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Abstract

This paper analyses the contract between an entrepreneur and an investor, using a non-zero

sum game in which the entrepreneur is interested in company survival and the investor

in maximizing expected net present value. Theoretical results are given and the model’s

usefulness is exemplified using simulations. We have observed that both the entrepreneur

and the investor are better off under a contract which involves repayments and a share of the

start-up company. We also have observed that the entrepreneur will choose riskier actions as

the repayments become harder to meet up to a level where the company is no longer able to

survive.

Keywords Finance · Start-up finance · Risk analysis · Markov decision process · Contract

design

1 Introduction

A start-up company is created when an entrepreneur with an idea for a new product or service

is supported by investors who can provide sufficient capital to allow the new venture to become

established. During this initial phase, the objectives of the entrepreneur and investors are likely

to differ. Investors are seeking a good return on their investment in the company, while some

entrepreneurs might be more interested in establishing the company as a viable business to

provide sufficient income and a stimulating working environment in the future. The investors’

return and the entrepreneur’s management of the company are largely determined by the

contract or agreement specifying how much is to be invested initially and the timing and form

of repayments made by the entrepreneur to investors. Investors wish to design a contract that
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incentivises the entrepreneur to manage the company in a way that provides an attractive

return on their investments. If the repayment terms are too harsh, so that the company is

almost certain to fail regardless of the actions of the entrepreneur, the entrepreneur may

devote little effort to managing the company and returns for investors will be low. Similarly

if the repayment terms are too benevolent, so that the company is almost certain to survive

regardless of the actions of the entrepreneur, the entrepreneur may divert effort into activities

to enhance the product or service without generating additional value. Therefore, we might

expect that the contract should ensure that there is a good chance that the company survives

provided the entrepreneur exerts effort to deliver value and, therefore, also provide a good

return for investors. In this paper, we investigate how the design of the contract between the

entrepreneur and investors influences the entrepreneur’s actions and the outcomes for both

parties.

Theoretical models of start-up finance contracts in the academic literature generally

assume that the objectives of the entrepreneur and investors can be expressed in mone-

tary terms (for example Elitzur and Gavious 2003b; de Bettignies and Brander 2007; Aouni

et al. 2013; Lukas et al. 2016; Tavares-Gärtner et al. 2018). However, as Burchardt et al.

(2016, p. 34) observe, investors and entrepreneurs often have conflicting objectives due in

part to non-monetary benefits that entrepreneurs associate with “their role in the company

and with the existence of the company as a whole”. Our research assumes that investors

seek to maximize the expected return on their investments, but that the entrepreneur seeks to

maximize the probability of survival of the company. We argue that this assumption is more

appropriate for “lifestyle” entrepreneurs who seek a good living from the start-up company

and consequently do not prioritise high profit and growth. It has been reported that 90% of all

start-ups are lifestyle ventures (de Bettignies 2008), so this type of entrepreneur represents

an important segment. Moreover this segment has largely been overlooked in the literature

on start-up finance contracts which focuses on high-growth start-ups financed by venture

capitalists.

Schwienbacher (2007) observes that the stigma of failure can make securing finance

difficult in the future and so offers another reason for an entrepreneur to focus on the survival

of the venture. Wennberg et al. (2016) propose a framework in which entrepreneurs make

decisions based on survival and aspiration reference points. Empirical evidence supports the

view that an entrepreneur’s emphasis on survival changes with factors such as the age, size

and performance of the venture. Our model considers the early development of a start-up

company when we argue the entrepreneur is most concerned with survival. If the company

is able to survive for a sufficiently long period, the entrepreneur’s goals may shift to become

more aspirational.

Most of the academic literature on start-up finance contracts focuses on the involvement

of venture capitalists. See Burchardt et al. (2016) for a review of theoretical and empirical

research in this area. Models generally assume that the success of the venture depends on

effort from the entrepreneur and the venture capitalist. Entrepreneurs contribute creativity

and technical skills while venture capitalists contribute business expertise (Casamatta 2003).

As each party’s contribution to the venture is not observable by the other, this creates a double

moral hazard problem. The aim of contract design is to provide incentives which mitigate the

impact of the moral hazard (Vergara et al. 2016). Fairchild (2011a) introduces an interesting

element to this strand of the literature by considering how the behaviour of both parties is

affected by their concept of social fairness. The literature emphasises the active role that

the venture capitalist plays in managing the start-up company which might conflict with the

entrepreneur’s desire for control and could even stifle innovation (Cestone 2014).
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In contrast to the literature on venture capital contracts, our model considers a start-up

company that is financed by a passive investor. Studies that have analyzed different schemes

and policies for debt financing include Cerqueti (2012), Tavares-Gärtner et al. (2018) and Cole

and Sokolyk (2018). Schwienbacher (2007) highlights the reluctance of venture capitalists

to invest in early stage ventures due to the small sums involved and the relatively high cost of

monitoring the venture. The gap is filled by other investors such as business angels and banks

who generally have a less active role in the management of the venture. It has been pointed

out that venture capital funding does not have the largest share of entrepreneurial finance and

is concentrated in high technology industries (de Bettignies and Brander 2007). Despite this,

there is limited research on contracts for the financing of entrepreneurial ventures involving

other types of investors. Elitzur and Gavious (2003a) examine a model in which a business

angel invests in a start-up company prior to additional investment from a venture capitalist.

Fairchild (2011b) models the choice of start-up finance under the assumption that business

angels have more empathy towards the entrepreneur than venture capitalists. De Bettignies

and Brander (2007) and de Bettignies and Duchene (2015) examine the entrepreneur’s choice

between venture capital finance and bank finance. Zhong et al. (2018) propose a model to

match venture capitalists investment profiles/preferences with those of the entrepreneur, while

Aouni et al. (2013) propose a multi-criteria model to maximize the return of the investment

as well at the survival rate while trying to minimize investment risk. Schwienbacher (2013)

considers investors with different degrees of specialism. Generalist investors offer continuity

of finance through the stages of the start-up company’s development, but may not provide

the best support for each stage.

Our model assumes that the investor is not involved directly in the management of the start-

up company. We argue that this is appropriate for an early-stage start-up company created by

a lifestyle entrepreneur who places a high value on control of the venture. In common with

much of the literature, we consider contracts that provide finance in the form of debt and

equity. We examine how the form of the contract affects the outcomes for the investor and the

entrepreneur. This analysis provides insight on the design of contracts that give incentives

for the entrepreneur to exert effort that results in an attractive return for the investor.

Most models of start-up finance contracts assume that the success or failure of the venture

is revealed at a fixed point in time (for example Vergara et al. 2016; Fairchild 2011b; Elitzur

and Gavious 2003a; Zhong et al. 2018). This does not reflect the way in which an entrepreneur

may draw on capital reserves to endure a run of poor outcomes or accumulate resources before

pursuing a high growth strategy. Coad et al. (2013) propose a classical random walk as an

approximation to the growth path for the newest and smallest start-up companies. We build

on this research by assuming that the growth of an early-stage start-up company follows

a random walk that is influenced by the effort exerted by the entrepreneur. Multi-period

models of start-up finance in the literature generally relate to the staging of venture capital

finance (see for example Admati and Pfleiderer 1994; Dahiya and Ray 2012). The period

represents a stage in the development of the venture. In each period, investors have the option

to invest further or to exit. Depending on the type of contract, continued investment may be

assumed provided pre-determined goals are met (Elitzur and Gavious 2003b) or may be a

decision taken in the period (Lukas et al. 2016). The period in our model plays a completely

different role. The success of the venture depends on the outcomes of a series of trials (one

per period) rather than a single outcome at the end of the stage. In common with Elitzur and

Gavious (2003b), we consider a multi-period model in which the finance contract is agreed

initially and each period in the planning horizon is either a success or a failure. However,

while Elitzur and Gavious (2003b) assume that failure is terminal, we assume that failure in

a period is only terminal if it exhausts the resources available to the company. Hence, we
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combine a multi-period model of start-up finance with the concept of a growth path based on

a random walk. Elitzur and Gavious (2003b) assume that for as long as the company remains

successful, the venture capitalist invests in the next stage, pays the entrepreneur an agreed

amount in each period and accumulates any surplus value. We argue that this implies a high

level of investor control which is not the scenario we wish to investigate. In contrast, we

consider investors who make an upfront investment in return for a share of the venture and

payments from the entrepreneur in each period. We assume that investors exit at the end of

the agreement leaving the entrepreneur in control of the venture.

The paper is organized as follows. Section 2 provides a detailed description of the

model analyzed. Section 3 discusses the optimal contract design from the viewpoints of

the entrepreneur and the investors. Section 4 presents the results of a numerical investigation

into the impact of the contract design on the outcomes for the entrepreneur and investors.

Section 5 concludes.

2 Model

2.1 Basic setup

The model considers an entrepreneur (E) and a single investor (I ) and describes the decisions

that have to be made as part of the initial agreement between the two parties. These decisions

concern how much I invests initially, the timing of payments from E to I and the form that

these payments take. Subsequently, these decisions influence the way the company is run in

terms of the deployment of effort by E and the risk associated with E’s decision making.

Ultimately, the terms of the agreement and the behaviour of E determine the payoffs for both

parties. We model the situation as a non-zero sum game between the two parties.

We assume that E is concerned with the way the company prospers over a time interval

consisting of N periods, but that I will only wish to be involved in the venture for a limited

time of T periods (T < N ). The initial agreement between the parties, determines how

much I invests initially, namely C0, the time for which I is involved in the venture, T ,

and the dividends that I will receive from E in each of the subsequent T periods, C j for

j = 1, . . . , T . It is assumed that C j ≥ 0 for 0 ≤ j ≤ T . However we note that, by allowing

C j < 0 for some j satisfying 1 ≤ j ≤ T , the model could easily be adapted to cover the

staging of finance. The initial agreement also determines α (satisfying 0 ≤ α < 0.5) such

that 100α is the percentage of the company that is owned by I . Note that 100α is constrained

to be less than 50% to ensure that E always retains a controlling interest in the company.

Under the terms of the agreement, I will exit at time T by withdrawing 100α% of the value

of the company at that time.

With the agreement in place, E then manages the company for N periods by choosing

the effort to devote to value creation in each period. These decisions are dependent on the

success of the company which is measured by its accumulated capital. In each period there

are M possible effort levels ranging from level 1, with least effort, least return and least risk,

to level M , with most effort, most return and most risk. We assume that in each period, the

company is either a success or a failure. When E chooses effort level k in any period, then:

• S(k) = profit to the company when its activities during the period are a success;

• F(k) = loss to the company when its activities during the period are a failure;

• p(k) = probability the company’s activities during the period are a success.
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Fig. 1 Time line of decisions and events for the N periods under consideration

Hence, when effort level k is chosen in a period, the expected profit is given by

p(k) (S(k) + F(k)) − F(k)

and the variance in profit is given by

p(k)(1 − p(k)) (S(k) + F(k))2 .

We assume that the expected profit and the variance in profit, which we consider as an

indicator of risk, are non-decreasing as the effort level k increases. We note that the model

could be generalised to allow the profit, loss and success probability to depend on the period.

For example, these values could be chosen to reflect a projected pattern of growth for the

company.

We assume the following sequence of events in each period, see Fig. 1. First E chooses the

effort level for the period. Then the outcome of whether or not the company is successful in

the period is observed. Next I receives the agreed dividend for the period or, if the company

has insufficient capital to meet this payment, the maximum amount possible. Finally, the

capital of the company is calculated and, if positive, the company is allowed to operate for

(at least) another period. If the company runs out of capital and cannot trade anymore, we

assume k = 0 (with S(0) = F(0) = 0) to represent E’s action in this “coffin” state.

2.2 Entrepreneur’s objective

We assume that the objective of E is to maximize the probability of survival of the company.

The planning horizon for E consists of the first T periods, during which I is involved with

the company, followed by a further N − T periods without I ’s involvement. We have the

following two objective functions of interest for the entrepreneur:

• Q j (x) = the maximum probability that the company survives until the end of period

N given the company has accumulated capital x by the beginning of period j where

1 ≤ j ≤ T ;

• q j (x) = the maximum probability that the company survives until the end of period

N given the company has accumulated capital x by the beginning of period j where

T + 1 ≤ j ≤ N .

We define k j (x) to be the optimal action for E in period j , satisfying 1 ≤ j ≤ T , when the

capital available to the company is x .
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At the end of period T , I withdraws 100α% of the value of the company. This is reflected

in the boundary condition

QT +1(x) = qT +1((1 − α)x) for x > 0.

The company survives if and only if the accumulated capital at the beginning and end of

every period is positive. This leads to further boundary conditions:

Q j (x) = 0 for x ≤ 0 and 1 ≤ j ≤ T + 1;

k j (x) = 0 for x ≤ 0 and 1 ≤ j ≤ T ;

q j (x) = 0 for x ≤ 0 and T + 1 ≤ j ≤ N + 1;

qN+1(x) = 1 for x > 0.

For x > 0 and T +1 ≤ j ≤ N , the objective function q j (x) is determined by the following

optimality equation:

q j (x) = max
1≤k≤M

{

p(k)q j+1(x + S(k)) + (1 − p(k))q j+1(x − F(k))
}

. (1)

While for x > 0 and 1 ≤ j ≤ T , the objective function Q j (x) and the corresponding optimal

action k j (x) are determined by the following optimality equation:

Q j (x) = max
1≤k≤M

{

p(k)Q j+1(x + S(k) − C j )

+ (1 − p(k))Q j+1(x − F(k) − C j )
}

. (2)

Note that Eq. (1) calculates the effort level to maximize the probability of survival after I is

no longer involved, while Eq. (2) calculates the effort level to maximize the probability of

survival when I is still involved and so has to account for the dividend paid. The objective

of E is to maximize Q1(C0).

2.3 Investor’s objective

We assume the objective of I is to maximize the expected net present value (NPV) of the

investment in the company. Let r be the effective interest rate per period, so that future

payments are discounted at a factor of 1/(1 + r) per period. Define V j (x) to be the expected

NPV of future payments to I at the beginning of period j (1 ≤ j ≤ T ) when the capital

available to the company is x . We assume that I is aware of E’s objective to maximize the

probability of the venture surviving for N periods. Therefore, I can anticipate the actions

of E for any given contract design. For example, when the capital available to the company

at the beginning of period j is x , I can anticipate that E would choose the action k j (x)

determined from Eq. (2). Hence, for j satisfying 1 ≤ j ≤ T and for all x > 0, V j (x) is

determined as follows:

V j (x) = p(k j (x))
(

min{C j , x + S(k j (x))}

+
1

1 + r
V j+1(x + S(k j (x)) − C j )

)

+(1 − p(k j (x)))
(

min{C j , x − F(k j (x))}

+
1

1 + r
V j+1(x − F(k j (x)) − C j )

)

(3)

where VT +1(x) = αx if x > 0 and V j (x) = 0 if x ≤ 0 and 1 ≤ j ≤ T + 1. We assume that

the initial investment is made at the beginning of the first period and that dividends are paid

just before the end of a period. The objective of I is then to maximize:
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V0(C0) = −C0 +
1

1 + r
V1(C0).

3 Negotiating a contract

The two parties, I and E , are involved in a non-zero sum game to determine α, T , C0, C1,

. . ., CT in which I is interested in maximizing V0(C0) and E is interested in maximizing

Q1(C0). It is easy to see that E prefers the investment to be as large as possible, to pay I as

little as possible, as late as possible and to retain as much of the company’s value at period

T as possible. These observations are formalised in the following proposition.

Proposition 1 (i) Q1(x) is non-decreasing in x.

(ii) Let Q̃1(x) denote the probability that the company survives until the end of period N

given the company has capital x initially and pays I a single dividend not exceeding
∑T

j=1 C j in period T . Q1(x) ≤ Q̃1(x).

iii. Q1(x) is non-increasing in α.

Proof In any situation in which the company survives with initial capital x , the company

would also have survived if it had chosen the same actions with initial capital greater than x .

Hence (i).

Note that C j ≥ 0 for 1 ≤ j ≤ T , so the payment of the dividend in any period will

never increase the capital available to the company in that period. Hence, in any situation in

which the company survives, the company would also have survived if it had chosen the same

actions with the same initial capital but reduced the value of one or more of the dividends

and/or delayed the payment of dividends until period T . The result (ii) follows.

Finally for (iii), in any situation in which the company survives, the company would

also have survived if it had chosen the same actions with the same initial capital but I had

withdrawn less of the company’s value at time T . ⊓⊔

In contrast, it is not obvious what form of agreement should be favoured by I . While

increasing the dividends paid to I and increasing the proportion of the company owned by

I will increase the potential payoff for I , the benefit might not be realised because of a

reduction in the probability the company survives until the payments to I are due or because

E chooses to devote less effort to value creation. Due to the complexity of dealing with the

most general form of contract, we restrict our attention to cases where E agrees to pay I a

fixed dividend of C per period from period t until period T . There are then 5 variables that

define a contract: C0, the initial investment; C , the fixed dividend; t , the period in which

E starts paying the dividend; T , the period in which I ’s involvement in the venture ends;

and α, the proportion of the company’s value paid to I on exit. In the following section we

investigate computationally how the form of contract affects the return to I , the probability

of survival of the company and the actions of E .

4 Numerical investigation

We investigate the impact of the design of the contract between E and I on the outcomes

for both parties using variants of a base case problem with the following parameters. The

planning horizon for E consists of N = 36 periods and the planning horizon for I consists of a

maximum of 24 periods. Notionally, we consider a period to be an interval of around 3 months,
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Table 1 Characteristics of the

two effort levels for the base case

problem

Effort level, k 1 2

Profit if successful, S(k) 10 12

Loss if failure, F(k) 10 50

Probability of success, p(k) 0.6 0.9

Expected profit 2 5.8

Standard deviation of profit 9.80 18.60
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Fig. 2 Survival probability of company versus total repayment for four contract designs

so that the planning horizon for I is at most 6 years. This is consistent with the findings of

Manigart et al. (2002) who report that early-stage ventures mature after approximately 6 years

on average. Initially I makes an investment of C0 = 40 units. While the capital available to

the company remains positive, E chooses one of M = 2 levels of effort. With effort level

1, the company makes a profit of S(1) = 10 during a period with probability p(1) = 0.6

and makes a loss of F(1) = 10 otherwise. With effort level 2, the company makes a profit

of S(2) = 12 during a period with probability p(2) = 0.9 and makes a loss of F(2) = 50

otherwise. Table 1 compares the characteristics of the two effort levels. The effective interest

rate per period is r = 0.01.

The parameters to be determined by the design of the contract are t , T , α and C . We

constrain α to be at most 0.45 so that E always owns at least 55% of the company. When

comparing contracts, we consider the total repaid to I which is equal to (T − t + 1)C . For

any given total repayment, E’s optimal contract provides an upper bound on the survival

probability of the company (by definition) and a lower bound on I ’s expected NPV (as E

would readily accept the terms of this contract). Hence, E’s optimal contract is a useful

benchmark when evaluating contract designs.

We initially consider how the total repaid to I affects the objectives of the two parties

under E’s optimal contract. We know from Proposition 1 that the optimal design of contract

for E will always set α = 0 and t = T = 24. The solid line in Fig. 2 shows that, as expected

from Proposition 1, the probability of survival of the company decreases as the total repaid
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Fig. 3 Effort employed by E versus total repayment under E’s optimal contract

increases. The graph shows that the fall in the survival probability is generally steady with

occasional steep drops after 200, 260 and 320. This pattern can be explained by examining

the actions chosen by E . Using simulation, the frequency with which E chooses the riskier

action during the first T periods of the planning horizon was estimated. Figure 3 shows

that, in general, the frequency with which E chooses the riskier action increases as the total

repayment increases. This trend is to be expected because the company needs to earn more

revenue to meet higher repayments. However, the frequency with which the riskier action

is chosen drops sharply after 200, 260 and 320 as it becomes impossible for the company

to survive in more scenarios. This has an impact on the expected NPV of I , as can be seen

from the solid line in Fig. 4. Under the optimal contract for E the expected NPV generally

increases with the total repayment, but it falls sharply after 260 and 320 (and slightly after

200) due to the shift in the policy chosen by E away from the riskier, more profitable, action.

Eventually, the repayment is so great (> 320) that the chance of the company being able

to meet it in full is negligible. In such cases regardless of the contract design, E always

chooses to exert the least effort (k = 1), the probability of survival is 0 and the expected NPV

is constant at a relatively low level. This confirms the intuition that when the terms of the

contract are too onerous, E will not devote much effort to the management of the company

and both the survival probability and expected NPV will be low.

The crosses on the vertical axes of Figs. 2 and 4 show the survival probability and expected

NPV, respectively, under the optimal contract for I involving a share of the company, but no

payments. While the survival probability is high, the expected NPV is low (actually negative)

and this contract would not be attractive to I .

Figure 5 shows that when the contract includes a share of the company, I would generally

prefer as large a share as possible. (Recall that in this problem the maximum share is 45%.)

The only deviation from this occurs for relatively high total repayments when the company

has little chance of survival and, consequently, the contract will not be attractive to E and

the contribution of the share of the company to I ’s expected NPV will be relatively small.

The dashed lines with the circle and diamond markers in Fig. 4 show the expected NPV

under the optimal contracts for I with payments and a share of the company and with payments
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Fig. 6 I ’s optimal choice of t versus total repayment for contracts that provide I with repayments

only, respectively. The gap between these lines demonstrates that the inclusion of a share of

the company in the contract often results in a substantial uplift in expected NPV. Interestingly,

Fig. 2 shows that the inclusion of a share of the company often also results in an uplift in the

survival probability of the company. This counter-intuitive result is explained by Figs. 6 and

7 which show that, when a share of the company is included, I would often choose to delay

the start of repayments until later in the planning horizon and spread the repayments over a

longer interval. Both of these actions will have a positive effect on the survival probability

of the company (see Proposition 1). The share of the company gives I greater interest in
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Fig. 8 Scatter plot of expected NPV versus survival probability for all pareto optimal contract designs (the

markers for contracts with payments and a share of the company have been reduced in size to prevent these

points from obscuring other less frequent contract types)

the survival of the company and so the objectives of both parties are more closely aligned.

This is likely to have substantial impact on the outcome of negotiations. In this example, by

including a 45% share of the company, E can offer I a contract with an expected NPV of

more than 50 units while ensuring a survival probability of 54% rather than 40%.

Further insight on the tradeoff between I ’s expected NPV and the survival probability

of the company is provided in Fig. 8. Points on this figure represent pareto optimal contract

designs for the problem. Contracts involving payments with no share of the company are only

pareto optimal when survival probability is relatively low, while contracts involving a share

of the company with no payments (including the optimal contract for E) are only pareto

optimal when expected NPV is relatively low. The vast majority (95%) of pareto optimal

contract designs involve contracts with both payments and a share of the company. Most

importantly, all the pareto optimal designs in the region where a compromise is likely to be

struck, correspond to contracts involving payments and a share of the company. There are 38

pareto optimal designs that provide an expected NPV of at least 50 and a survival probability

of at least 0.5. Within these designs the total repayment ranges from 120 to 190, the share of

the company ranges from 0.15 to 0.45, the period in which payments start ranges from 8 to
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Table 2 Problem parameter

ranges for sensitivity analysis 4 ≤ S(1) ≤ 25.5, 12 ≤ S(2) ≤ 36

1 ≤ F(1) ≤ 21.5, 8 ≤ F(2) ≤ 194

0.35 ≤ p(1) ≤ 0.9, 0.15 ≤ p(2) ≤ 0.86

15 and the period in which I exits is either 23 or 24. Contract designs with higher survival

probability generally involve lower repayments that start later in the planning horizon. Most

of the contract designs involve a 40% or 45% (the two highest values considered) share of the

company. We calculated the internal rate of return (IRR) of the investment in the company

for the 38 pareto optimal contract designs. We found the IRR to be in the range 5–9% per

period which, assuming a period to be 3 months, corresponds to 21–41% per year. Manigart

et al. (2002) report that, on average, venture capitalists require an IRR of between 36 and

45% for early stage investments. This suggests that the IRR for the problem considered here

might be too low to interest venture capitalists. However, we argue that such a project would

need to seek funding from other types of investors and so the IRR is appropriate given our

focus.

The analysis provides evidence that both parties should favour contracts that provide I

with regular payments and a share of the company. It also provides a rough characterisation

of a contract that should be fair to both parties. Of course this discussion is based on only

one combination of the model parameters. However, the details presented above are typical

of the many different parameter combinations we have considered.

We have performed sensitivity analysis on the parameters of the base case problem within

the ranges shown in Table 2. The parameter combinations were chosen to ensure that the mean

return per period was unchanged for both actions and that the variance of return remained

lower for action 1 than for action 2. In all cases the initial investment was C0 = 40 units,

E’s planning horizon was N = 36 periods, I ’s planning horizon was at most 24 periods and

the effective interest rate per period was r = 0.01. We investigated the impact of varying

the interest rate per period and increasing E’s planning horizon, but the results proved to be

particularly insensitive to these changes.

For each combination of parameters, we calculated all pareto optimal contract designs

with an expected NPV of at least 50 and a survival probability of at least 0.5. For ease

of reference, in the following discussion we will call the pareto optimal contract designs

satisfying these criteria “candidate designs” to reflect the fact that such contract designs

might be said to satisfy both parties’ minimum requirements. All of the candidate designs

provide I with payments and over 99% of them provide I with both payments and a share of

the company. The modal share of the company in the candidate designs was 45% (the highest

value considered) and over 70% of these designs allocated at least 35% of the company to

I . The period in which repayments started typically fell around the middle of the planning

horizon with repayments starting between periods 8 and 17 more than in 52% of the candidate

designs. However, in approximately 27% of the candidate designs repayments started within

the first 3 periods of the planning horizon. We observed that this happened in cases for which

action 2 involved a higher level of risk. The period in which I exits was never earlier than

period 20 for any of the candidate designs and I exits in period 24 (the maximum value

considered) in 85% of the cases. In more than 90% of candidate designs, the total repayment

was in the range 120–200.
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5 Conclusion

We have presented and analyzed a Markov decision process model to study optimal con-

tracts between an entrepreneur and an investor, focusing on a non-zero sum game where the

entrepreneur is interested in company survival and the investor in maximizing expected NPV.

We have presented some theoretical results about the model and demonstrated the usefulness

of the model using simulations with numerical examples.

We found the model useful in explaining behaviours about the entrepreneur’s effort level,

and the general characteristics of a contract under different scenarios. An entrepreneur will

choose riskier actions as the repayments become harder to meet which will impact the

expected NPV up to a level where the company is unable to survive. Both the entrepreneur

and investor will be better off under a contract with payments and a share of the company.

Contracts involving a share of the company give the investor an interest in the survival of

the company and bring the objectives of the two parties closer together. The investor might

then agree to a contract in which payments start later in the planning horizon and are spread

over a longer interval. Contracts with these characteristics tend to give the company a higher

chance of survival.

Our analysis suggests that the investor and the entrepreneur should agree a contract that

provides the investor with regular repayments and a share of the company. Under the terms of

this contract, the total repayment will typically be 3–5 times the value of the initial investment

and repayments will typically start around the middle of the investor’s involvement with the

venture. The contract agreed will typically allow the entrepreneur to retain between 55 and

65% of the company. These findings provide insight on the most desirable outcomes of the

negotiations between a passive investor and a lifestyle entrepreneur.

Acknowledgements The authors gratefully acknowledge the contribution of Lyn C Thomas to this paper. Lyn

was involved in the early stages of this work, but sadly passed away before the research could be completed.

The authors both had the privilege of working with Lyn and will always remember him as a great mentor,

colleague and friend.

OpenAccess This article is distributed under the terms of the Creative Commons Attribution 4.0 International

License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-

duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide

a link to the Creative Commons license, and indicate if changes were made.

References

Admati, A., & Pfleiderer, P. (1994). Robust financial contracting and the role of venture capitalists. Journal

of Finance, 49(2), 371–402. https://doi.org/10.2307/2329157.

Aouni, B., Colapinto, C., & La Torre, D. (2013). A cardinality constrained stochastic goal programming

model with satisfaction functions for venture capital investment decision making. Annals of Operations

Research, 205, 77–88. https://doi.org/10.1007/s10479-012-1168-4.

Burchardt, J., Hommel, U., Kamuriwo, D. S., & Billitteri, C. (2016). Venture capital contracting in theory

and practice: Implications for entrepreneurship research. Entrepreneurship Theory and Practice, 40(1),

25–48. https://doi.org/10.1111/etap.12104.

Casamatta, C. (2003). Financing and advising: Optimal financial contracts with venture capitalists. Journal of

Finance, 58(5), 2059–2085. https://doi.org/10.1111/1540-6261.00597.

Cerqueti, R. (2012). Financing policies via stochastic control: A dynamic progarmming approach. Journal of

Global Optimization, 53(3), 539–561. https://doi.org/10.1007/s10898-011-9725-y.

Cestone, G. (2014). Venture capital meets contract theory: Risky claims or formal control? Review of Finance,

18(3), 1097–1137. https://doi.org/10.1093/rof/rft021.

123

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2307/2329157
https://doi.org/10.1007/s10479-012-1168-4
https://doi.org/10.1111/etap.12104
https://doi.org/10.1111/1540-6261.00597
https://doi.org/10.1007/s10898-011-9725-y
https://doi.org/10.1093/rof/rft021


330 Annals of Operations Research (2021) 299:317–330

Coad, A., Frankish, J., Roberts, R. G., & Storey, D. J. (2013). Growth paths and survival chances: An appli-

cation of gambler’s ruin theory. Journal of Business Venturing, 28(5), 615–632. https://doi.org/10.1016/

j.jbusvent.2012.06.002.

Cole, R. A., & Sokolyk, T. (2018). Debt financing, survival and growth of start-up firms. Journal of Corporate

Finance, 50, 609–624. https://doi.org/10.1006/j.jcorpfin.2017.10.013.

Dahiya, S., & Ray, K. (2012). Staged investments in entrepreneurial financing. Journal of Corporate Finance,

18(5), 1193–1216. https://doi.org/10.1016/j.jcorpfin.2012.07.002.

de Bettignies, J. E. (2008). Financing the entrepreneurial venture. Management Science, 54(1), 151–166.

https://doi.org/10.1287/mnsc.1070.0759.

de Bettignies, J. E., & Brander, J. A. (2007). Financing entrepreneurship: Bank finance versus venture capital.

Journal of Business Venturing, 22(6), 808–832. https://doi.org/10.1016/j.jbusvent.2006.07.005.

de Bettignies, J. E., & Duchene, A. (2015). Product market competition and the financing of new ventures.

Management Science, 61(8), 1849–1867. https://doi.org/10.1287/mnsc.2014.2041.

Elitzur, R., & Gavious, A. (2003a). Contracting, signaling, and moral hazard: A model of entrepreneurs,

‘angels’, and venture capitalists. Journal of Business Venturing, 18(6), 709–725. https://doi.org/10.1016/

S0883-9026(03)00027-2.

Elitzur, R., & Gavious, A. (2003b). A multi-period game theoretic model of venture capitalists and

entrepreneurs. European Journal of Operational Research, 144(2), 440–453. https://doi.org/10.1016/

S0377-2217(02)00144-3.

Fairchild, R. (2011a). An entrepreneur’s choice of venture capitalist or angel-financing: A behavioral game-

theoretic approach. Journal of Business Venturing, 26(3), 359–374. https://doi.org/10.1016/j.jbusvent.

2009.09.003.

Fairchild, R. (2011b). Faireness norms and self-interest in venture capital/entrepreneur contracting and per-

formance. In R. Fairchild (Ed.), Entrepreneurship: Motivation, performance and risk, business issues,

competition and entrepreneurship (pp. 73–90). Hauppauge: Nova Science Publishers.

Lukas, E., Mölls, S., & Welling, A. (2016). Venture capital, staged financing and optimal funding policies

under uncertainty. European Journal of Operational Research, 250(1), 305–313. https://doi.org/10.1016/

j.ejor.2015.10.051.

Manigart, S., De Waele, K., Wright, M., Robbie, K., Desbrieres, P., Sapienza, H., et al. (2002). Determinants

of required return in venture capital investments: A five-country study. Journal of Business Venturing,

17(4), 291–312. https://doi.org/10.1016/S0883-9026(00)00067-7.

Schwienbacher, A. (2007). A theoretical analysis of optimal financing strategies for different types of capital-

constrained entrepreneurs. Journal of Business Venturing, 22(6), 753–781. https://doi.org/10.1016/j.

jbusvent.2006.07.003.

Schwienbacher, A. (2013). The entrepreneur’s investor choice: The impact on later-stage firm development.

Journal of Business Venturing, 28(4), 528–545. https://doi.org/10.1016/j.jbusvent.2012.09.002.

Tavares-Gärtner, M., Pereira, P. J., & Brandão, E. (2018). Optimal contingent payment mechanisms and

entrepeneurial financing decisions. European Journal of Operational Research, 270, 1182–1194. https://

doi.org/10.1006/j.ejor.2018.04.044.

Vergara, M., Bonilla, C. A., & Sepulveda, J. P. (2016). The complementarity effect: Effort and sharing in the

entrepreneur and venture capital contract. European Journal of Operational Research, 254(3), 1017–

1025. https://doi.org/10.1016/j.ejor.2016.04.040.

Wennberg, K., Delmar, F., & McKelvie, A. (2016). Variable risk preferences in new firm growth and survival.

Journal of Business Venturing, 31(4), 408–427. https://doi.org/10.1016/j.jbusvent.2016.05.001.

Zhong, H., Liu, C., Zhong, J., & Xiong, H. (2018). Which startup to invest in: A personalized portfolio strategy.

Annals of Operations Research, 263, 339–360. https://doi.org/10.1007/s10479-016-2316-z.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and

institutional affiliations.

123

https://doi.org/10.1016/j.jbusvent.2012.06.002
https://doi.org/10.1016/j.jbusvent.2012.06.002
https://doi.org/10.1006/j.jcorpfin.2017.10.013
https://doi.org/10.1016/j.jcorpfin.2012.07.002
https://doi.org/10.1287/mnsc.1070.0759
https://doi.org/10.1016/j.jbusvent.2006.07.005
https://doi.org/10.1287/mnsc.2014.2041
https://doi.org/10.1016/S0883-9026(03)00027-2
https://doi.org/10.1016/S0883-9026(03)00027-2
https://doi.org/10.1016/S0377-2217(02)00144-3
https://doi.org/10.1016/S0377-2217(02)00144-3
https://doi.org/10.1016/j.jbusvent.2009.09.003
https://doi.org/10.1016/j.jbusvent.2009.09.003
https://doi.org/10.1016/j.ejor.2015.10.051
https://doi.org/10.1016/j.ejor.2015.10.051
https://doi.org/10.1016/S0883-9026(00)00067-7
https://doi.org/10.1016/j.jbusvent.2006.07.003
https://doi.org/10.1016/j.jbusvent.2006.07.003
https://doi.org/10.1016/j.jbusvent.2012.09.002
https://doi.org/10.1006/j.ejor.2018.04.044
https://doi.org/10.1006/j.ejor.2018.04.044
https://doi.org/10.1016/j.ejor.2016.04.040
https://doi.org/10.1016/j.jbusvent.2016.05.001
https://doi.org/10.1007/s10479-016-2316-z

	Investment and operational decisions for start-up companies: a game theory and Markov decision process approach
	Abstract
	1 Introduction
	2 Model
	2.1 Basic setup
	2.2 Entrepreneur's objective
	2.3 Investor's objective

	3 Negotiating a contract
	4 Numerical investigation
	5 Conclusion
	Acknowledgements
	References


