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Abstract

High-potential firms attract substantial funding seeking to dominate winner-take-all industries, but abun-
dant funding increases competition among similar firms, compromising each firm’s success. A tractable
model formalizes these opposing forces by identifying the firm’s cash allocation problem, the competitor’s
allocation problem, and their interdependent strategic solution in a winner-take-all competition. The model
shows how winner-take-all competition makes heavily funded firms cash-constrained and their dominance
contingent upon additional cash surpassing the extra cash of competitors. The model also prescribes that
funding’s impact is larger for the smallest-budget firms. Applying the model to Crunchbase’s high-potential
firms yields results consistent with the theory. For example, a 10% increase in a firm’s funding relative to
the total funding of all competing firms corresponds to a 5% increase in the likelihood of exiting before
rivals (M&A or IPO). This association is 8% for firms with the smallest budgets in the industry. Moreover,
an additional $100 million associates with a 10% higher chance of exiting ahead of competitors. For IPO
exits, this means a twofold return in expectation. But an extra $100 million in a competitor’s funding
wipes out any advantage, highlighting the role of winner-take-all competition in the strategic management

of high-potential firms.
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1 Introduction

Hundreds of billions of dollars flow into high-growth potential startups every yearE] The bulk of
that cash goes to the relatively few private firms with a proven product, clear market fit, and robust
distribution channels that promise to become industry leaders in the future (Andrews et al.[2022,
Gornall and Strebulaev| 2021, (Guzman and Stern 2020, Kaplan and Lerner|[2010).

While abundant funding facilitates the entrepreneurial process of experimentation (Gans et al.
2019)) and the pursuit of risky projects (Levinthal and March|[1981)), it also increases competition
among firms in nascent “winner-take-all industries,” where often one firm captures most or all of the
market (Hall 2010)E] The widespread use of scalable resources (Giustiziero et al. 2022, |/Adner et al.
2019, [Levinthal and Wu/[2010) and broad-applicability technologies (Miric et al.|2023, Gambardella
et al.|2021) such as Al, algorithms, data, lasers, and radio communication systems (5G) fuel scale
economies in production, low distribution costs, and network effects in commercialization in similar
firms almost simultaneously. For example, in its early days, Airnbnb, an online marketplace for
short-term lodging, fiercely competed with its European “clone” Wimdu. Because of network
effects and scale economies, Wimdu and Airbnb vied for industry dominance (e.g., [Hoffman and
Yeh/|2018:2). Airbnb won the competition, despite originally raising less than a tenth of the $90
million Wimdu raised. It closed a successful IPO in 2020 valued at about $100 billion, while Wimdu
shut down operations in 2018E] Scale, scope, and network economies entail that many high-growth
potential firms compete for the whole market rather than compete in a market. (Hall 2010:4,
Eeckhout |2021:26). Still, little is known about how they allocate resources while doing so.

This paper studies high-growth potential firms’ resource allocation under winner-take-all com-
petition, both theoretically and empirically. The resource to be allocated is cash because firms with
proven product-market fit and distribution channels already possess working capital from funding

rounds or sales. While cash provides a latent ability to outcompete rivals (Kim and Bettis|2014)),

1VC-backed firms, for example, received more than 330 billion dollars in 2021, and the average funding per deal
increased almost 7-fold from 2012 to 2021 in the U.S. alone.National Venture Capital Association and Crunchbase,
retrieved September 28, 2022.

2Marc Andreessen—investor and entrepreneur renowned for co-authoring the first widely used web browsers Mosaic
and Netscape—when Elad Gil (Gil 2018) asked him about the priorities once a technological firm’s product works
attracting buyers: “Once there’s product/market fit, then the main thing becomes taking the market — which is to
say, figuring out how to get the product to the entire market, how to get dominant market share; because most tech
markets tend to end up with one company with most of the market share.”

3See Techcrunch), retrieved April 25, 2023.


https://nvca.org/research/
https://news.crunchbase.com/startups/na-vc-startup-funding-2021-recap/
https://techcrunch.com/2018/09/27/wimdu-rocket-internets-airbnb-clone-to-shut-down-this-year-facing-significant-business-challenges

it also entices waste or misallocation of funds (e.g., [Frésard and Salva 2010, Ahuja et al.|[2005)). In
extreme cases, abundant cash tempts entrepreneurs to divert funds to their personal accounts, as
documented in the case of WeWork, FTX, Theranos, and many others that were once high-growth
potential firms (Brown and Farrell [2021} (Chohan|[2023, Diamandis et al.2022). The trade-off be-
tween investing toward industry dominance and consuming cash unproductively exacerbates the
challenges posed by uncertainty, lack of established guidelines, organizational frictions, and agency
problems entrepreneurial firms face (Moeen et al.|2020, |Cerqueiro et al.[2017) Roach and Sauermann
2015, [Wu and Knott|2006, |Aldrich and Auster|[1986)).

The model examines the implications of the winner-take-all assumption on firms’ cash allocation.
Each firm’s allocation decision has a certain effect today (consumption or investment) and an
uncertain effect in the future (industry dominance). The first result states that when the value
of dominating the industry is enormous, all firms—small and large—prefer to invest more than
their funds allow. Thus, additional funds that relax a firm’s budget constraint improve its chances
of dominating the industry insofar as total competitors’ funding does not increase by a similar or
larger amount.

A second result highlights the importance of firm heterogeneity within an industry niche (the
‘niche’ for simplicity). Consider a niche where the difference between the smallest and largest budget
is substantial, and the value from dominance is significant. The firm with the smallest budget
invests it all. Despite the small investment, the small firm still has a chance to win. This creates
a ‘leapfrogging effect’” where smaller firms have a strong incentive to invest, and can potentially
outcompete better-funded competitors (Fudenberg et al.[|1983). The association between budget
and dominance is therefore larger for small-budget firms than for large-budget firms.

The third result shows how cash-rich firms can be budget-constrained. Absent competition,
standard theories prescribe that small budgets preclude the firm from investing as much as needed,
while large enough budgets accommodate all projects worth investing in (Evans and Jovanovic|1989,
Hvide and Mgen|[2010)). Small firms invest their whole budget, so their budgets affect performance.
In contrast, large firms invest less than their budget, so increasing their budgets does not improve
performance. The model in this paper presents a new result: if two firms have similar budgets,
increasing the budget of the larger firm affects its chances of dominating the industry. This is

a consequence of the winner-take-all assumption. A well-funded firm might still be constrained



because its investment decisions not only depend on its budget but also on its competitor’s budget.

I apply the model to high-growth potential firms competing to exit before their competitors. 1
report results separately for each IPO and M&A exits, and for both types of exits combined. A
correlational exercise shows that, relative to the sum of all firms’ budgets in the niche, an increase
of 1% in the share of a firm’s budget is associated with a 0.5% increase in the probability of exit
through either IPO or M&A. When the exit is an IPO, the association between budget share and
exit is around 0.8%. This result is robust to including time, geography, industry, and firm controls.
Moreover, the budget of the smallest-budget firms is positively associated with exiting ahead of
competitors in niches with M&A exits. An increase of 1% in the budget share corresponding to
the firm with the smallest budget is associated with an increase of 0.8% in the probability of
exiting before rivals. Furthermore, a positive relationship exists between budget share and exit
for the largest-budget firm when the exit is either M&A or IPO, when it is M&A only, and when
the exit is IPO only. This supports the model’s prescription that largest-budget firms can be
budget constrained. More generally, the empirical exercise suggests that both lean and well-funded
firms face budget constraints, on average. Qualitative results remain when attempting to infuse
exogenous variation into budgets. Moreover, the results are not driven by budgets being correlated
with exit regardless of competition. Funding relative to competitors, rather than absolute funding,
drives the results. For example, a $100 million increase in funding is associated with a 10% increase
in the chances of being the first to first, which translates to a twofold return in expected value for
IPO exits. But a $100 million increase in any competitor’s budget reduces the likelihood of exit by
a similar magnitude.

The main contribution of this paper is describing high-growth potential firms’ decisions under
winner-take-all competition. Despite the rise of scale, scope, and network economies that engender
“winner-take-all” industries (Autor et al. 2020}, De Loecker et al.[2020, Eeckhout 2021, Hall|2010),
little is known about firms’ dependencies in competition. This paper describes how competitors’
funding affects a firm’s investment decisions and performance. In addition, the paper contributes
by formally connecting competition and working capital budgets. The theoretical literature on
budget constraints argues that additional funding only impacts small-budget firms’ decisions (Evans
and Jovanovic||[1989, Hvide and Mgen! 2010|). This paper shows that additional funding can also

affect large-budget firms because their investments respond to rivals’ investments. The paper



also contributes to the empirical literature on financial constraints. The literature has focused

on assessing the effect of cash on established public companies (e.g., [Fazzari et al.|[1987, Kaplan|

land Zingales||1997| or very small firms (e.g., (Conti 2018, Howell| 2017)), but to my knowledge has

seldom studied the effect of funding on high-potential private firms (Hall|2010). I find empirical
evidence consistent with budget constraints for small and large high-growth potential firms in
competitive environments. Finally, the paper adds to the resource allocation literature by studying

how high-growth potential firms use their cash. The literature focuses on resource re-deployment of

established, often multi-unit firms (Belenzon et al.|2019, Maritan and Lee|[2017, [Karim and Capron|

2016, Helfat and Eisenhardt{2004), and the cost and benefits of cash, such as the flexibility to pursue

risky projects and the temptation to misallocate funds (Deb et al|2017, [Kim and Bettis| 2014,

|Ahuja et al.[2005). This paper shows that competition can discourage firms’ cash misallocation.

Furthermore, the paper empirically shows that cash budgets are associated with firm performance,

thereby elevating funding as a key strategic indicator.

2 Background

Cash is a general resource that offers firms the option for downstream diversification 2009),

internal resource financing when facing market frictions (Dickler and Folta 2020, Belenzon et al.|

2019), the pursuit of risky projects (O’Brien and Folta 2009, |O’Brien 2003, and latent ability to

outcompete rivals (Kim and Bettis [2014). The flexibility granted by cash is particularly beneficial

to high-growth potential firms as they are yet to consolidate.

However, the widespread availability of cash flowing to high-growth potential firms fuels com-
petition. The rise of scale, scope, and network economies combined with exuberant entrepreneurial
funding has given rise to similar firms growing simultaneously in the same industry niche. Fierce
competition ensues as rivals vie for a market rather than compete in a market (Eeckhout|[2021}:26).

Scale-free resources and technologies that have broad applicability such as data, software, Al al-

gorithms, wireless communication, and some lasers and chemicals (Gambardella et al.|2021} |(Conti

et al.|[2019] Siebel 2019, |Agrawal et al. 2018, Brynjolfsson and McAfee|[2014)) together with access

to global markets through the internet allow firms to enjoy low marginal costs and high barriers

to entry once consolidated (Giustiziero et al.2022, |Adner et al|[2019, [Farrell and Simcoe| 2012,




Levinthal and Wu 2010). Consolidation involves little to no competition (e.g., [Teece et al.|[1997,

sometimes even in industries with network effects, e.g., Simcoe and Watson!2019), and buyers’ and

suppliers’ market power (Autor et al.|2020, De Loecker et al.|2020). But consolidation and market

power are not guaranteed because contestant firms must win a winner-take-all competition before

they can appropriate value from industry dominance (Hall|2010:4, Hoffman and Yeh|2018).

High-growth potential firms’ competition has received little attention. Standard approaches

assume either entrants challenging incumbents (see e.g., |[Schumpeter|1939: Ch.3, (Christensen and|

Bower||[1996, |Gans and Stern/2000, [Westgren and Wuebker|2019, [McGahan et al.|2021) or established

firms competing in price or quantity for market share (see, e.g., |[Porter||1981], Bulow et al.[|1985,

Makadok! 2010}, |Cabral 2018)). In winner-take-all settings, competitors’ investments determine the

probability of each winning an indivisible prize (Loury||1979, Dasgupta and Stiglitz||1980, Taylor|

. From the perspective of an entrepreneurial high-growth potential firm, that prize is often
securing a successful Initial Public Offering or being the target of a lucrative acquisition. Thus,
high-growth potential firms do not necessarily compete with a consolidated incumbent or seek
market share[]

Tournaments have been analyzed in the context of R&D races and lobbying, primarily by

established organizations (e.g., R&D: |Mihm et al. 2015, Khanna and Iansiti|1997, |Grossman and|

1987} lobbying: [Jial[2018| [Kang|[2016| De Figueiredo and Silverman|[2006). However, high-

growth potential firms invest in all areas of the business to develop a strategic advantage and

outcompete rivals. Dominance requires scaling up, that is, investing in formalizing organization

structure, acquiring specialized resources, and increasing payroll so internal resources can sustain

the intended expansion in customer base (Lee and Kim| 2022, Marmer et al.|2011, |Gans et al.|2019,

DeSantola and Gulati 2017, [Eisenmann| 2006)). A growing literature studies the processes firms

undergo when scaling up (see, e.g., [Lee and Kim| 2022, DeSantola and Gulati|[2017)). Still, little

attention has been placed on how much cash firms need to outcompete rivals also scaling up.
The amount invested in outcompeting rivals depends on firms’ beliefs about the future benefits

of investment. Those benefits are highly uncertain at the time the firm commits cash to develop or

4Competition between similar high-growth potential firms occurs before they are the target of an acquisition. Thus,
studying pre-acquisition competition complements the documented decrease in competition after incumbents acquire
firms whose potential growth, although uncertain, represents a threat to them (Kahle and Stulz|[2017, [Hemphill and|
|2019L |Cunningham et al. 2021, Jin et al.[2022, [Ederer and Pellegrino|[2023} |Antén et al.|2023).




bring resources into the firm (Berman et al.||2023, Lee and Kim|[2022, Moeen et al.|2020, [Wu and

2006). When benefits are perceived as high, the literature suggests that firms’ limited funds

constrain decision-making: more cash could afford valuable investment (Evans and Jovanovic||1989,

Hvide and Mgen| 2010, Bernhardt|2000). In contrast, when expected benefits are low, funds only

constrain small-budget firms’ investments. However, these models do not study winner-take-all
competition. Winner-take-all competition makes firms’ decisions depend on rivals’ budgets, which
may constrain large firms’ investments as well.

Budget constraints are important because they leave little margin for error (Barnett|[1997) and

reduce entrepreneur’s temptation to waste, misallocate, and appropriate cash (Frésard and Salval

2010}, |Ahuja et al.2005| Jensen and Meckling 1976, Williamson| 1967). The empirical work that

documents the role of budget constraints on firm performance focuses on very young and small

firms (Howell|[2017], Conti |2018)) or very large and established ones (Rauh/[2006|, Fazzari et al.|1987,

Kaplan and Zingales||1997). However, we know little about the conditions under which high-growth

potential firms are constrained by their fund size, and whether fund size affects firms’ performance.

Looking at funding reveals that the effect of investment is not absolute but relative to com-
petitors in a winner-take-all setting. As such, this study posits funds as a potential dimension in
which high-growth potential firms differentiateEl I begin with a formal model of winner-take-all
competition as an organizing framework. The model relies on explicit assumptions that lead to
empirical hypotheses by connecting investment—often unobserved—with total funds, which are
largely observed. Then, I test the prescriptions from the model using a dataset of high-growth

potential firms with funding to scale.

3 Model

I illustrate the interplay between investment, budgets, and competition using a tractable formal

model. The model is parsimonious and follows a growing tendency in strategy research (see, e.g.,

Hannah et al.[2021} (Csaszar|2020, Makadok et al.|[2018).

Consider two firms competing in a niche. Each firm possesses a working capital budget (“bud-

® Another differentiator, namely, value propositions at the time of the founding, has been studied by
(2023)). The authors find that distance in value propositions is positively associated with performance in the long
run.



get”) by and by, respectively. Let us assume b; > by > 0 without loss of generality. Firms use
all or a portion of their budgets to invest toward winning the winner-take-all competition that
grants industry dominance. There are several ways in which investments can affect the (endoge-
nous) probability of success in all-pay winner-take-all settings. They all yield the same qualitative
results (Baye and Hoppe|[2003, |(Chowdhury and Sheremeta 2015)E| I focus on the standard Tul-
lock’s success function for tractability (Tullock [1980). The probability a firm achieves dominance
ahead of competitors is given by its investment over the total amount invested by all firms in the
nicheE] Calling x1 and x9 the investments of firm 1 and 2, respectively, the probability firm 1 wins
is x1/(z1 + xg)ﬁ Denote that fraction p;. The probability that firm 2 wins is po = 1 — p;. Thus,
the probability a firm wins strictly increases with investment (at a decreasing rate) and decreases
with competitor’s investment, everything else equal.

Firm ¢’s management, i = 1,2, decides how much of the budget b; to invest (x;), to maximize
expected lifetime profits

™ = by — x; + piv, (1)

where v > 0 is the value captured if industry dominance is achievedﬂ The first two terms in Equa-
tion[l] b; —x;, capture consumption, namely what is left of the budget after investing. Consumption
represents waste or misallocation of cash, e.g., diverting funds to buy private jets, enlarge the en-
trepreneur’s bank accounts, or fund initiatives unrelated to the business. Note that the assumption
that cash not invested is consumed implies that consumed cash has no option value. Option value
of resources is important (as it is documented for established firms in, e.g., |O’Brien and Folta
2009, (Cassiman and Ueda| 2006, Bettis and Hitt||1995]), but because this model does not include
adjustment costs, cash used to build an option is treated as investment.

The third term in Equation (I} p;v, represents the expected value of industry dominance. It

SMore precisely, these models are strategically equivalent, i.e., the equilibrium strategies are the same.

"In Online Appendix [F} I present a more general model and prove the existence and uniqueness of equilibrium.
The model here is a particular case of the general model. The general model assumes investments have decreasing
returns on the probability of winning and an arbitrary number of firms competing in the niche.

8The [Tullock| (1980) specification permits to accommodate firms buying out competitors and discontinue their
projects when three or more players compete. For example, if there are three players and firm 1 acquires firm 2, then
p1 is a function only of the investment of firm 1 and firm 3. However, this interpretation of the model does not hold
with two players.

9In this model, value v is known by all the firms in the niche. This is for simplicity. The critical assumption is
that the entrepreneurial belief formation process (e.g., [Barach and Rider|[2023| |(Camuffo et al.|2020} |Felin and Zenger
2009) is such that firms have similar (but not necessarily equal) estimates about the size of future value.



assumes that with probability p; firm ¢ gets v, and with probability 1 — p; firm ¢ gets zero value
(e.g., fails). The zero-value normalization for the losing party is to ease exposition. The parameter
v can also be interpreted as the value obtained from achieving a milestone event associated with
dominance (e.g., an IPO) minus the value from not doing so. I assume no temporal discounting for
simplicity and that the maximum amount firm ¢ can invest is biE I focus on each firm’s investment
x1 and xo taking by, be, and v as parameters of the model. I analyze the model by finding the
(unique) Nash equilibriumm

Consider first the case where value v is very small relative to budgets b; and bo. Firms face
little incentive to compete by investing, making consumption attractive. A firm invests little, and
the competitor responds by investing little. Both firms’ budgets are large enough to cover the small
investments, so budgets do not affect the probability of dominance directly. Because firms are the
same except for the size of their budgets, and budgets do not affect the amount invested, they invest
the same amount. That amount is such that one extra dollar brings one dollar worth of expected
increase in value. The marginal condition pj(x;)v = 1 for each firm ¢ implies that z; = o = v/4.
This holds as long as each investment falls within budget: v/4 < b; and v/4 < be, where the second
inequality implies the first due to the assumption b; > by. Firm 1 consumes b; — v/4 > 0 and firm
2 consumes by — v/4 > 0.

In practical situations, however, it is rare to encounter cases where the value is significantly
lower than the budget. For instance, consider a scenario where the budget of firm 1 is $300 million
and that of firm 2 is $100 million. For firms to consume, the value at stake should be less than
$400 million (v/4 < be). Investors are unlikely to fund a firm with $300 million to make less than
$400 million in the best scenario (or an expected value less than $200 million). Moreover, firm 1’s
management have at their disposal at least $200 million for consumption. We should not expect

cases like this to be common@ On the contrary, value should be significantly greater than at least

YExtending the model to include access to credit markets would introduce excessive risk-taking (e.g.,
de Figueiredo Jr et al.|[2023) or a ‘risk-shifting’ problem (e.g., [Herndndez-Lagos et al.||2017} |Gilje/2016) if the firm
only can pay when it wins. The assumption that the financial constraint is given by funds available is meant to
describe the fact that entrepreneurial firms do not generally have access to debt financing and must rely on internal
funds.

"Note that Equation [1]is continuous, strictly concave with a unique maximum value and maximum point that is
subject to a constraint defined by a compact set. The problem for firm ¢ features a unique solution for each value of
v, b1, by and z;, j # i. A Nash equilibrium exits and is unique, see Online Appendix |E| for details.

2Brown and Farrelll (2021)) study the case of WeWork’s CEO Adam Neumann and how he frequently presented
projections of fantastic growth (see, e.g., pages 213-215) when the company, in reality, was no different from established
real estate companies, which feature small returns on capital. However, Adam Neumann secured billions in cash from



one of the firms’ budgets.

If value v is large compared to each firm’s budget, even a small chance of industry dominance
offsets the benefit from consumption. More precisely, a v large enough makes the marginal benefit
of investing p/(b;)v greater than 1 (its marginal cost) because p(b;) > 0, for each firm ¢ = 1,2. If
a firm invests all its budget, it still would want to invest more. Thus, each firm invests its whole
budget, leaving no room for consumption. In other words, firms are budget-constrained regardless
of their budgets’ size and the probability of dominance is a function of the budgets, p; = b; /(b1 +b2),
for each firm ¢ = 1,2. The first hypothesis is a statement of that result.

Hypothesis 1. There is a one-to-one association between the probability a firm achieves dom-
inance in a niche and the share of its budget over the sum of all firms’ budgets in that niche.

Hypothesis 1 describes the case where value v is large relative to both budgets. Still, there
could be considerable differences between budgets. The following proposition presents a theoretical
relationship between firm 1’s budget share, b;/(b; + b2), and the probability of dominance when

firm 1’s budget varies with respect to firm 2’s budget. The proof is in Online Appendix [A]

Proposition 1. Fiz firm 2’s budget ba and value v such that v/4 > by > 0. Denote s1 the share
of firm 1’s budget over total budgets, s; = b1 /(b1 + b2). The equilibrium probability py that firm 1

achieves dominance as a function of s1 is given by:
1Lopr= /152 if0<s1 < 5(1— /1 —4by/v),
2. p1=s1if 5(1 — /1 —4by/v) < s1 <1—/by/v, and
3. p1 =1—/ba/v (independent of s1) if 1 — \/ba/v < s1 < 1.

Proposition (1| formalizes the strategic role of budgets. It outlines how the probability of firm 1
becoming dominant depends on firm 1’s budget share. The first two items in Proposition [I] show a
positive relationship between budget share and dominance, while item 3 indicates no relationship.
This means that increasing a budget only improves the chances of achieving dominance when the
budget is small or similar to that of the competitor.

Figure [1] plots the function in Proposition [Il The segment from 0 to A in the figure represents

item 1. The steep association between firm 1’s budget share and dominance at 0 illustrates a

investors, particularly Masayoshi Son’s Softbank. The case of WeWork illustrates that situations where value is small
compared to what firms raise may be uncommon, but they do exist.



leap-frogging effectﬁ A small increase from a zero budget allows the firm to ‘be in the race,’
prompting the larger competitor to invest a small amount in response. The rival’s lenient response
implies a relatively significant impact of a budget increase on the probability of dominance for the

small-budget ﬁrmE The leap-frogging effect leads to the next two hypotheses.
[Figure [1| about here]

Hypothesis 2a. An increase in the smallest-budget firm’s budget share (budget over the sum
of budgets in the niche) is more strongly associated with achieving dominance than an increase in
the other firm’s budget share.

Hypothesis 2b. An increase in the smallest-budget firm’s budget share (budget over the sum
of budgets in the niche) is more strongly associated with achieving dominance than an increase in
the other firm’s budget share, the greater the dispersion of budgets in the niche.

Item 2 in Proposition [I] states the formal conditions that lead to Hypothesis 1: if firms have
similar budgets, as illustrated by the segment AB in Figure[I] the probability of dominance coincides
with the share of firm 1’s budget over total budgets. Proposition [I] item 3 states that when the
share of firm 1’s budget is large enough to lie to the right of B in Figure [l dominance does not
depend on firm 1’s budget share. Increasing firm 1’s budget does nothing to improve the chances
of achieving dominance in that case because firm 1’s budget is enormous relative to firm 2’s.

Hypothesis 3. An increase in the largest-budget firm’s budget share (budget over total budgets
in the niche) does not associate with achieving dominance.

The hypotheses derived from Proposition [I]fix the competitor’s budget, in this case, by. Allowing
that budget to change yields a final hypothesis on how the competitor’s budget affects the firm’s
outcome. Before stating the hypothesis, let me continue assuming that firm 2’s budget is smaller

than v/4 (firm 2 is budget-constrained, zo = by). The ideal (unconstrained) investment by firm

13The result stems from the derivative of p1 with respect to s1 at s1 = 0 being unbounded.

14The term ‘leapfrogging’ has been used in the tournament literature to describe the conditions under which a firm
that is behind in the race can jump ahead of the competitor (Fudenberg et al.||[1983:3). However, some papers have
used the term in a slightly different way. For example, |Baye and Hoppe/ (2003)) talks about leapfrogging in innovation
contests (e.g. [Boudreau et al|(2011))) when referring to the positive externalities that competitors’ investments exert
over the expected value of the innovation. |Baye and Hoppe, (2003) use the term ‘leapfrogging’ because their model
assumes that investments by one firm increase its chances of finding an idea that can ‘leapfrog’ the best idea from
competitors. When looking at tournaments’ incentive effects, they usually pose differential incentives to underdogs
and favorites (e.g., [Brown| (2011), |Ederer| (2010)), Brown and Minor| (2014)). For example, |Brown| (2011)) finds that
competitors underperform when a superstar golf player is in the tournament. More generally, the differential incentives
underdogs and favorites face depend on the type of contest.

10



1, x1, is such that marginal benefit equals marginal cost, p|(z1)v = 1. After some algebra, this is
equivalent to x1 = v/bav — by. Firm 2’s budget determines firm 1’s optimal investment. Following
the same argument, firm 2’s budget also determines whether firm 1 is budget-constrained. If
Vbav — by > by, firm 1 would like to invest more than it can afford. As a result, firms are budget-

constrained depending on the rival’s budget.
[Figure [2| about here]

Figure [2] illustrates the role the competitor’s budget play. Point E represents the equilibrium
in which firm 2 is budget-constrained and firm 1 is not. Firm 1 invests z g, which depends on firm
2’s budget by, and consumes by — xp > 0. If firm 2 had a larger budget, it would make firm 1
budget-constrained. That situation is represented by point E, where firm 2’s budget by makes firm
1 budget-constrained. Firm 1 invests b; and firm 2 invests by. Thus, the probability that firm 1

achieves dominance after investing x1 > 0 is a function of firm 2’s budget b = b:

1—\/[)/12 0<£L’1<b1

bl/(b1+b) l‘lzbl.

b1

In either case, p; is decreasing in the rival’s budget b. This observation yields the last hypothesis:

Hypothesis 4. The probability that a firm achieves dominance decreases in its competitor’s
budget.

I would like to make one last observation about the model. Proposition |1 implies that if value
v is immense, item 2 holds for most of the domain in Figure [1| (point A gets closer to zero and
point B closer to one as v increases). One interpretation of this result is that for values v very
large, all firms are budget-constrained and budget share and probability of dominance are related
one-to-one. Although we do not observe perceived value v, the one-to-one association can be tested

empirically. Such association constitutes the basis for the following empirical analysis.

4 Data

The data come from Crunchbase, a provider of data on privately owned firms that have received

funding at some point. Crunchbase includes any firm involved in a new funding round, acquisition or
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initial public offering. According to Crunchbase, the data are validated through machine learning
and human inspection to ensure accuracy. In addition to funding details, Crunchbase provides
information about the company’s name, industry classification, and other relevant characteristicsﬁ
I use the sample of firms that have raised at least $29 million by November 2021. While the cutoff
is somewhat arbitrary, it was chosen because it covers the typical total funding raised until Series
A (Pre-seed, Seed, and Series A)EI focus on firms with significant funding because high-potential

startups are more likely to scale up after securing substantial funds (Lee and Kim|2022]).

4.1 Key variables

I use Crunchbase’s standardized classification of a firm’s industry and intellectual property class to
group firms into niches. Industry classification comprises text about Crunchbase’s denominated ‘in-
dustry groups’ (47 categories) and ‘industries’ (744 categories). Intellectual property classifications
are based on firms’ patents and trademark information from a third-party source (IPQWERY). A
firm can belong to many industry groups and to many industries. The intellectual property clas-
sification can also have multiple categoriesm To determine niches, I combine these four variables
to create a corpus for each firm and use the Levenshtein edit distance (Levenshtein et al. [1966)
between all pairwise combinations of firms’ corpora. A niche consists of firms whose Leveshtein
distance is below a certain threshold [[¥]

To build the sample, I consider firms headquartered in English-speaking countries plus Israel to
maintain some degree of cultural and geographic homogeneity. Additionally, I only consider firms
for which Crunchbase records the last funding event before the first IPO or M&A exit in their

corresponding niche. This allows me to explore any association between funding and exiting ahead

15Crunchbase data has been used in the literature to study entrepreneurship. For example, |Conti and Roche
(2021)) focuses on the impact of aggregate unemployment on the characteristics of entrepreneurs’ subject pool in the
biotechnology and medical device sectors.

16 According to Curnchbase, average Seed funding was around $4 million and Series A funding was around $21
million|in 2021. Pre-seed funding data is limited but should be less than Seed funding on average.

“An example of a firm’s industry group classification is ‘Artificial Intelligence, Data and Analytics, Information
Technology, Science and Engineering, Software.” An example of ‘industries’ classification is ‘Analytics, Artificial
Intelligence, Big Data, Data Mining, Software.” And an example of a IPQWERY’s patent class is ‘Computing;
Calculating’ and of a trademark class is ‘Scientific and electric apparatus and instruments.’

18The detailed algorithm and its code are here https://github.com/reifjulian/strgroup. Retrieved August 28,
2022. The Levenshtein edit distance is the minimum number of insertions, deletions, or substitutions necessary to
change one string into the other. A pair of firms is matched to a niche if their Leveshtein edit distance is below a
threshold. I start with a small threshold (0.1) and collect all niches. Then I take all the firms that were not matched
and run the same procedure with a larger threshold (0.2). The algorithm continues (with threshold increments of
0.1) until no firms remain unmatched.
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of competitors and focus on cross-sectional competition among funded firms in the same niche. The
sample consists of 2,174 firms in 803 niches.

The outcome variable is First to Exit, an indicator that equals one if a firm achieves an initial
public offering (IPO) or an acquisition event (M&A), whichever comes first, before all the other
firms in the niche and zero otherwise. To apply the model, it is important to note that the model
does not require that the first firm to exit will dominate the market in the long-term. It simply
requires that the firms in the niche perceive that being the first to exit is a reward (pecuniary or
not) worth competing for. Thirty-seven percent of the firms feature an exit ahead of competitors
(IPO or M&A). I separate niches by whether an IPO or a M&A occurred first, as described below.

The main explanatory variable is Budget Share, the firm’s budget over the total budget in
the niche. I measure the budget of each firm as the total funding in U.S. dollars raised by the firm
throughout its life before an exit in its niche. Budgets range from $29m to $6,468m, with a mean
of $122m and median of $58m. The mean budget share is 0.37, and the median 0.34.

First to Exit and Budget Share may be correlated due to firm characteristics, such as age,
funding rounds, and revenue, or elements of the environment that make a firm more likely to both
get funding and secure an exit later on. I use geographic, time, sector, and firm controls to account
for this variation. To capture geographic idiosyncrasies, I use the firm’s headquarters country as
a control. Eighty-eight percent of the firms’ headquarters are in the U.S., 6% in the U.K., 3% in
Canada, and 1% in Israel. The rest (Australia, Ireland, and New Zealand) make up the remaining
2%. To control for time variation, I use indicator variables corresponding to the year in which a firm
received the last round of funding and the exit year of the firm that exits first. The earliest last-
funding year is 1986, and the latest is 2021. The median is 2013. The earliest exit in the sample took
place in 1999, and the latest in 2021. The median exit year is 2017. To control for the technology
sector, I use Crunchbase’s classifications on ‘industry groups’ to categorize (non-exclusively) firms
as Artificial Intelligence, Biotechnology, E-Commerce, and Financial Services@ Finally, I include
the number of funding rounds, the number of acquisitions, the number of employees (in ranges),

and revenue (in ranges) to account for firm-level characteristics correlated with budget and exit.

Tndustry groups for: 1) Artificial Intelligence: ‘Artificial Intelligence’, ‘Data and Analytics’, ‘Information Tech-
nology’, ‘Software’; 2) Biotechnology: ‘Biotechnology’, ‘Health Care’; 3) E-Commerce: ‘Commerce and Shop-
ping’,‘Internet Services’,'Media and Entertainment’,‘Platforms’,'Administrative Services’; 4) Financial Services: ‘Fi-
nancial Services’,‘Lending and Investments’,‘Payments’,‘Real Estate’.
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The median firm features between 51 and 100 employees and revenues from $10m to $50m. Table

presents summary statistics for the whole sample.

[Table [1| about here]

Table in the Online Appendix presents summary statistics for the 121 niches where the first
exit event is an IPO. The number of firms in those niches is 372, and each firm’s funding is about
$210 million on average. Table in the Online Appendix presents summary statistics for firms
in niches where a M&A is the first exit event. That event occurred in 682 niches, which combined

encompass 1802 firms. Those firms received, on average, $100 million in funding each.

5 Results

The analysis consists of linear probability models that correlate First to Ezit with the firm’s Budget
Share. Because budget shares are, by definition, computed using the budgets of all the firms in a
niche, observations within a niche cannot be independent. Thus, I use variation across niches to
calculate the estimates. To take advantage of firm-level variation in the data, I conduct a stratified
bootstrapping procedure. The procedure yields estimates’ distributions by randomly drawing one
observation from each niche and running the regression over the drawn observations, re-sampling
with replacement a thousand times (see, e.g.,|[Efron and Tibshirani| (1993))). I report the coefficient’s
mean and the coefficient’s standard deviation (standard error) from the bootstrap procedure.

Table [2 shows the results from regressing First to Fxit on Budget Share without controls and
then adding sequentially country, time, sector, and firm-level controls. Column (1) shows that the
mean coefficient is about 0.6 and significant at conventional levels. That is, a 1% increase in the
budget share is associated with a 0.6% higher chance of TIPO or M&A. The coefficient does not
change much by adding controls in columns (2) through (4). When including firm-level controls,
the coefficient in column (5) is smaller, 0.47, but still significant at conventional levels.

Next, I present the results from separating M&A from IPO exits. The purpose of this separation

is to facilitate the exposition of the main correlationsm Table [2| column (6) only considers niches

29Geparating IPO and M&A niches might bear the concern that one is selecting on the dependent variable. That
concern would be particularly strong if the paper was focused on explaining the differences between IPOs and M& As.
The focus is instead on testing the winner-take-all assumption by measuring correlations between budgets relative to
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where the first exit is a M&A. The coefficient is the smallest, 0.34, and the standard error estimate
is 0.06. Finally, column (7) only considers niches in which the first exit is an IPO. Including all
controls, the coefficient is larger, about 0.8, and significant at conventional levels, even though the
standard error estimate is also larger.

Recall that Hypothesis 1 prescribes a one-to-one relationship between Budget Share and First
to Exit. The relationship is about 0.6 when considering both outcomes, IPO and M&A, 0.3 when
the outcome is M&A, and 0.8 when the outcome is IPO. These estimates suggest that Hypothesis
1 is not borne out by the data, but the relationship between Budget Share and First to Exit is

positive and significant, and especially strong in niches where the first exit is an IPO.
[Table [2 about here]

Table [3] presents correlations between First to Exit and Budget Share and the Budget Share of
the firm with the smallest budget in the niche. Columns (1) to (5) show the results for the whole
sample; namely, the first exit is either an IPO or a M&A. The specification without controls in
column (1) suggests that firms with the smallest budget feature a practically one-to-one relationship
between budget share and exit. The sum of both coefficients is close to one and significantly
different from zero at conventional levels (chi-square test p-value < 0.001). By adding controls
sequentially, the sum does not change dramatically in columns (2) to (4). Neither does it when
the full set of controls is included in column (5). The coefficient on the interaction is stable across
specifications (1) to (5), and all coefficients are significant at conventional levels. The association
between budget share and exit for the smallest firm is about 50% higher than the same association
for the rest of the firms. Table [3| column (6) presents the results over the sample of niches where
the first exit is a M&A. The coefficient on Budget Share is smaller, 0.39, but the one on the
interaction remains qualitatively similar to the same coeflicient estimated over the whole sample

and significant at conventional levels. The sum of both coefficients is also significantly different

competitors and exit. The study does not intend to disentangle the determinants of an IPO from the determinants of
a M&A. In any case, the Online Appendix [B] summarizes the results from a multinomial model that considers three
outcomes separately: IPO, M&A, and none. The results corroborate the significant correlations between Budget Share
and First to Exit reported here. More precisely, the positive correlation between budget shares and exit (in either
way) remains strong and significant. The Online Appendix [B| Multinomial logit summarizes the results from the
multinomial model, which also explores associations between budget and exit in sectors that have attracted attention
in the literature (Cockburn and Henderson||1994, [Higgins and Rodriguez| 2006, [Krieger et al.|[2017) |Cabral|2021)):
Biotechnology and Artificial Intelligence. The results show no significant differences in the importance of budgets
across sectors.
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from zero at conventional levels (chi-squared test p-value <0.001). Table |3| column (7) shows the
estimates when the first exit in the niche is an IPO. The coefficient on Budget Share is 0.78, which
is similar to the specification without the interaction in column (7) Table [2| and significant at
conventional levels. However, the coefficient on the interaction is small in magnitude, negative, and
estimated imprecisely, suggesting no stronger association between Budget Share and First to Exit
for the smallest-budget firms in their niches. These results indicate that budgets of small-budgeted
firms are more strongly associated with exit than budgets of other firms over the whole sample,
as prescribed by Hypothesis 2a. However, the data indicate that this result is due to the strong
correlation between smallest-budget firms’ budget shares and exit in niches where a M&A is the

first exit.
[Table 3| about here]

According to Proposition [1} the strong correlation between the smallest-budget firm’s Budget
Share and First to Exit exists if and only if its budget is very small relative to rivals’ budgets.
Table [4] presents the estimates from running similar specifications to those in Table [ except that
now they include an interaction between the dispersion of budget shares within the niche, the
Budget Share, and the indicator of being the smallest firm in the niche. Dispersion is measured by
an indicator that the firm’s budget share exceeds the sample median standard deviation of budget
shares. Column (1) shows the results without controls, and column (2) shows the results with all the
controls. In both specifications, firms with the smallest budget in niches featuring disperse budgets
seem to have a more positive association with exiting first. The sum of coefficients significantly
differs from zero in each specification (each chi-square p-value is less than 0.001). Moreover, the
association between smallest-budget firms’ share and exit in budget-disperse niches is larger than
in less budget-disperse niches, as evidenced by the positive coefficient on the triple interaction. The
coefficient is significant at 5% level of confidence in each specification. These qualitative results
remain when estimating the model over the sample of niches where a M&A is the first exit, in
columns (3) and column (4), without and with controls, respectively. Table |4] columns (5) and (6)
show the estimates over the niches where the first exit was an IPO, without and with controls,
respectively. Each specification’s coefficient on Budget Share is very close to one and significant

at conventional levels, mimicking the results in previous tables. However, the double and triple
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interaction coefficients are no different from zero at conventional significance levels. I interpret these
findings as supporting Hypothesis 2b over the whole sample, but as was the case for Hypothesis
2a, the oversized relationship between budget shares and exit is driven by the strong correlations

in M&A niches.
[Table [4] about here]

Table [5] presents the estimates for Budget Share and Budget Share of the firm with the largest
budget in the niche. Hypothesis 3 states that budget shares large enough should not be associated
with the first exit within a niche. Column (1) in Table |5 shows the estimates from adding the
interaction between Budget Share and an indicator of being the largest firm in the niche. Budget
Share is positively (0.78) and significantly associated with First to Ezit but being the largest budget
in the niche reduces that association. The coefficient on the interaction is -0.25 and significant
at conventional levels. Column (2) adds an interaction with an indicator of the budget share’s
dispersion. The specification produces a coefficient on that interaction of -0.08, indicating a weaker
relationship, closer to what Proposition [I| prescribes. However, the coefficient is not precisely
estimated. Still, the sum of coefficients is significantly different from zero at conventional levels
(chi-squared test p-value< 0.001). Columns (3) and (4) present the same specifications as in (1)
and (2), respectively, except now the coefficients are estimated over niches where the first exit is a
M&A. The coefficients are qualitatively similar to those in columns (1) and (2). Table 5] column (5)
presents the results over the sample of niches where an IPO is the first exit. The estimate on Budget
Share is positive, 0.74, significant at 5% level of confidence. The coefficient on the interaction is
very small and not significantly different from zero at conventional levels. Column (6) adds the
triple interaction between Budget Share, largest-budget indicator, and high-dispersion indicator.
The coefficient on Budget Share remains high and significant at 5% level. However, neither the
coefficient on the double interaction nor the coefficient on the triple interaction is significantly
different from zero. These results suggest that the relationship between the budget share of the
largest-budget firm and exit remains positive over the whole sample and in niches where the first
exit is a M&A, even though the relationship is smaller for the largest-budget firms than for the
rest. However, in niches where the first exit is an IPO, the association between budget shares and

exit is no different for the largest-budget firms than for the rest. Hypothesis 3 is not borne out by
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the data.
[Table [5| about here]

Together, the results in this section indicate that funding relative to competitors positively
correlates with firms exiting before competitors. These results suggest that lean and well-funded
firms are often budget-constrained.

A brief on endogeneity is warranted. Even though including a rich set of controls ameliorates
the concern about the lack of exogenous variation in budgets, it does not eliminate that concern
completely. In the Online Appendix[C] I present an exercise that further addresses potential omitted
variable issues. Using four sets of variables that could infuse exogenous variation to budgets, namely
1) opportunity cost of capital, 2) expectations, 3) volatility, and 4) hype, the exercise shows that
the main qualitative results from this section hold. In particular, the coefficient on Budget Share is
positive and significant at conventional levels, the signs of interaction effects are consistent with the
signs in the main results from the OLS, especially those associated with the ‘leapfrogging effect,’
and all estimates are less precisely estimated. All in all, these results reinforce the conclusions from

the OLS estimates in the paper.

5.1 Unpacking the Budget Share

Hypothesis 4 states the direct implication of the winner-take-all model: an increase in the budget
of any competitor associates with lower chances that the firm achieves a successful exit if the

competitor’s budget remains fixed.
[Table [6| about here]

Table |§| column (1) shows that an increase in $100 million in the combined budget of competitors is
associated with 2% less chance of either a M&A or TPO, significant at conventional levels. Adding
controls does not change the result, as shown in column (2). Neither does adding the firm’s budget
into the specification (column 3). The coefficient on the firm’s budget is no different from zero at
conventional levels of significance. Columns (4) and (5) show the result for M&A niches, without
and with controlling for the firm’s budget, respectively. The association between competitors’

budgets and the firm’s exit is also negative but weaker in both specifications. Finally, columns (6)
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and (7) show the same but over IPO niches. The coefficients on competitors’ budgets are negative
at about 2%, significant at conventional levels, in both specifications. These results lend support

to Hypothesis 4.

6 Absolute budgets and exit

The results in this paper show that budgets matter relative to the budget of competitors. Do
budgets matter even if they are not compared against competitors’ budgets? Table [6] shows that
a firm’s budget by itself is not associated with exit when accounting for competition within the
niche. But a firm’s budget may be correlated with exit regardless of competition. Firms’ funds
alone could explain exit because exit by either M&A or by IPO is usually a liquidity event. As such,
raising money could be correlated with subsequent liquidity events mechanically. If that is the case,
we should observe positive and significant correlations between funding and exit at the firm level,
without accounting for rivals’ budgets. Table[7] presents the results from running a linear regression
model of exit on total funding per firm (in $100 million). Columns (1) and (2) show the results for
exit instead of the first exit as the dependent variable over the whole sample, without controls and
including the full set of controls, respectively. In each column, the coefficient is small in magnitude
and not significant. The coefficient in column (2) is negative so we can discard estimates above
0.05 with a 95% level of confidence. That is, an additional 100 million in funding would, at most,
be associated with a 0.05 increase in probability at 95% confidence level. Columns (3) and (4)
present the results restricting the sample only to niches in which the first exit is a M&A and an
IPO, respectively. The coefficients in these cases are very small in magnitude and not significant

at conventional levels.
[Table [7] about here]

Table [7] columns (5) and (6) show the results using First to Ezit as the dependent variable
without controls and with the full set of controls, respectively. The estimate in column (5) is 0.01
and significant at a 5% level of confidence. However, when adding controls in column (6), the
estimate is just 0.003 and not significant. Likewise, when restricting the sample to either first exit

M&A or first exit IPO, the estimates are small in magnitude and imprecisely estimated. These

19



results suggest that the relationship between exit and total funds is weak at best.

7 Changes in budgets and probabilities

The empirical results suggest that while strong, the relationship between first exit and budget
shares is not necessarily one-to-one. Budgets could enter non-linearly in the probability of exit.
One way to accommodate that possibility is to allow for budgets to affect the probability at a
decreasing rate. More precisely, the probability of a firm first exiting in niche n is not the share of

investment over all investments in the niche, but

z)

E Tk

where « is a parameter between zero and one, i indexes firms in niche n and K is the number of
firms in niche n. The v parameter gives flexibility and allows for increments from small investments
to have a larger impact on the probability of exit than from large investments. Using Equation
I estimate the parameter v, the contribution of one extra dollar of funding to the likelihood of exit
for any budget. The details are in the Online Appendix

Assuming that budgets are independent within and across markets, the maximum likelihood
estimate 4 is 0.33 with a robust standard error of 0.06 (95% confidence interval [0.2, 0.45]). The
estimate’s precision suggests that budgets’ effect on the probability of exit decreases in the budget
size. Using the sample of niches where the first exit is a M&A, the estimate of the parameter -~y is
lower, 0.13, and a standard error of 0.07. And when estimating v over the sample of niches where
the first exit is an IPO, the estimate is 0.99 and the standard error 0.16. The small (and noisy)
estimate resulting from using the M&A niches and the estimate remarkably close to 1 when using
the IPO niches indicate that: 1) the winner-take-all model seems to be better at describing IPO
niches than M&A niches, and 2) investment shares in IPO niches provide a good measure of the
probability of securing an IPO before competitors.

Using these estimates, I compute the average change in probability based on discrete changes
in a firm’s budget. The upper panel in Table [§ shows the change in probability associated with

increased budgets for the whole sample. The panel presents three exercises. The first row considers
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changes in the firm’s budget, the second row changes in a competitor’s budget, and the third
row explores the case of adding a competitor. From the first row, a $10 million increase in a
firm’s budget is associated with a 1% increase in the probability of exiting first, overall. A more
considerable increase of $250 million is associated with about a 11% increase in the probability.
The second row shows the probability decreases by about 1% if a competitor receives 10 million
in additional funding. This number can go to 10% if additional funding amounts to $250 million.
From the third row, we can see that adding one competitor associates with a significant decrease
in the chance of exiting first. If the new competitor counts with a $10 million budget, the chance
of exit decreases by about 8%, and when its budget is $250 million, the magnitude of the decrease
more than doubles. All these estimates are significant at conventional levels and standard errors
are estimated using the Delta method.

The second panel in Table [8| presents the same changes in probability but now only for the set
of niches where the first exit is a M&A. Overall, these effects are smaller than the whole sample,
except when adding a new competitor, where results are similar to the ones in the first panel over
the whole sample. However, the third panel of Table[8] shows considerable changes. A firm’s budget
increasing by $10 million associates with a 1% increase in the probability of securing an TPO before
competitors. An increase in $250 million associates with an additional 17% chances of exit before
rivals do. Increasing a competitor’s budget associates negatively with the probability of exiting. An
increase of $10 million entails a decrease of 2% while an increase of $250 million entails a decrease
of 22%. The estimates for adding a new competitor are similar to those for adding more funding
because the parameter v is practically 1 in this subsample. All estimates in this third panel are

significant at conventional levels.

[Table |8 about here]

7.1 Magnitudes

Although the association between budgets and the probability of exiting before competitors is
strong, especially in IPO niches, it is difficult to imagine the implication of an additional, say, 10%
in such probability if funds increase by $100 million (see bottom panel in Table . Valuations at

IPO can give an idea about the value of winning. Crunchbase provides equity valuations at IPO for
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a subset of firms that first exit through IPO. However, the model requires estimating valuations for
firms that exited before competitors and those that did not. To overcome this challenge, I employ
the standard selection model in [Heckman| (1979). Using the specification to test Hypothesis 1 (but
assuming a Normal probability model to match the assumptions in the standard selection model,
see e.g. |[Amemiya/ (1984))) as the selection equation, I estimate the valuation of firms that exit before
competitors through IPO and firms that do not. Online Appendix Figure [A6] shows the valuations’
empirical distributions for each group. Firms that exit first secure valuations $2.9 billion higher
than those that do not (if they had secured an IPO before competitors), on average. According to
Table[§|bottom panel, a $100 million increase in budget entails an increase in 10% in the probability

of attaining $2.9 billion, about $290 million in expected value or about a twofold expected return.

8 Conclusion and limitations

Many high-potential firms receive substantial funding with the expectation that they can use that
funding to become the industry leader. However, this abundance of funding reaches many similar
firms competing in the same niche, propelling winner-take-all competition for industry dominance.
These opposing forces shape the origins of industry dominance, yet they have received little atten-
tion in the literature. This paper aims to fill the gap. A formal model shows how funding is crucial
to outcompete rivals. It also shows that a competitor’s funding can affect the firm’s allocation
decisions. A key result is that a well-funded firm, which, if studied in isolation might have enough
resources to invest in all worthwhile projects, can be limited by its budget if competition is consid-
ered. The data on high-potential firms corroborate the theory. Funding, not absolute but relative
to competitors, is associated with securing a successful exit ahead of competitors. For example, a
$100 million increase in funding is associated with a 10% increase in the chances of securing an TPO
before competitors, which entails a twofold return in expected value. But funding dependencies
matter, and that gain may not be realized if a competitor also increases its budget by a similar
amount.

The paper contributes to the literature by describing the competitive environment high-growth
potential firms face (Hall|2010). The advent of scope, scale, and network economies, together with

scale-free resources, broad-applicability enabling technologies, and the internet, have given rise to
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‘winner-take-all’ niches where similar private firms compete for market dominance (Adner et al.
2019, |Giustiziero et al.[[2022)). This paper models winner-take-all competition, lays out explicit
assumptions (which are much advocated for in strategy research, see, e.g., Dushnitsky and Matusik
2019), and produces novel empirical hypotheses. The empirical results show that budget size
relative to competitors’ budgets is associated with firms winning the competition, which evidences
financial constraints for all firms, thereby complementing the literature that documents financial
constraints only for small firms (Evans and Jovanovic 1989, Hvide and Mgen| 2010). This paper
contributes to the literature on financial constraints by focusing on high-growth potential firms
instead of large and established (Fazzari et al.|[1987)) or small and young firms (Howell 2017, Conti
2018)). The focus on high-growth potential firms is warranted because a subset of today’s high-
growth firms will likely be the market leaders in the future. Finally, the paper contributes to the
resource allocation literature by studying how high-growth potential firms allocate their cash. The
literature focuses on resource re-deployment of established, often multi-unit firms, and the cost
and benefits of cash (Belenzon et al. 2019, Maritan and Lee| 2017, Karim and Capron|[2016} [Deb
et al. 2017, |Ahuja et al.|[2005, Helfat and Eisenhardt|2004)). This paper describes how competition
encourages productive investment and discourages waste, misallocation, or cash misappropriation
in private high-growth potential firms.

Managing funds in the face of competition is a key strategic activity for high-growth potential
firms’ managers. Once a firm has a proven product-market fit and clear distribution channels, the
firm attracts competition, “and sometimes competition represents a deadly threat” (Hoffman and
Yeh 2018:2). As high-growth potential firms are often in the process of scaling up after receiving
funding (Lee and Kim|[2022), they do so in a highly uncertain environment that exacerbates the
perils of competition. In practice, there are approaches that managers can pursue to ameliorate the
challenges that competition poses to success. First, identify competitors and their working capital
budgets. Rivals’ budgets convey useful information about the fierceness of future competition.
Competition is likely to be fierce if the firm’s budget is smaller than or similar to competitors’
budgets. However, larger budgets do not necessarily entail an advantage. If one’s budget is very
large relative to competitors’ budgets, the large budget can tempt managers to misuse or waste
funds. In such cases, a smaller budget could be more suitable to increase competitiveness and

reduce the margin for waste and misallocation. An important lesson is that the total funding a
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firm receives must be assessed relative to the budgets of all competitors vying for market dominance,
not in isolation.

The main limitations of this study are threefold. First, this study relies on cross-sectional
data on firms’ total cash. Firms are then connected to follow on performance. However, cash
allocation can be viewed as a dynamic process. Firms receive cash in stages (e.g., Series A, B,
etc.), and managers make strategic decisions monthly, quarterly, or yearly. This raises a question
for future research: to what extent does future firms’ competitiveness depend on the sequencing
of funding and investment? Second, the model does not consider the possibility that some firms
can acquire competitors. In practice, high-growth potential firms that have received hefty funding
could buy out their smaller competitors. At a basic level, acquiring a competitor enters as an
investment in the model, so in principle, the model in this paper captures that situation. However,
modeling what happens when a large-budget firm can acquire all competitors falls beyond the
scope of this paper and raises interesting questions about entrepreneurial strategy. For example, is
dominance guaranteed if a high-growth firm possesses such a large budget that it can gobble up all
its competitors? More generally, competition affects firms’ decisions nuancedly (see, e.g., [Bennett
et al. [2013], |[Luca and Zervas [2016). Third, by focusing on the consequences of budgets on firm
performance, this paper does not dwell on the organizational determinants of entrepreneur’s choices
(Wuebker et al.| 2023, Bennett and Chatterji 2023, |Agrawal et al.| 2021, |Gans et al.| 2019, Klein
2008)) that can support a disproportionate customer base growth. This paper documents variation
in budgets and significant associations between budgets and outcomes but does not explore the
antecedents to those budgets or those associations. Cash is a fungible resource that can be converted
into many possible configurations of strategic and non-strategic assets. Those configurations depend
on the characteristics of the founding team (Roach and Sauermann|2015| Wasserman![2017, Roche
et al. [2020) and the tightness of financial and labor markets (Chatterji et al.| 2016, |Starr et al.
2019, Bennett and Hall 2020)). Serial entrepreneurs, for example, may be less willing to waste or
appropriate cash given reputation concerns. Likewise, tight labor markets can constrain firms from
investing too much in payroll to attract talent. Future work can explore the role of antecedents to

high-growth potential firms’ allocation decisions under a winner-take-all competition.
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Tables

Table 1: Summary statistics

N Mean SD Median Min Max
Firm-level
variables
First to Exit 2174 0.37 0.48 0.34 0 1
Budget (in $100m) 2174 1.22 2.49 0.58 0.29 64.68
Funding rounds 2174 3.72 2.76 3 1 20
Made acquisitions 2174 0.25 0.44 0 0 1
Last funding year 2174 2011.56 7.25 2013 1986 2021
Revenue (range) 1288 $10-$50m <$1m  >$10b
# Employees (range) 2016 51-100 1-10  >10000
Al 2174 0.45 0.5 0 0 1
Biotechnology 2174 0.21 0.4 0 0 1
E-Commerce 2174 0.37 0.48 0 0 1
Financial Services 2174 0.16 0.36 0 0 1
Niche
variables
Total budget (in $100m) 803 3.30 4.74 1.746 0.61 71.28
Mean budget share 803 0.43 0.11 0.5 0.04 0.5
# Firms 803 2.71 1.74 2 2 23
Exit year (first exit) 803 2014.93 6.2 2017 1999 2021

Note: The table presents all the variables used in the empirical estimations.
Crunchbase and include all firms which Crunchbase recorded as receiving their last funding before the
first IPO or M&A in its niche. The variables are divided into two groups: firm level and niche level

variables. Firm level variables can be continuous or categorical.
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Table 2: Budget Share and First to Exit

Dependent variable: First to Exit
IPO or M&A M&A  TPO
(1) (2) (3) (4) (5) (6) (7)
Budget Share 0.63 0.63 0.61 0.56 0.47 0.34 0.79

(0.04) (0.04) (0.04) (0.04) (0.05) (0.06) (0.16)

Controls:
Country No Yes Yes Yes Yes Yes Yes
Time No No Yes Yes Yes Yes Yes
Sector No No No Yes Yes Yes Yes
Firm No No No No Yes Yes Yes
Observations (sample) 2174 2174 2174 2174 2174 1802 372

Observations per iteration 803 803 803 803 803 682 121
Mean R? across iterations.  0.09 0.10 0.10 0.10 0.20 0.20 0.68

Note: The table presents the estimates from regressing the indicator variable that records
whether the firm is the first to achieve a successful exit event (First to Exit) on the firm’s
budget over the sum of budgets of all the firms competing in the niche (Budget Share). The
estimation procedure is a stratified bootstrapping in which the distribution of the coefficients is
computed by randomly drawing one observation from each niche and running an ordinary least
squares regression over the drawn observations, re-sampling with replacement a thousand times.
The coefficient reported is the mean of the empirical distribution and the standard error reported
is the standard deviation of the empirical distribution. The set of controls is described in the
text. The table reports the mean R? computed over all thousand iterations.
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Table 3: Budget Share and First to Exit: Smallest Budget

Dependent variable: First to Exit
IPO or M&A M&A  IPO
Hm» @ B W 6B ©
Budget Share 0.64 0.64 0.63 0.61 0.51 0.39 0.78

(0.05) (0.05) (0.05) (0.05) (0.06) (0.07) (0.16)

Budget Share x Smallest Budget  0.35 0.35 0.35 0.29 0.34 0.36  -0.06
(0.05) (0.06) (0.06) (0.06) (0.06) (0.07) (0.28)

Controls:
Country No Yes Yes Yes Yes Yes Yes
Time No No Yes Yes Yes Yes Yes
Sector No No No Yes Yes Yes Yes
Firm No No No No Yes Yes Yes
Observations (sample) 2174 2174 2174 2174 2174 1802 372
Observations per iteration 803 803 803 803 803 682 121
Mean R? across iterations 0.11 0.11 0.11 0.11 0.21 0.21 0.70

Note: The table presents the estimates from regressing the indicator variable that records whether the
firm is the first to achieve a successful exit event (First to Exit) on the firm’s budget over the sum
of budgets of all the firms competing in the niche (Budget Share) and the interaction between Budget
Share and an indicator of whether the firm features the smallest budget in the niche. The estimation
procedure is a stratified bootstrapping in which the distribution of the coefficients is computed by
randomly drawing one observation from each niche and running an ordinary least squares regression
over the drawn observations, re-sampling with replacement a thousand times. The coefficient reported
is the mean of the empirical distribution and the standard error reported is the standard deviation of
the empirical distribution. The set of controls is described in the paper. The table reports the mean
R? computed over all thousand iterations.
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Table 4: Budget Share and First to Exit: Smallest Budget and Dispersion

Dependent variable: First to Exit
IPO or M&A M&A PO
L @ B @ (G
Budget Share 0.66 0.56 0.55 0.44 1.00 0.80

(0.05) (0.06) (0.07) (0.07) (0.08) (0.16)

Budget Share x Smallest Budget  0.26 0.26 0.32 0.29 -0.52 -0.23
(0.06) (0.06) (0.07) (0.07) (0.27) (0.42)

Budget Share x Smallest Budget  0.37 0.37 0.38 0.38 0.66 0.34

x High Dispersion (0.15) (0.14) (0.16) (0.15) (0.39) (0.56)
Controls:
Country No Yes No Yes No Yes
Time No Yes No Yes No Yes
Sector No Yes No Yes No Yes
Firm No Yes No Yes No Yes
Observations (sample) 2174 2174 1802 1802 372 372
Observations per iteration 803 803 682 682 121 121
Mean R? across iterations 0.11 0.22 0.08 0.22 0.36 0.71

Note: The table presents the estimates from regressing the indicator variable that records
whether the firm is the first to achieve a successful exit event (First to Ezit) on the firm’s
budget over the sum of budgets of all the firms competing in the niche (Budget Share), the
interaction between Budget Share and an indicator of whether the firm features the smallest
budget in the niche (Smallest Budget), and a triple interaction between Budget Share, Smallest
Budget, and an indicator of whether the niche presents more dispersion in terms of budgets
than the mean dispersion in the sample. The estimation procedure is a stratified bootstrapping
in which the distribution of the coefficients is computed by randomly drawing one observation
from each niche and running an ordinary least squares regression over the drawn observations,
re-sampling with replacement a thousand times. The coefficient reported is the mean of the
empirical distribution and the standard error reported is the standard deviation of the empirical
distribution. The set of controls is described in the text. The table reports the mean R?
computed over all thousand iterations.
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Table 5: Budget Share and First to Exit: Largest Budget

Dependent variable: First to Exit
IPO or M&A M&A IPO
LW @ @ 6 6
Budget Share 0.78 0.82 0.66 0.70 0.74 0.83

(0.10) (0.12) (0.12) (0.14) (0.36) (0.39)

Budget Share x Largest Budget -0.25 -0.22 -0.26 -0.23 0.04 0.32
(0.06) (0.06) (0.07) (0.06) (0.30) (0.36)

Budget Share x Largest Budget -0.08 -0.07 -0.38
x High Dispersion (0.08) (0.08) (0.32)
Controls:
Country Yes Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes Yes
Sector Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
Observations (sample) 2174 2174 1802 1802 372 372
Observations per iteration 803 803 682 682 121 121
Mean R? across iterations 0.21 0.21 0.21 0.21 0.70 0.71

Note: The table presents the estimates from regressing the indicator variable that records
whether the firm is the first to achieve a successful exit event (First to Erxit) on the firm’s
budget over the sum of budgets of all the firms competing in the niche (Budget Share),
the interaction between Budget Share and an indicator of whether the firm features the
largest budget in the niche (Largest Budget), and a triple interaction between Budget Share,
Largest Budget, and an indicator of whether the niche presents more dispersion in terms of
budgets than the mean dispersion in the sample. The estimation procedure is a stratified
bootstrapping in which the distribution of the coefficients is computed by randomly drawing
one observation from each niche and running an ordinary least squares regression over the
drawn observations, re-sampling with replacement a thousand times. The coefficient reported
is the mean of the empirical distribution and the standard error reported is the standard
deviation of the empirical distribution. The set of controls is described in the paper. The table
also reports the total number of observations in the sample and the number of observations
per iteration. Finally, the table reports the mean R? computed over all thousand iterations.
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Table 6: Competitors’ budgets and First to Exit

Dependent variable: First to Exit
IPO or M&A M&A IPO

(1) (2) (3) (4) (5) (6) (7)

Competitors’ budgets (sum)  -0.02 -0.02 -0.02  -0.016 -0.016 -0.022 -0.021

in $100m (0.006) (0.006) (0.006) (0.009) (0.009) (0.007) (0.007)
Firm’s budget 0.007 0.001 -0.006
(0.008) (0.011) (0.02)
Controls:
Country No Yes Yes Yes Yes Yes Yes
Time No Yes Yes Yes Yes Yes Yes
Sector No Yes Yes Yes Yes Yes Yes
Firm No Yes Yes Yes Yes Yes Yes
Observations (sample) 2174 2174 2174 1802 1802 372 372
Observations per iteration 803 803 803 682 682 121 121
Mean R? across iterations 0.04 0.18 0.19 0.19 0.19 0.65 0.66

Note: The table presents the estimates from regressing the indicator variable that records whether the
firm is the first to achieve a successful exit event (First to Exit) on the sum of competitors’ budgets. The
estimation procedure is a stratified bootstrapping in which the distribution of the coefficients is computed
by randomly drawing one observation from each niche and running an ordinary least squares regression
over the drawn observations, re-sampling with replacement a thousand times. The coefficient reported is
the mean of the empirical distribution and the standard error reported is the standard deviation of the
empirical distribution. The set of controls is described in the text. The number of observations does not
vary when including revenue and # of employees as controls (in ranges) because they are indicator variables,
with one variable indicating if the firm has missing values. The table reports the mean R? computed over
all thousand iterations.
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Table 7: Budget and Exit

Dependent variable: Exit First to Exit
All M&A IPO All M&A IPO
(1) (2) (3) (4) (5) (6) (7) (8)
Total Budget 0.004 -0.005 -0.01 -0.005 0.01 0.003 -0.007  -0.001
in $100m (0.004) (0.005) (0.007) (0.009) (0.004) (0.006) (0.007) (0.009)
Controls:
Country No Yes Yes Yes No Yes Yes Yes
Time No Yes Yes Yes No Yes Yes Yes
Sector No Yes Yes Yes No Yes Yes Yes
Firm No Yes Yes Yes No Yes Yes Yes
Observations 2174 2174 1802 372 2174 2174 1802 372
R? 0.0004 0.25 0.25 0.42 0.004 0.11 0.11 0.39

Note: Columns (1) and (2) in the table present the estimates from regressing the indicator variable that
records whether the firm achieves a successful exit event (Fzit) on the total budget of the firm in $100 million
USD. Columns (3) and (4) present the same regression but now the dependent variable is an indicator for
whether the firm exited before competitors in the niche (First to Ezit). The set of controls are: Country
(U.S., UK., Canada, Israel, Australia, Ireland, and New Zealand), Time (indicator variables corresponding
to the year in which a firm received the last round of funding and the exit year of the firm that exits first),
Sector (Artificial Intelligence, Biotechnology, E-Commerce, and Financial Services), Firm (number of funding
rounds, number of acquisitions, number of employees, and revenue).
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Table 8: Change in probability by a discrete increase in budget

Niches Change in probability
if budget increases by:
$10 million  $50 million  $100 million  $250 million

All

Firm’s budget 803 0.01 0.04 0.07 0.11
(0.002) (0.008) (0.01) (0.02)

Competitor’s budget 803 -0.01 -0.04 -0.06 -0.10
(0.002) (0.007) (0.01) (0.01)

Additional competitor 803 -0.08 -0.13 -0.15 -0.18
(0.008) (0.001) (0.002) (0.008)

M&A

Firm’s budget 682 0.005 0.02 0.03 0.05
(0.003) (0.01) (0.02) (0.03)

Competitor’s budget 682 -0.004 -0.02 -0.02 -0.04
(0.002) (0.009) (0.01) (0.02)

Additional competitor 682 -0.11 -0.13 -0.14 -0.15
(0.01) (0.001) (0.003) (0.009)

PO

Firm’s budget 121 0.01 0.06 0.1 0.17
(0.001) (0.006) (0.01) (0.02)

Competitor’s budget 121 -0.02 -0.08 -0.13 -0.22
(0.001) (0.007) (0.01) (0.03)

Additional competitor 121 -0.02 -0.08 -0.13 -0.22
(0.006) (0.008) (0.003) (0.01)

Note: The table presents comparative static exercises using the estimates from a structural model
using as likelihood function Equation Standard errors in parentheses are computed using the
Delta method.
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Online Appendix
A Proofs

Proposition

Proof. Consider first the case in which b; is very low relative to by. Given that v is very high,
firm 1 would like to spend beyond its budget, so chooses 1 = b;. Firm 2 does not need to spend
the whole budget to compete, it can choose an interior spending amount that equals marginal
expected benefit and cost. Such amount is x2 = +/b1v — b1. Thus the probability firm 1 exits first
is p1 = \/b1/v. Re-arranging this expression to include s; yields

b1
P = —
v
_ (b1 + 52)
(b1 + ba) by
_ b2
- 1—sy v’

where the last line uses the fact that 1 — s; = by/(b1 + b2). This establishes the probability of
success in item 1. To compute the domain note that firm 2’s condition for interior spending is that
the marginal expected benefit is less than the marginal cost at the budget, that is

s1(1— 81);)—2 <1 (3)

The roots of the implied equality yields the upper bound in item 1 imply the upper bound: s; <
(1/2)(1 — y/1 — 4by/v). The lower bound is zero because b; > 0.

Item 2 captures the fact that both firms’ budget constraints are binding. The marginal condition
for firm 1 is

(1—81) b72>1 (4)

and the condition for firm 2 is the complement of Condition [3] When b; < b2, The complement
of Condition [3| holds hence the lower bound in item 2. When b; > b2, Condition [4] holds resulting
in 1 < 1 — \/be/v after re-arranging. The probability of exiting first in this case is given by
p1 = b1/(b1 + b2) because both firms spend their entire budgets.

Item 3 in the proposition holds when firm 1 spends an interior amount. The complement to
Condition [3| holds. That is, s > 1 — \/ba/v which establishes the domain. The probability of first
exiting comes from the marginal condition of firm 1, which entails firm 1 choosing z1 = v/bav — bo.

Using this fact, p1 = 1 — /b2 /v. O
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B Multinomial logit

Figure shows the probability of exiting before competitors through M&A (left) and through
IPO (right). In both panels, the relationship between budget share and probability is increasing.
For each given value of the budget share, firms are more likely to M&A than IPO. However, the
marginal effect (the slope) is somewhat constant in the M&A case, whereas the slope slightly
increases in the IPO case. The coefficients on budget share from the multinomial logit are 2.52 (s.e.
0.20) for the M&A outcome and 4.67 (s.e. 0.64) for the IPO outcome. A chi-squared test rejects
the null of equality between these coefficients, p-value = 0.0013.

Exit: M&A Exit: [IPO
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Budget share (budget over sum of budgets in the niche) Budget share (budget over sum of budgets in the niche)

Figure Al: Probability of exit before competitors.
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The multinomial model allows us to conduct an analysis of finer partitions of the data. One
that is particularly relevant is whether the association between budget shares and exit is different
for Al niches compared to other niches, and for Biotechnology niches compared to other niches.

Figures shows that the difference in probabilities of M&A exit before competitors for Al vs
non-Al niches is negligible at any given level of budget share. The same holds for the difference in
probabilities of IPO exit, see Figure

Exit: M&A Difference Pr(M&A): Al vs. non-Al niches
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Figure A2: Probability of M&A before competitors, Al niches.
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Figure A3: Probability of IPO before competitors, Al niches.
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Something similar occurs in the Biotechnology sector. Figures [A4] shows that the difference
in probabilities of M&A exit before competitors for biotechnology vs non-Biotechnology niches is
negligible at any given level of budget share. The same holds for the difference in probabilities of
IPO exit, see Figure

Exit: M&A Difference Pr(M&A): Biotech vs. non-Biotech niches
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Figure A4: Probability of M&A before competitors, biotechnology niches.
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Figure A5: Probability of IPO before competitors, biotechnology niches.
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C Endogeneity

Including a rich set of controls ameliorates the concern about the lack of exogenous variation in
budgets but does not eliminate it. I use variables that arguably provide exogenous variation to the
budget share to further address potential omitted variable issues. I group these variables into four
sets: 1) opportunity cost of capital, 2) expectations, 3) volatility, and 4) hype. To the extent the
size of funding depends on these variables and these variables are exogenous to exiting, they allow
for identification of the main effects in the reduced form analysis in this paper. I use a two-stage
least square procedure.

Opportunity cost variables explaining the budget share come from the Nasdaq and Willshire
5000 returns in the first stage. Nasdaq and Willshare returns should provide a measure of market
expected returns, which correlate with the required investment returns according to standard capital
asset pricing models. To account for variation in economic expectations, I include the spread
between the 10-year and the 2-Year Treasury Constant Maturity bonds, and the spread between
10-Year and 3-months Treasury Constant Maturity bonds, to account for reversals in the yield
curve (negative values of the yield curve have preceded economic recessions). Data etrieved from
FRED St. Louis Federal Reserve, February 6, 2023. Volatility is captured by the VIX index and
standard deviation of the Nasdaq and Willshire 5000 market indexes. Finally, I measure hype as
the number of exits and total funding accounted by Crunchbase at the date of the last funding and
30, 60, 90, and 180 days prior to the date of the last funding. I compute all these indicators at the
last funding date and lagged 30, 60, 90, and 180 days. I also include the full set of controls as in
the first and second stages of the two-stage least square model. The estimation procedure is also
bootstrapping with random replacement at the niche level.

Online Appendix Table[AT]shows the second stage estimates for the whole sample. Three general
results stand out. First, the coefficient on Budget Share is positive and significant at conventional
levels. Moreover, the coefficient is larger than in the ordinary least squares specifications above,
corroborating that budget shares matter. Second, the signs of interaction effects are consistent
with the signs in the main results from the OLS, except for the sign of the budget share of the
largest-budget firm in the niche with high dispersion in budget shares. In that case, the coefficient
is positive but imprecisely estimated. Some evidence of a ‘leap-frogging effect’ in columns (2) and
(3) remains, although weaker than the OLS estimates. The coefficients are larger but less precisely
estimated. That is, the firms with the smallest budgets see that their budgets matter more in
securing an early exit than for the rest of the firms in the niche. The coefficients in columns (4) and
(5) reflect that result. Firms with the largest budget in their corresponding niches see a smaller
effect of their budget shares on exiting than firms with smaller budgets. However, the difference
is not significant at conventional levels, i.e., the coefficient on the interaction Budget Share and
Largest Budget is negative, but the standard error is relatively large. The third result relates to
the size of the standard errors. They are about one order of magnitude larger than in the OLS
estimations. These estimates suggest a lack of power in estimating due perhaps to a small sample
size relative to the parametric assumptions of the model.
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Table Al: Two-stage Least Squares: Budget Share and First to Exit (whole sample)

Dependent variable: First to Exit
(1) (2) (3) (4) (5)
Budget Share 0.75 0.84 0.87 1.57 1.51

(0.25) (0.25) (0.28) (0.53) (0.59)

Budget Share x Smallest Budget 0.79 0.75
(0.36) (0.40)

Budget Share x Smallest Budget 0.21

x High Dispersion (0.74)

Budget Share x Largest Budget -0.68 -0.74
(0.40) (0.43)

Budget Share x Largest Budget 0.12

x High Dispersion (0.38)

Observations (sample) 2174 2174 2174 2174 2174

Observations per iteration [min,max| [802,803] [802,803] [802,803] [802,803] [802,303]

Mean R? across iterations 0.18 0.16 0.15 0.16 0.14

Note: The table shows estimates from Two-stage Least Square model estimates, where the second stage
models First to Exit in any niche (first exit M&A or IPO) as a function of the instrumented Budget Share
and the first stage models Budget Share as a function of a set of variables grouped by: The opportunity
cost of cash variables (Nasdaq and Willshare returns), Economic expectations (spread between the 10-
year and the 2-Year Treasury Constant Maturity bonds, and the spread between 10-Year and 3-months
Treasury Constant Maturity bonds), Volatility (VIX index and standard deviation of the Nasdaq and
Willshire 5000 market indexes), and Hype (number of exits and total funding accounted by Crunchbase
at the date of the last funding and 30, 60, 90, and 180 days before the date of the last funding). All these
indicators are computed at the last funding date and lagged 30, 60, 90, and 180 days. The estimations
also include the full set of controls described in the paper. The table also reports the total number of
observations in the sample and the number of observations per iteration. Observations per iteration may
vary due to the exclusion of observations without data on a control variable. Finally, the table reports
the mean R? computed over all thousand iterations.

Online Appendix Tables and show the Two-stage Least Square estimations over the
sample of niches where the first exit is a M&A and an IPO, respectively. The results there largely
mimic the OLS results in the paper and emphasize the importance of budget shares in explaining
the first IPO exit in a niche.
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Table A2: Two-stage Least Squares: Budget Share and First to Exit (M&A niches)

Dependent variable: First to Exit
(1) (2) (3) (4) (5)
Budget Share 0.46 0.56 0.60 1.21 1.20

(0.30) (0.30) (0.33) (0.57) (0.62)

Budget Share x Smallest Budget 0.77 0.70
(0.36) (0.38)

Budget Share x Smallest Budget 0.35

x High Dispersion (0.71)

Budget Share x Largest Budget -0.61 -0.62
(0.38) (0.42)

Budget Share x Largest Budget 0.01

x High Dispersion (0.39)

Observations (sample) 1802 1802 1802 1802 1802

Observations per iteration [min,max| [681,682] [681,682] [681,682] [681,682] [681,682]

Mean R? across iterations 0.18 0.17 0.16 0.17 0.15

Note: The table shows estimates from Two-stage Least Square model estimates, where the second stage
models First to Ezit in niches where the first exit is a M&A as a function of the instrumented Budget Share;
and the first stage models Budget Share as a function of a set of variables grouped by: The opportunity
cost of cash variables (Nasdaq and Willshare returns), Economic expectations (spread between the 10-
year and the 2-Year Treasury Constant Maturity bonds, and the spread between 10-Year and 3-months
Treasury Constant Maturity bonds), Volatility (VIX index and standard deviation of the Nasdaq and
Willshire 5000 market indexes), and Hype (number of exits and total funding accounted by Crunchbase
at the date of the last funding and 30, 60, 90, and 180 days before the date of the last funding). All these
indicators are computed at the last funding date and lagged 30, 60, 90, and 180 days. The estimations
also include the full set of controls described in the paper. The table also reports the total number of
observations in the sample and the number of observations per iteration. Observations per iteration may
vary due to the exclusion of observations without data on a control variable. Finally, the table reports
the mean R? computed over all thousand iterations.
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Table A3: Two-stage Least Squares: Budget Share and First to Exit (IPO niches)

Dependent variable: First to Exit
(1) (2) (3) (4) (5)
Budget Share 0.80 0.80 0.82 0.75 0.84

(0.16)  (0.17)  (0.17)  (0.38)  (0.41)

Budget Share x Smallest Budget -0.06 -0.23
(0.30) (0.43)

Budget Share x Smallest Budget 0.34

x High Dispersion (0.58)

Budget Share x Largest Budget 0.05 0.32
(0.32) (0.39)

Budget Share x Largest Budget -0.37

x High Dispersion (0.34)

Observations (sample) 372 372 372 372 372

Observations per iteration [min,max| [121,121] [121,121] [121,121] [121,121] [121,121]

Mean R? across iterations 0.69 0.70 0.70 0.70 0.71

Note: The table shows estimates from Two-stage Least Square model estimates, where the second stage
models First to Fxit in niches where the first exit is a M&A as a function of the instrumented Budget Share
and the first stage models Budget Share as a function of a set of variables grouped by: The opportunity
cost of cash variables (Nasdaq and Willshare returns), Economic expectations (spread between the 10-
year and the 2-Year Treasury Constant Maturity bonds, and the spread between 10-Year and 3-months
Treasury Constant Maturity bonds), Volatility (VIX index and standard deviation of the Nasdaq and
Willshire 5000 market indexes), and Hype (number of exits and total funding accounted by Crunchbase
at the date of the last funding and 30, 60, 90, and 180 days before the date of the last funding). All these
indicators are computed at the last funding date and lagged 30, 60, 90, and 180 days. The estimations
also include the full set of controls described in the paper. The table also reports the total number of
observations in the sample and the number of observations per iteration. Observations per iteration may
vary due to the exclusion of observations without data on a control variable. Finally, the table reports
the mean R? computed over all thousand iterations.

46



D Empirical distribution of valuations

Predicted valuations using Heckman (1979)
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Figure A6: Predicted valuations for firms that exit through IPO before competitors and those that

do not.
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Additional tables

Table A4: Summary statistics: niches where first exit is IPO

N Mean SD Median Min Max
Firm-level
variables
First to exit 372 0.3253 0.4691 0 0 1
Budget (in $100m) 372 2.147 3.3744 0.9631 0.2902  24.7182
Funding rounds 372 4.5108 3.4901 4 1 20
Made acquisitions 372 0.2876 0.4533 0 0 1
Last funding year 372 2017.5995 4.5163 2019 1994 2021
Revenue (range) 296 $10m-$50m  <$1m  $1b-$10b
# Employees (range) 364 101-250 1-10 >10000
Al 372 0.4704 0.4998 0 0 1
Biotechnology 372 0.2876 0.4533 0 0 1
E-commerce 372 0.2312 0.4222 0 0 1
Financial Services 372 0.1962 0.3977 0 0 1
Niche
variables
Total budgets (in $100m) 121 6.601 6.542 3.849 .6629 26.36
Mean budget share 121 0.4089 0.1289 0.5 0.05263 0.5
# Firms 121 3.074 2.494 2 2 19
Exit year (first exit) 121 2020 2.642 2021 2008 2021

Note: The table presents all the variables used in the empirical estimations in a niche where the first exit is an
IPO. The variables are divided into two groups: firm level and niche level variables. Firm level variables can be
continuous or categorical.
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Table A5: Summary statistics: niches where first exit is M&A

N Mean SD Median Min Max
Firm-level
variables
First to exit 1802 0.3785 0.4851 0 0 1
Budget (in $100m) 1802 1.0266 2.2154 0.55 0.2905 64.6829
Funding rounds 1802 3.5616 2.5503 3 1 16
Made acquisitions 1802 0.2475 0.4317 0 0 1
Last funding year 1802 2010.3174 7.0829 2011 1986 2021
Revenue (range) 992 $10m-350m  <$1m  >$10b
# Employees (range) 1652 51-100 1-10  >10000
Al 1802 0.4456 0.4972 0 0 1
Biotechnology 1802 0.192 0.394 0 0 1
E-Commerce 1802 0.3935 0.4887 0 0 1
Financial Services 1802 0.1493 0.3565 0 0 1
Niche
variables
Total budget (in $100m) 682 2.712 4.076 1.547 0.61 71.28
Mean budget share 682 0.4318 0.111 0.5 0.04348 0.5
# Firms 682 2.642 1.557 2 2 23
Exit year (first exit) 682 2014 6.283 2016 1999 2021

Note: The table presents all the variables used in the empirical estimations for firms in a niche where the first
exit is a M&A. The variables are divided into two groups: firm level and niche level variables. Firm level variables
can be continuous or categorical.
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E Estimating the v parameter

Two difficulties in estimating the v parameter must be overcome. The theoretical difficulty is that
the parameter « affects firms’ incentives. However, I show in Online Appendix [F] that the main
theoretical results about the asymmetric behavior of small- and large-budget firms in the two-firm
case remain in the more general case of v € (0, 1] and for an arbitrary number of firms. In particular,
there is a threshold level of investment such that firms with budgets below that threshold invest
the whole budget while firms with budgets above the threshold do not. The asymmetric behavior
of small- and large-budget that underpins the empirical hypotheses in this paper remains in the
more general case.

The empirical difficulty pertains to the actual value of v in Equation [2] If one takes the model
at face value, v can be estimated using maximum likelihood. The nature of the problem entails a
simple likelihood function: the product of the probability of first securing an exit in each niche.
In addition, if one is willing to assume that the value v in each niche is so large that all firms are
budget constrained (as the results above suggest)ﬂ the log-likelihood function becomes

N

l= Z In(py) (5)

n=1

where p, = pn(7; b1, b2, ..., bk, ) is the probability that a firm exits first in niche n with K, firms in
Equation [2 The probability p,, is in turn a function of the parameter v and the observed profile
of budgets in niche n, b, = (b1, bs, ...,bk, ). The proof that the parameter v that maximizes the
log-likelihood function is unique given b = {b, }" is in Online Appendix

21Precisely, v large enough means that v is greater than a cutoff T given in the Online Appendix Equation
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F General model, n > 2 firms and v € (0, 1]

The model in the paper conveys the main relationship between budgets, firm behavior, and out-
comes. However, it lacks two elements of the real world. The first element is that competition often
occurs in industry niches that comprise more than two firms. Given that the behavior of firms de-
pends not only on their own budget but also on the competitor’s budget, additional firms can
alter the results. The second element is the productivity of one dollar. The model so far assumes
that one dollar translates into one ‘lottery ticket.” The productivity of investment is ultimately an
empirical question, but in theory, we at least want to consider the case in which the conversion
from money to the chances of achieving industry dominance is more nuanced. On one extreme, if
money does not matter in building a competitive position, firms would spend zero on hiring, R&D,
experimentation, etc. On the other extreme, if the budget is all that matters to win, then firms
featuring the largest budget in each industry would win for sure. None of these situations occurs
in reality, but something in between.

I describe the workings and intuition of the more general model that includes an arbitrary
number of firms and cash’s productivity parameters. This more general version of the model
provides the theoretical underpinning for the structural estimation exercise in section

Consider n > 2 risk-neutral firms in a niche. A niche is a set of firms that customers perceive
to satisfy the same needs. Each firm ¢ = 1,...,n invests z; > 0 of its budget b; > 0 to exit
before its competitors. Any unspent amount b; — x; is consumed. Examples of x; are investing
in research and development, securing distribution networks, paying salary overheads to attract
talent, or lobbying; anything that improves the competitive position of the firm. The residual
b; — x; represents anything that gives consumption value to the entrepreneur but does not help the
firm capture value. The value to be captured is v and each firm’s budget b; are parameters of the
model and common knowledge. Each entrepreneur chooses x; to maximize 7; = b; — x; + p(z;, Y)v
subject to 0 < x; < b; where

)

LY) = 6

if at least one expenditure is strictly positive and zero otherwise, and Y = >}’ i :Ez The parameter
~v € (0,1) is crucial as it captures the extent to which investments improve the chances of exit.
The success function in equation [ comes from the literature on rent-seeking, and it is commonly
called Tullock’s contest success function (Tullock [1980). Two elements in Equation |§| are worth
highlighting. The first element is the investments’ decreasing returns to scale. When ~ is close
to zero, investments have a small effect on the chances of exiting. When v is equal to one, it
represents constant returns in which each dollar invested buys a “lottery ticket.” In principle, v can
be arbitrarily large as well. In the extreme that v is very large, investments matter significantly. In
the limit, that means that the firm with the largest expenditure exits before the others for sure. But
having the largest budget does not necessarily entail exit in our context. Thus, the assumption that
v € (0,1) serves our modeling purposes. The second element is that the probability specification
describes the effect of expenditure on the probability of success, but it does not describe how
the expenditure by one firm could undermine the chances of another. The model is silent on the
mechanism because I am interested in the role of budgets in competition.

F.1 Theoretical Results

Each entrepreneur 4 chooses x; to maximize the expected net present value of the firm, which is
given by m= b; — x; + pv. The first two terms in the expression represent consumption today
(budget minus costs), and the third term expected value of securing a successful exit first in the
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future. I assume no time discounting for simplicity. Firms cannot expend more than their budget,
so the budget constraint is 0 < x; < b;. I use the Nash equilibrium concept to analyze this game.
That is, it is common knowledge that each firm does its best given that everyone else is doing the
same. Budgets are indexed from highest to lowest, by > by > ... > b,, without loss of generality.

Lemma 1. No firm invests zero.

Proof of Lemma [l The problem of the entrepreneur is to choose expenditure z = x; that
maximizes m;(x) = bj—x+p(z, Y )v subject to 0 < z < b;. m; is a concave function featuring a unique
positive maximum if expenditure z; is unconstrained [Pérez-Castrillo and Verdier|[1992| [Szidarovszky
and Okuguchi 1997, Konrad et al.[[2009 p. 43-54). If x; is constrained, however, the maximum point
could also be either zero or b;. Given that the budget and non-negativity constraints are linear,
the analysis without invoking Kuhn-Tucker conditions by comparing marginal costs and benefits
directly seems more informative. Let us index firms from largest budget to lowest, by > by > ... > b,
and focus on the investments of firm 1. Defining Y =5, , va the marginal benefit net of cost of

y—1
= oy !

To show that no firm invests zero, we can simply look at the first-order conditions. The optimal
expense z depends on whether 7] is negative, zero, or positive.

If 7} is negative, then the optimal expenditure z; = 0. But 21 = 0 cannot best respond to the
investments of all the other firms. If all other firms expend Y = 0, then a small expenditure by
firm ¢ will secure v. If Y > 0 the marginal benefit of firm 1 at x; = 0 is infinite because v < 1.
Thus, z1 = 0 cannot be part of an equilibrium. The same holds for any firm.

If © equals zero, then z; is strictly positive and implicitly given by 1 7 (z] + Y)2/(vY)= v.
Given the budget constraint, 7} is zero if and only if v< b%_v(bY +Y)2/(vY).

If 7| is positive, then 1 = by. ) is positive if and only if v> by 7 (b] + Y)2/(7Y).

By extending the argument above to any firm, each firm’s best responses feature positive invest-
ments. Whether those investments are interior depends on cutoffs determined by the parameters
of the game.

O

Competition disciplines entrepreneurs to invest some of the money raised. In other words, no
entrepreneur uses the whole budget in luxury or unnecessary investments. But nothing precludes
that, in some cases, those positive investments are nominal. Lemma [I] entails that agency problems
between investors and firms can be somewhat alleviated if winner-take-all competition takes place.
Lemma [1I} however, does not say anything about whether large-budget firms invest more or less
than small-budget ones. The next results characterize those investments.

choosing x is 7} (x)

Lemma 2. Investments are a weakly increasing function of budgets, that is, x1 > xo > ... > Tp.

Proof of Lemma Let us assume otherwise. Take a pair of firms, say 1 and 2, and assume
that 1 < 9. In that case, x1 must be strictly less than its budget b; because x2 < by and bo < by.
The optimal expenditure by firm 1 must satisfy

vzl Nz + % o)
(2] +Y)?

i (z1) = v—1=0

and by firm 2

-1
_yry (@ Y5 ))

ma(r2) (z] +Y)?

v—12>0
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which holds if and only if vz " (z] + Ssa))>ya] Y+ 300 ). This last inequality, however,
does not hold if z1 < x9 because

1 < X9

v—1 v—1

n n

—1 -1

— yz] (2] + Z xl) >yxy (x] + Zwl)
3 3

where the first step uses the fact that v < 1, the second step uses again the assumption that x1 < xo
and that zero investments are not part of an equilibrium. It must be then that z; > z5. The same
argument applies to any other pair of firms.

[ The monotonicity of investments in relation to budgets in Lemma [2]is a useful result because
it allows us to infer something about unobservable investments by looking at observable budgets.
In particular, firms that raise more money also spend more. However, there is a crucial difference
between large-budget firms and the rest. Firms with large budgets devote some of their budgets to
consumption while the rest invest it all.

Proposition 2. There exists an equilibrium that features a cutoff x* such that firms with budgets
strictly greater than x* invest x* and firms with budgets less than or equal to x* invest their entire
budget. That equilibrium is unique.

Proof of Proposition 2] The proof of this proposition takes two steps and complements the
proof in |Che and Gale, (1997)) in that it considers v € (0, 1) instead of v = 1.

The first step shows that in any equilibrium there exists a cutoff * such that firms with budgets
strictly greater than x* expend z* and firms with budgets less than or equal to x* expend their
entire budget. The main argument in the proof of this first step is that if a firm expends its
entire budget optimally, firms with lower budgets also expend theirs entirely. Let us proceed by
contradiction. Assume that firm 1 expends its budget, 1 = by but firm 2 expends xy < by (recall
I have indexed firms in decreasing order according to their budgets, in particular b > by). The
optimal expenditure by firm 1 must satisfy

—1
oD > AR

™ 5 5 —1>0
(z] +Y)
and firm 2
() = YTy~ (551 "‘23 xk) _1=0

(551 + Y)

for this to hold, it must be that va] ™' (] + Yonal) > vz Y27 + > % ) which holds if and only
if o > x1, which contradicts z1 = b1 and xo < bs. Thus, firm 1 expending the whole budget and
firm 2 not doing so cannot occur in equilibrium. Note the selection of firm 1 and firm 2 is arbitrary.
The same argument applies to any two pair of firms, in particular firm ¢ — 1 and firm 1.

If x;_1 = b;—1 and x; < b; cannot occur in equilibrium then either of the following three cases
can happen: 1) both firms spend less than their budgets, 2) both spend all their budgets, or 3)
firm ¢ — 1 expends less than its budget and firm ¢ expends all its budget.

Importantly, when both firms expend less than each of their budgets (case 1), they expend
the same amount z* due to the symmetry of the unconstrained problem, see (Pérez-Castrillo and
Verdier| 1992 p. 340 Lemma 1). In other words, the first order conditions are the same for these
firms. This proves the first part of the Lemma. The second part follows from the fact that the
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existence of z* entails the existence of a firm ¢* such that firms ¢ with smaller budgets, i > 7*,
expend their entire budgets (case 2). The positive net marginal benefit at their budgets explain
this latter result. Note that firm ¢* satisfies b;x < x* < byx_1.

The second step in the proof is uniqueness, and uses the cutoff result from the first step as well
as Lemma [1l and Lemma 2

Consider first the case of n = 2. There are four cases of potential equilibria to consider depending
on v and v: 1) each firm’s expenditure is an interior solution, 3) both firms expend all their budgets
and 3) x1 < by and z9 = by. Lemma 2 rules out an equilibrium in which 1 = b; and z2 < by (firm
2 can profitable deviate by expending slightly more). Cases involving zero expenditure by at least
one firm are ruled out by Lemma [T

Uniqueness in case 1 is direct due to concavity of m; and symmetry, see for example, Proposition
4 in Pérez-Castrillo and Verdier (1992) p. 341.

Uniqueness in case 2: If the equilibrium entails x1 = b; and xzo = b then it is unique. Let us
assume otherwise and consider first another equilibrium in which at least one firm expends strictly
less than its budget, say firm 1. Such case cannot be part of an equilibrium because 7] > 0, so firm
1 would improve its expected payoff by expending an additional small amount. The same holds for
firm 2.

Consider now that the other potential equilibrium entails 7 < b and xo < by. Such an
equilibrium is supported if and only if

y—=1.7
mh(x9) = LQTIQU —-1=0
(] + 25)

otherwise the interior equilibrium would not be so because it would allow for unilateral deviations.
Concavity over zo implies 7 is strictly decreasing in x9 and Lemma 2] implies that 7/ is weakly
decreasing in z; (because z1 > x2). Thus,
=11y
mh(xe) = 76271)127) -1<0
(b7 +b3)
which contradicts z1 = b1 and z9 = by being part of an equilibrium.

Uniqueness in case 3: If the equilibrium features ;1 < b; and x5 = by any other candidate for
equilibrium featuring xo < bs calls for a unilateral deviation by firm 2: If firm 2 expends slightly
more would still not violate 75 > 0 (because xa = bg is part of an equilibrium) but would improve
firm’s 2 expected payoff. Likewise, the uniqueness of the optimum expenditure when the solution
is interior, i.e. x1 = x* by step 1 in this proof, precludes another equilibrium featuring x; = by
when z9 = by because x1 = b; would yield a negative marginal benefit for firm 1.

Uniqueness when there are n > 2 for the case in which all firms are unconstrained (expend the
same amount) and for the case in which all firms are constrained (and expend their entire budgets)
are straightforward extensions of the analysis for two firms’ cases 1) and 2) above, respectively.
Uniqueness when there are n > 2 firms and the equilibrium involves unconstrained and constrained
firms can be proven as follows.

Let us assume there are two equilibria. In each equilibrium there is a critical firm by step 1 in
this proof. A critical firm ¢* is one such that all firms with i < i* expend the same amount and all
1 > i* expend their budgets. All the firms that expend less than their budgets choose z* and that
x* satisfies bj» < 2* < bj«_1. I denote i* and 4’ the critical firm in each equilibrium and z* and 2’
the corresponding equilibrium expenditures of the unconstrained firms. I assume without loss of
generality that i > i*.
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Note that by < 2’ < by_1. Because ¢ > 1*, by_1 < b+ hence 2’ < z*. Thus, all unconstrained
firms in the ¢* equilibrium expend strictly more in the i* equilibrium than in the ' equilibrium.
Firms that are constrained in ¢* but unconstrained in 7’ expend more in the ¢* equilibrium than
in the 7/ equilibrium because they use their entire budgets in the i* equilibrium but they expend
2’ < by_1 in the 7' equilibrium. All the remaining firms are constrained in both equilibria so
they expend their budgets. Thus, for each firm, rivals’ combined efforts are weakly higher in the
+* equilibrium than in the 7/ equilibrium. ‘Weakly higher’ because it may be the case that z*
and x’ are both greater than by, in which case both equilibria feature the same rivals’ combined
expenditures; the same holds if z* and 2’ are both smaller than b,,.

Consider firm 7 — 1 and denote Y’ the effective combined expenditures firm 7" — 1 faces from
competitors, Y =370, z} in the ¢’ equilibrium. In the i’ equilibrium, firm ¢'—1 is unconstrained
and its expenditure is given by

,Yxl'yflyl

Ty (a') = WU —1=0.

Simple implicit differentiation show that 9x’'/90Y’ < 0 if and only if Y > 2/7, given v and v that
are consistent with this equilibrium and with the 7* equilibrium. Y’ > 2’7 comes from the fact that
x’ equals the expenditures of all unconstrained firms, particularly firm 1, and that all firms expend
strictly positive amounts. Thus, firm 7/ — 1 expends weakly more in the ¢/ equilibrium than in the
i* equilibrium (recall other firms’ expenditures are weakly higher in the i*equilibrium), or 2’ > z*,
which is a contradiction. The equilibrium must be unique.

O

Proposition [2| uniqueness result is key to the structural estimation in section [7|in the paper. Propo-
sition |2 also generalizes the idea in Figure [I] in the paper. There are two sets of firms: those that
invest their entire budgets and those that consume. However, using the monotonicity result in
Lemma [2], there exists a value ¥ such that if v > v all firms invest their entire budgets. The cutoff

value is given by
2
(Xk=1 b2)

7b¥_1 D k2 bZ ’
which comes from the condition that the marginal benefit of the firm with the largest budget, by,
is greater than 1. This result leads to the general version of Hypothesis 1 in the paper and the
likelihood function in section [7l

When the cutoff * < b1, at least one firm consumes. The rest of the hypotheses in the paper
emerge from this fact, except hypotheses 2a and 2b. Hypotheses 2a and 2b require that the marginal
benefit at zero for the smallest-budget firm is unbounded, which follows directly from the expression
of the marginal benefit of the smallest-budget firm in equilibrium

(7)

v =

oAby (ST - bY)

— 00

as b, — 0.
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G Proof that log-likelihood has a unique maximum point (identi-
fication)

To prove there is a unique value of parameter v that maximizes the log-likelihood function given

by
N
l= Zln(pn).
n=1

where p,, is a function of the parameter of interest, v, and the data b, I compute the first and
second derivative and prove the second derivative is strictly negative for all values of v € [0, 1].
It proves useful to write [ as as

n;l .,
_ Z(’Y In(bsy) — ln(z exp(yIn(bkn))))-
n=1 k=1

where b;, and by, are the data for firm 4 in niche n and firm k in niche n, respectively. Defining
B,(v) = ZkK"I b] , the first derivative with respect to ~ is given by

= kn?
A S R
— = In(b;y,) — exp(yIn(bg,)) In(bgy,
dv;();&w)kzﬂ(())()
which equals zero if and only if
D b)) =Y e k("w In(by,)
n=1 n=1k=1""

The second derivative

is negative if and only if
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Working on the left-hand side expression

N Kjp

N & b In(b bl dBn(y
;;Ch( )m(b,m ;;( k BH’EV))Q dry( )>ln(bkn)
N K, y _ 37 4Bn(v)
_nzlé (b In(bgn) B 7)))21) nd )m(b,m)
S (S ),
L <Bn<v>>2 !
1

p”qz

Ky
X 22( 1 (bjy,) Zzﬂ — b Zzﬂ In(b ) 1 (byy)

Jj#k Jj#k

3
Il
i

tnﬁz

1 K K K
B Z by (m(b,m) Z b, — Z b, 1n(bjn)) In(bgy)
n k=1

i#k i#k

3
Il
—

Mz

I
—_

n

Zb (Z (In(brn) ln(bjn))) In(ben)

k=1 J#k

Expanding the inner-sum ZK” b, (Zﬁk b;n(ln(bkn) - ln(bjn))> In(bgn),

Ky Kn
A (Z (o) m(bjn») (o)

k=1 jF#k

. (Zb (n(b1) ~ <b»n>>) In(bi,)

J#1

(Z (In(bay,) 1n(bjn))) In(ba, )

J#2

(Z bjn (I (brn) — ln(bjn))) In(bk,n)

J#Kn
=07, (63, (1) — In(b2n)) + b3, ((b1n) — (B3n)) + oo + b, ((b1n) — n(bic,un)) In(brn)
+ bgn (an(ln(bQH) —1In(b1,)) + bgn(ln(bgn) —1In(bsy)) + ... + b}nn(ln(bgn) — ln(bKnn))) In(b2y,)
+ ...

e (V0 (i) = 10(010)) + B (10(bsc, ) = (b)) + 6se, ), (1(brc,m) = (b, 130) ) b, ).

Grouping each term in the first row of summation with each of the terms in the first column
of summation, and continue sequentially with the remaining terms in the second row and second
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column, and so on yields

:b’lynbgn(ln(bln) — In(bey,)) In(byy) + bgnb'lyn(ln(bzn) —In(b1y)) In(bay) + ...
+ 01,0k, (I0(b1n) — In(bk,n)) In(b1n) + b b1, (0(bK,n) — W(b1n)) In(brc,n)

Taking common factor
03,3, (0(b1) — (b)) + .+ 67,6, (n(b1) — In(bie, ) > 0

which completes the proof. [
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