduced from
this equation that Aj, Ay > 0. If this does not occur, equations (8) and (9) reduce to spR. =0
and (1 — s)pR, = 0, which cannot be the case because s, p, R., R, > 0. O

The above system of equations is reduced to:

A3 =1 (11)

AM((1 = 8)pRec — Cee) + Aa(spRea) = —spRe (12)
M((1 = 8)pRac) + Aa(spRag — Baa) = —(1 — s)pR, (13)
MRe = MR, (14)

The next proposition provides the equity share given to the VC that maximizes the en-
trepreneur’s problem.

Proposition 2

The equity participation level given to the VC that solves the entrepreneur’s problem is
non-linear and at a fixed point takes the form of s* = I(s*), where:

((1 B 5*)pRee - Oee)R?l

l(s ) B ((1 — 5*)pRee - Cee)RZ + (S*pRaa B Baa)RE




Proof.

Using equations (12) and (13), we solve for A; and A, from the following system of equations:

(1 - 3)pRee - Cee SpRea >\1 — _SpRe (15)
(1 - S)pRae SpRaa - Baa >\2 _(1 - 3)pRa
then:
_ Al _ 14
META T (16)
where
|A| = ((1—8)pRec — Cee)(SPRaa - Baa) - 5(1 - 5)p2R(2ze (17)
|A1| = 5(1 - S)p2RaRea - Sp(*spRaa - Baa)Re (18)
|As] = 5(1 — 8)p*RaeRe — (1 — 8)((1 — 8)pRee — Coo)D Ry (19)

plugging A; and Ag in (14), we obtain:

S(SpRaa - Baa)Rg = (1 - S)((l - S)pRee - Cee)RZ (20)

and re-ordering, we solve for the optimal equity share given to the VC, and that solves the
entrepreneur problem:

&= ((1 — $*>pRee — Cee)RZ (21)
B ((1 - S*)pRee - Cee>R2 + (8*pRaa - Baa)Rg

Equation (21) generalises the model of De Bettignies and Brander (2007).

Using the assumptions of De Bettignies and Brander, equation (21) is expressed as follows:

2 2

R(G,CL)ZOZG—FﬂCL; O(e) =< B(a) =% Re:a; OeZG;Ba:CL; Razﬁ; Cee: L; Baa =1

?; 2 )
R2 2
L'
R2+R? (%42
In the De Bettignies and Brander model, the elasticity of the efforts is what determines
how the project cash flows are distributed. As we can see from equation (22), if the elasticity

of the VC’s effort rises, he receives a greater share of the business, while if the elasticity of the
entrepreneur’s effort increases, the VC receives a smaller share of the project cash flows.

€ (0,1) (22)

We now discuss the effects that the degree of complementarity of efforts, the elasticity and
the efficiency of the entrepreneur’s efforts and the VC’s efforts all have on the dynamics of the

effort best-response functions and on the optimal equity participation expressed in equation
(21).



4. Effort dynamics and the equity shares

We simulate equation (21) by assuming a Constant Elasticity of Substitution (CES) project
revenue function in the form of R(e,a) = Alae” + Ba”]'/?.* The parameters o and 3 correspond
to the elasticity of the partners’ efforts, A is a productivity parameter and p is a substitution
parameter. This is a well-known function used extensively in the production part of the mi-
croeconomics literature (See Varian, 1992, pag.19-20). Here, the two inputs of production, e
and a, can contribute to the revenues of the project. The CES function allows any degree of
complementarity; at one extreme we have the case of perfect substitutes (zero complementarity
between the inputs), which is the firm can obtain revenues from using either entrepreneurial
effort or venture capital effort independently. At the other extreme, the inputs can be per-
fect complements, which is, they must be used in fixed proportions to produce revenues.® In
between these two extreme cases, we have different degrees of complementarity between the
inputs, that is, they are mixed together in different proportions in order to produce revenues.

Mathematically, it can be proven that if p = 1, efforts are perfect substitutes; if p = —o0,
efforts are perfect complements; and if —oco < p < 1, there is complementarity of efforts (for
the proof, see Saito 2011).

We will also assume that the disutility of the entrepreneur’s effort is given by C'(e) = dge?/2,
while the disutility of the VC’s effort is B(a) = dyca?/2. These are the same functions used by
De Bettignies and Brander (2007), Casamatta (2003) and Fairchild (2011), but for the efficiency
parameters 0 > 0, and dy¢ > 0, which permit seeing the effects of being more or less efficient
in the delivery of efforts.%"

From the incentive-compatibility constraints, we obtain the best-response functions con-
cerning the equity share awarded to the VC in the first stage of the game. As the production
technology is CES, and given the assumptions regarding the disutility of efforts, the effort
dynamics of the entrepreneur and the VC are expressed by (see Appendix 1 for the proof):

1—p

(1 =s)apA 8 /5vc 55| 7
S B )
_ sppA - e |75 7
Boo B—Fa[ v ] ] (24)

Proposition 3

In the context in which the two effort levels are perfect substitutes: the share s assigned to
the VC is inversely related to the effort of the entrepreneur, whereas it is positively related to
the effort of the VC.

4Notice that other functions presented in the literature are not more complex than the CES. See for instance
De Bettignies (2008) and Bolton and Dewatripont (2005).

5The classic example of perfect complementarity is the case of left and right shoes; you have to use them in
the fixed proportion 1:1.

6The lower the efficiency parameter, the more efficient effort is, and thus the lower the cost of providing
effort.

" Assuming more general disutility functions does not add new insights to the complementarity analysis, but
makes the solution of the model more complex because we will need to simulate for three fixed pointts: e*, a*,
and s*.



Proof.

The result comes directly from the best-response functions of the entrepreneur and the VC
expressed in (23) and (24). If p = 1, the efforts are represented by e = (1 — s)apA/dg and
a = sPpA/dyc. Then, de/ds = —apA/ég < 0, and da/ds = BpA/dyc > 0. O

Proposition 3 places us in the world of perfect substitution of effort levels, which is exactly
the world of De Bettignies and Brander (2007), where an increase in the equity share awarded
to the VO causes the entrepreneur’s effort to monotonically decrease and the VC’s effort to
monotonically increase. This occurs because the entrepreneur and the VC do not incorporate
the characteristics of the other partner or the equity participation in their effort functions.

Figure 1 depicts the effort dynamics of each player at different levels of equity participation
s using the parameters in Table 1 (see Appendix 2).® The aim of the exercise is to observe
the effect that the substitution parameter p has on the dynamics of the efforts supplied by
the entrepreneur and the VC. In case 1, perfect substitution of efforts is assumed, and as es-
tablished in Proposition 3, it can be seen that when the entrepreneur retains full property of
the endeavor, s = 0, he exerts maximum effort. His effort level monotonically decreases by s,
reaching no effort when s = 1. On the contrary, the VC will deploy no effort when s = 0, and
it increases it monotonically by s, reaching a maximum when all the equity is assigned to him,
s = 1. It can also be observed, that when they share the endeavor in equals parts, s = 0,5,
they exert the same effort levels.

In cases 2-4, different degrees of effort complementarity are assumed. It becomes graphic
that when there is complementarity, effort levels become concave on the equity share. The
graphs indicate that there must be a level of equity participation awarded to VC that maxi-
mizes the entrepreneur’s effort. The same holds for the VC’s effort, i.e., there must be a level
of equity that maximizes his effort. This phenomenon is established in Proposition 4.

Notice that as the degree of effort complementarity increases, for instance case 4: p = —10,
both the entrepreneur and the VC deploy no effort if s = 0 or s = 1. A large degree of comple-
mentarity means that in order for the endeavour to be successful, both partners must put their
abilities at work at the same time. If one of them is not part of the project, s = 0 or s = 1,
then the other partner does not exert effort at all because it is worthless.”

Proposition 4
If efforts are complementary:

a) There is an equity participation level s! allocated to the VC that maximizes the en-
trepreneur’s effort. This level of equity is non-linear and at a fixed point takes the form of

st =g(sh).

b) There is an equity participation level s}, allocated to the VC that maximizes the VC’s
effort. This level of equity is non-linear and at a fixed point takes the form of si, = h(s} ).

8We use these parameters for convenience as in Fairchild (2011).
9If one of your shoes is missing, there is no point in using only one of them. Indeed, in this case you would
walk or run better without them at all.

10



Figure 1: Effort dynamics for different degrees of effort complementarity p
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Proof.
See Appendix 3.

Figure 2 illustrates the results of Proposition 4. The graphs depict the simulation results
obtained using the parameters in Table 1 (see Appendix). The figure shows the equilibrium
point in the equity participation that maximizes the efforts of both the entrepreneur and the
VC. The equilibrium point occurs when the functions g(s?) and h(s}) intersect the 45° line.

As should be expected when p = 1, the equity share that maximizes the entrepreneur’s
effort is st = 0, whereas the level that maximizes the VC’s effort is sj,~ = 1. This result occurs
because when p = 1, the entrepreneur’s effort decreases by the participation level. However,
the VC’s effort increases by the participation level.

When p < 1, namely when efforts are complements, the share that maximizes the en-
trepreneur’s effort is s > 0 and the share that maximizes the VC’s effort is si, < 1.1 The
graphs show that s¥ < s,,. However, the distance between the two participation levels falls as

10Tf we replace the assumption of risk-neutrality for risk-aversion on any of the agents, this will increase the
share they are willing to accept in order to compensate for the risk they are taking. Thus, risk-aversion will not
change the implications of the model, but will increase the level of complexity of it.

11



Figure 2: Equity share that maximizes effort, for different degrees of complementarity, p.

Case 1: p=1 Case 2: p=0.5

- 06 s
/ —slse®) ——glse*)
0.4 h(sve*) 0.4 / h(sve*)

mmmmmmmmmmmmmmmmmmmm
S dddadmMnIINhnEORKReaa S8 SRS RAYSRN N8RRI
SCSS OSSO0 0G000S0SS5SS8 S 0G0 S cccoccoc0cSo0c0SS o000 oo

Equity share, s. Equity share, s.

Case 3: p=-1 Case 4: p=-10

K s X s
——g(se*) X —— g(se*)
0.4 h(svc*) 04 \ h(sve*)
0.2 ..

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Q9 ddNNMMIINNBORK XN SeHANNMMITINHNOEORRNXRNR

oooooooooooooooooooooooooooooooooooooooo

Equity share, s. Equity share, s.

the complementarity of efforts rises, meaning the levels that maximize efforts tend to be sim-
ilar. Indeed, as efforts tend to be more complementary, the project cash flows are distributed
in similar proportions, at approximately 50% for each partner. Notice that this result is in line
with data reported in the literature. Kaplan and Stromberg (2002), studied actual contracts
between entrepreneurs and VCs and found that the “VC typically controls roughly 50% of the
cash flow rights; founders, 30%; and others, 20%.” Goldfarb et al. (2013) obtained electronic
data from a law firm that operated in California and the Western United States, and reported
on the deals between founders, angel capitalists and VCs. They found that, on average, the
final VC ownership was between 49% (in large deals) and 52% (in VC only deals), and Cum-
ming (2006) examined 214 Canadian VC funds and reported that the mean VC share is 51%
with a standard deviation of .275.

This evidence reaffirms the idea that entrepreneurs look for a VC that can complement
the skills they have, and not only are looking for the VC that offers the highest valuation.
Smith (2001) surveyed 415 firms, of which 143 responded, and reported, “Of the 97 firms that
received more than one offer to invest, 36 did not accept the highest offer”. In the same survey
reputational factors along with value-added factors such as formulating business strategy, and
monitoring the company’s performance were also valued for entrepreneurs. Thus, those VCs
that can propose some attributes that entrepreneurs are lacking will probably be able to obtain
half of the firm cash flows rights.

Note that the equilibrium points of the functions g(s?) and h(s{) do not solve the en-
trepreneur’s problem because we have only considered the problem at the level of the partners’

12



incentive-compatibility constraints. The equilibrium point that solves the entrepreneur’s prob-
lem is expressed in equation (21). The share assigned to the VC that solves the entrepreneur’s
problem is at a fixed point s* = [(s*), where s* € (s%, s7¢)-

The results of Propositions 2 and 4 are illustrated in Figure 3. The graphs depict the
results of simulations using the parameters in Table 1 (see Appendix). Figure 3 reflects the
trade-off in the equilibrium efforts caused by the level of participation awarded to VC. The figure
indicates that at different degrees of complementarity, the equity participation that solves the
entrepreneur’s problem is found between the share that maximizes the entrepreneur’s effort and
the share that maximizes the VC’s effort. An increase in the complementarity of efforts causes
the equilibrium points in Proposition 4 to approach the level that would solve the entrepreneur’s
problem.!!

"1 The optimal share awarded to the VC not only depends upon the complementarity of efforts but also upon
the elasticity parameters of the partners, and their efficiency. We also carried out simulations for different
elasticity and efficiency parameters, and as expected, greater elasticity or more efficient effort is rewarded with
a larger equity share. However, regardless of this, the effect on the distribution of cash flows is diluted as
complementarity increases. That is, the complementarity effect dominates the effects of the other parameters.
Results are available upon request.
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Figure 3: Optimal equity share for different degrees of complementarity, p.
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5. Conclusion

This paper focuses on how the complementarity of efforts between an entrepreneur and a
VC affect the equity share that the entrepreneur is willing to allocate to the VC. The comple-
mentarity of efforts is key to the success of a firm. The advisory services, networking and the
experience of VCs are complemented by the technological and innovation skills of entrepreneurs.
These complementary skills create a synergy that has a considerable impact on the company’s
value.

The contributions we make are both technical and practical. With respect to the former,

we solve a model in which the solutions belong to the interval [0,1], and thus are empirically
plausible, and we also show that De Bettignies and Brander (2007) is a particular case of our
setup. Furthermore, we show that when efforts are perfect substitutes, as argued by Casamatta
(2003) and De Bettignies and Brander, the entrepreneur’s effort monotonically decreases by the
share given to the VC, whereas the VC’s effort monotonically grows by the share of the project’s
cash flows that he receives. However, when complementarity occurs, this phenomenon is not
replicated because both the entrepreneur and the VC incorporate, in their best-response func-
tions, the characteristics of the other partner and the equity shares, and hence their efforts are
non-linear with respect to the equity participation levels. The optimal share awarded to the VC
depends upon the elasticity and efficiencies of the players’ efforts and on the complementarity
of those efforts. Increasing the complementary of efforts increases the proportion of equity that
the entrepreneur is willing to give to the VC. Indeed, when the efforts of the entrepreneur and
the VC are highly complementary, they will tend to divide the equity of the new firm into equal
shares. This is supported by empirical evidence as reported by Kaplan and Stromberg (2002),
Goldfarb et al. (2013), and Cumming (2006), all of whom stated that in actual transactions,
the VC obtains around 50% of the equity share in the new venture. Thus, this study formal-
izes what is actually observed in real deals and gives a rationality for the equal split of equity
between entrepreneurs and VCs.
Further work using the complementarity approach should include, among others, the conse-
quences on equity share allocation of risk aversion of both partners, how the level of com-
plementarity affects the number of VCs that the entrepreneur contacts, the way in which
the entrepreneurs search for complementarity has an impact on crowd-funding as it provides
funding but no advising, and how the existence of more or less complementarity between the
entrepreneur and the VC may affect the size of the VC portfolio.
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7. Appendices

7.1. Appendix 1: Effort Best-Response Functions

If R(e,a) = Alae” + ﬁap]%, and C(e) = dge?/2, and B(a) = dyca®/2, then:
R, = Alae” + Ba?]s " aer

R, = Alae” + Ba"’]%_lﬁap_l

C. = 0ge

Ba = 5vca

If the partners’ incentive-compatibility constraints (equations 4b and 4c) are replaced by

the expressions above, then:

(1 —s)pAlae” + ﬁap]%flaep_l = dpe

spAlae” + Bap]%_lﬁapfl = dyca

If we divide equation 25 by equation 26 and reorder, we obtain:

(1 —s)adye =
e=a|—————
SB 6E
Then, plugging 27 into 26 to obtain the VC best-response function:

sBpA a —s>a/aE] =]
= +o|—
o4 O‘[ B sy c

~ dyve

and plugging 28 into 27, we solve for the entrepreneur best-response function:

1—p

(1 —s)apA 8 [5v ¢ 5|7
S o]

OF

e =
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(26)

(27)
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7.2. Appendix 2

Table 1: Simulation Parameters

Parameter | Case 1 | Case 2 | Case 3 | Case 4
Q@ 0.5 0.5 0.5 0.5
g 0.5 0.5 0.5 0.5
5 30 30 30 30
ve 30 30 30 30
A 1 1 1 1
0.7 0.7 0.7 0.7
1 0.5 -1 -10
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7.5. Appendix 3
Proof. Proof of Proposition 4, part a:

The derivative of equation 23 with respect to the share allocated to the VC is:

1 —Sa(svc

Oe _ _apAl o s B \77) 7  (=slapAd=p)[ o of s B\77) 7
0s op 1—sadye 0E p

g b (s BT (1
2—p\1—sadyc adye \ (1 —s)?

If we set the expression above to zero and reorder, then:

Proof of Proposition 4, part b:

The derivative of equation 24 with respect to the share allocated to the VC is:

_5\/0 P s [ op

W P ((L=9)adve = adye (1
2—p s B 0g B op \ s

If we set the expression above to zero and reorder, then:

da _ Op4 (1-s) adve =17 sppA (1 —p) (1—3s)adyc 25150
as_dx/c[ﬁJra( s 55E> ] [5—1-04( ) ] y

_P_
1p o [ Osicasye |

§ . 2—p sve B 0
sve = h(sye) =1 =
B+ (-sy)adye |

o syc B e

which shows that the solution is a fixed point and that, it is non-linear
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