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ABSTRACT
In this article, we analyse how decentralised digital infrastructures
can provide a fundamental change in the structure and dynamics
of organisations. The works of R.H. Coase and M. Olson, on the
nature of the firm and the logic of collective action, respectively, are
revisited under the light of these emerging new digital foundations.
This study proposes a novel analysis of how these instruments can
affect the fundamental assumption on the role of organisations,
either private or public, as a mechanism for the coordination of
labour. We propose that these technologies can fundamentally af-
fect: (i) the distribution of rewards within an organisation and (ii)
the structure of its transaction costs. These changes bring the po-
tential for addressing some of the trade-offs between the private
and public sectors.
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1 INTRODUCTION
The purpose of this paper is to analyse how distributed digital
infrastructures will effect structural changes in the nature of or-
ganisations. We aim to qualify the microeconomic foundations of
decentralised organisations formally. This analysis is grounded
in the works of Coase[4] and Olson[11]. Both works consolidate
into a set of organisation roles, and relations that define a firm
and support its existence. In one hand, Coase proposed a set of
necessary attributes and conditions for the firm to exist and oper-
ate. On the other, Olson modelled the economics of coordinated
group actions. These works provide two complementary economic
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reference frames which jointly answers why centralised private
companies are the prevalent model of economic organisation.

By putting these two perspectives to dialogue, we derive a mathe-
matical model which elicits the cost and reward structures involved
in the coordination of the different agents behind the firm. This
model is then used as a foundation to understand how distributed
digital infrastructures (DDIs) can disrupt this dominant centralised
model.

We particularly focus on the construction of the microeconomic
argument that two fundamental components for enabling fully
decentralised organisations are smart contracts and a reward distri-
bution metric. We argue that these two types of digital infrastructure
can promote a bottom-up model of organisation.

Two corollaries are derived: (i) the emulation of the role of the
entrepreneur and investor by a distributed network of agents and
(ii) the emergence of a new type of organisation (distributed firms)
which merges attributes from the private and public sectors.

This work is organised as follows: the second, third and fourth
parts describe our mathematical interpretation of Coase’s and Ol-
son’s work, respectively. The fifth section contains our operation
framework. The sixth, seventh and eighth components introduce
the analysis, discussion and a numerical example respectively. Lastly,
we present our conclusions.

2 BACKGROUND
2.1 Distributed ledgers
In order to record transactions, firms employ the double-entry
bookkeeping system. The basic unit of this method is the account.
An account organises transactions according to a rule called T-
shape. All these transactions are, then, kept in a memoir known
as ledger [1]. Ledgers were introduced in the 15th century by the
Venetian Republic [5] as a centralised information solution.

Despite the benefits of decentralisation, ledgers kept the same
operation principle even with computer automation. It was until the
introduction of digital currencies that distributed ledger technology
became observed. A Distributed Ledger, therefore, is a shared data-
base that stores assets of multiple sites, geographies or institutions
[16].

Blockchain systems integrate a distributed ledger implementa-
tion as part of their protocol. Thus, it is possible to eliminate the
need for trust and promote effective teamwork and cooperative
activities [5].
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2.2 Blockchain economic models
The introduction of blockchain technology has underpinned the
evolution of productive mechanisms in the form of new organisa-
tion types [12]. According to Mary S. Morgan, an economic model
is a theoretical approach to describe the operation of productive
processes [10]. Therefore, Blockchain has enabled the launch of
new economic models.

These new structures diminish the problem of contractual in-
completeness considerably [12]. Blockchain systems introduce "a
spontaneous order produced by people within the rules of the law of
property, tort and contract with not a particular end", or Catallaxy
[5]. A Catallaxy is composed of multiple agents within an "extended
order". These agents are social and governed by social rules. They
own specialised knowledge, shape their plans, and are mutually
coordinated through the market price system under scarcity envi-
ronments [7] [3].

Some examples of this new structure are Backfeed and La ‘Zooz.
Backfeed promotes a rewarding system protocol, for any industry,
based upon economic tokens and reputation scores. This mech-
anism is called Proof-of-Value [2]. They construct complex light
structures that do not rely on classes but individual agents who are
self-coordinated [9]. In the case of La ‘Zooz, the company offers
mining services based upon a token model. La ‘Zooz aims to utilise
the empty seats in regular car users. Users receive tokens when
they integrate new members into the community and when they
share their car with other users[13].

Both companies have minimised the cost of legal services, explic-
itly speaking contract cost, by allowing their members to establish
"organic" coordination over the Blockchain with the minimum num-
ber of legal agreements. In this fashion, both organisations have
empirically integrated the principles of the "nature of the firm "[4].

3 SUMMARY OF THE PROPOSED MODEL
This model pioneers on whether emerging digital infrastructures can
heighten bottom-up economic organisation in highly digital settings,
through minimising the free-rider problem, as posed by Olson and
emulating the microeconomic structure described by Coase. We argue
that digital infrastructures facilitate the creation of a large-scale
digital cooperativemodel by changing themicroeconomic dynamics
in the organisation structure. The following is a summary of the
key claims that underpin this exposition:

• Smart contracts can minimise the difference between internal
and external transaction costs within the firm by facilitating
the creation of distributed production chains, and oppor-
tunistic and fragmented labour relationships. As a result, the
need for a fixed-cost structure of labour is minimum. This
notion changes the fundamental assumption behind Coase’s
justification for the existence of the firm.

• Distributed apps (DAPPs) associated with productivity/reward
metrics can provide an infrastructure that recompenses dig-
ital productivity at a fine-grained scale. DAPPs will also
grant the possibility of measuring and gratifying contribu-
tions (at a task/component level). A contractual framework
formalises this participation by (i) minimising the free-rider
problem as posed by Olson and maximising the value to

the productive individual ; (ii) reducing the need for a hi-
erarchical managerial structure, and providing distributed
accountability.

• The possibility of distributed ownership allows the organisa-
tion to partially emulate the role of the entrepreneur, investor,
and the associated managerial hierarchy. As a result, this
model brings fuzziness among these functions.

The core of the previous postulates lays in the following assump-
tions:

• Smarts contracts are enforceable.
• Reward metrics are transparent, minimally efficient and are
part of the contractual agreement. That is, productivity eval-
uation has an acceptable accuracy level, and the contract
clauses include these performance indicators.

• Processes and tasks are specific and capable of being dele-
gated.

The following sections outline our mathematical interpretation
of Coase’s and Olson’s work, and a business assessment model.
Afterwards, we explain the proposed framework.

4 COASE’S NATURE OF THE FIRM
4.1 Outline
Coase’s fundamental contribution, to the nature of the firm, is the
idea that within a company a force, under the figure of an agent,
partially neutralise the price system and the market forces.

The role of the "entrepreneur" is responsible for creating this
"environment". In this fashion, the "entrepreneur" should generate
the conditions that enable price-system independent economic
transactions among different company’s entities [14]. Thus, a pool
of human and material resources, within the firm, is available for
allocation and free from the market or external transaction costs -
e.g. freight price and contract negotiation.

Therefore, the transaction cost is an essential concept of Coase’s
study [4].
4.1.1 Formalisation - Minimising Transaction Costs.
After reviewing Coase’s work [4], we considered that the following
ideas are the most relevant to our research.

i) "But in view of the fact that it is usually argued that co-
ordination will be done by the price mechanism, why is such or-
ganisation necessary?Why are there these "islands of conscious
power"? Outside the firm, price movements direct production,
which is co-ordinated through a series of exchange transactions
on the market. Within a firm, these market transactions are
eliminated and in place of the complicated market structure
with exchange transactions is substituted the entrepreneur-co-
ordinator, who directs production" [4]. Thus,

(a) In the Market:

𝜙 = 𝑓 (𝑃, 𝐸𝑇𝐶, 𝑡) (1)

Where 𝜙 represents production, 𝑃 is the price, 𝐸𝑇𝐶 stands
for external transaction cost, and 𝑡 is time.

(b) In the firm:
𝜙 = 𝑓 (𝑇𝑇𝐶, 𝑡) (2)

Where 𝜙 describes production, 𝑇𝑇𝐶 represents the total
transaction cost, and 𝑡 is time.
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ii) "Firms might also exist if purchasers preferred commodities
which are produced by firms to those not so produced; but even
in spheres where one would expect such preferences (if they
exist) to be of negligible importance, firms are to be found in
the real world. Therefore there must be other elements involved.
The main reason why it is profitable to establish a firm would
seem to be that there is a cost of using the price mechanism.
The most obvious cost of "organising" production through the
price mechanism is that of discovering what the relevant prices
are. This cost may be reduced but it will not be eliminated by
the emergence of specialists who will sell this information" [4].
Then,

𝐸𝑇𝐶 > 𝐼𝑇𝐶 (3)
𝑇𝑇𝐶 = 𝐸𝑇𝐶 + 𝐼𝑇𝐶 (4)

Where ETC stands for External Transaction Cost, ITC is the
Internal Transaction Cost, and TTC is the Total Transaction
Cost.

iii) "The operation of a market costs something and by forming an
organisation and allowing some authority (an "entrepreneur")
to direct the resources, certain marketing costs are saved. The
entrepreneur has to carry out his function at less cost, taking
into account the fact that he may get factors of production at a
lower price than the market transactions which he supersedes,
because it is always possible to revert to the open market if he
fails to do this" [4]. Hence,

𝐹𝑀 =

{
∃𝑓 (𝐸𝑇𝐶, 𝐼𝑇𝐶,𝑈𝑒 )

��� 𝐸𝑇𝐶 ≥ 𝐼𝑇𝐶

}
(5)

Where 𝐹𝑀 represent the firm and 𝑈𝑒 stands for the firm’s
operation uncertainty.

iv) "One entrepreneur may sell his services to another for a certain
sum of money, while the payment to his employees may be
mainly or wholly a share in profits" [4]. Therefore,

𝐶𝑙 =

𝑛∑︁
𝑖=1

𝑊𝑖 = Δ𝜋 (6)

Where𝐶𝑙 represents the cost of labor,𝑊𝑖 is the wage of each
individual, 𝑛 equals the number of members/employees of
the group, and Δ𝜋 is a portion of the profit.

v) "With uncertainty entirely absent, every individual being in
possession of perfect knowledge of the situation, there would be
no occasion for anything of the nature of responsible manage-
ment or control of productive activity. Even marketing trans-
actions in any realistic sense would not be found. The flow of
raw materials and productive services to the consumer would
be entirely automatic" [4]. Consequently,

𝐹𝑀 =

{
∃𝑓 (𝐸𝑇𝐶, 𝐼𝑇𝐶,𝑈𝑒 )

��� 𝑈𝑒 ≠ 0
}

(7)

Where 𝐹𝑀 represent the firm and 𝑈𝑒 stands for the firm’s
operation uncertainty.

vi) "a firm will tend to expand until the costs of organising an
extra transaction within the firm become equal to the costs of
carrying out the same transaction by means of an exchange
on the open market or the costs of organising in another firm"
[4]. Then,

𝐹𝑀 > 0 ⇔ 𝑀𝐼𝑇𝐶 ≤ 𝑀𝐸𝑇𝐶 (8)

Where MITC is the Marginal Internal Transaction Costs, and
METC stands for Marginal External Transaction Costs.

From these ideas, we have identified the following fundamental
attributes of the firm:
A1. The presence of a 𝐼𝑇𝐶 and uncertainty𝑈𝑒 are necessary to

the existence of a firm.
A2. The firm emerges and expands as a result of the transaction

cost reduction.
A3. The firm is composed of a system of relationships which are

under the authority of an entrepreneur [4]. This agent is,
then, responsible for coordinating the firm’s infrastructure
to:
i) measure and estimate the product price, the internal/external

costs at a time 𝑡 , and
ii) intervene in the functional-cost composition of the firm

via productivity expansion/contraction, and transaction se-
lectivity.

A4. The size of the firm leads to capital accumulation.
A5. The hierarchy induced by A3. encodes the asymmetry of

information associated with the price-costs.
A6. Besides information asymmetry, a complex hierarchical struc-

ture fosters the specialisation of the cost structure. This spe-
cialisation is the result of knowledge accumulation.

5 OLSON’S LOGIC OF COLLECTIVE ACTION
5.1 Outline
Olson states that the "value" to the individuals governs the dynamics
of a workgroup [11]. Hence, the firm’s financial and operational
behaviour is closely related to this variable. He also observed that
different groups exhibit distinct "benefits" for their members. This
phenomenon drove Olson to classify groups, and firms, according
to their size, in terms of value, into small, and large/latent [11].

Small groups offer considerable value to individuals [11]. On
the other hand, the latent groups reward small benefits to their
members since their interest are notably fragmented; members
tend to work motivated by their objectives instead of the common
benefit. Therefore, small groups are more efficient than large ones.
However, the small groups develop monopolistic practices and a
biased wealth distribution [11]. As for latent groups, they manifest
a lack of efficiency and a remarkable difficulty to adopt changes[11].

With this theoretical background, it is possible to observe the
business environment and identify groups and their singularities.

5.2 Formalisation: The Free Rider Problem
Olson developed a tight mathematical explanation on small group
behaviours. Though, he did not provide an analytical narrative for
latent groups. Therefore, we revisited his analysis and proposed
the following interpretation:

i) "The larger the group, the smaller the fraction of the total group
benefit any person acting in the group interest receives, and the
less adequate the reward for any group-oriented action, and
the farther the group falls short of getting an optimal supply
of the collective good, even if it should get some" [11].

𝑆𝑔 ∝ 1
𝐹𝑖

, 𝑆𝑔 ∝ 1
𝑉𝑖

, and 𝑆𝑔 ∝ 1
Z𝑜

.
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If we represent these proportionality relations as equations,
we can reformulate these expressions as:

𝑆𝑔 = 𝑘𝑜
𝑉𝑔

𝑉𝑖
, (9)

𝑆𝑔 = 𝑘𝑔
1
𝑉𝑖
, (10)

and
𝑆𝑔 = 𝑘𝑠

1
Z𝑜

. (11)

where 𝑆𝑔 represents the ’size’ of the group, 𝐹𝑖 denotes the
gain that an individual might get from the group earnings, Z𝑜
is the service supply at the equilibrium point, 𝑘𝑜 and 𝑘𝑔 are
constants which compute the order of the group, and 𝑘𝑠 is a
constant that determines the order the group at the optimum
service supply point. Note that (𝐹𝑖 ) equals 𝑉𝑖

𝑉𝑔
where𝑉𝑖 is the

value to the member, individual, and it is equal to 𝐹𝑖𝑆𝑔𝑇 . 𝑇
is the rate at which the collective good is obtained [11]. If
we analyze equations 9 and 10, we found they have a similar
structure; thus, we can represent 𝑘𝑔 in terms of 𝑘𝑜 :

𝑘𝑔 = 𝑘𝑜𝑉𝑔 (12)

From 12, we can infer that 𝑘𝑜 should take a value between
zero and one, 0 < 𝑘𝑜 ≤ 1, since there are no other elements
that might amplify the value of 𝑉𝑔 . Hence, we can assert
that a value of zero means that no member of the group is
pursuing the common goal. Whereas, a value of one indicates
that the objective is alluring to every member of the team.
Thus, equation 10 is a particular case of 9.

ii) "The larger the group, the smaller the share of the total benefit
going to any individual, or rto any (absolutely) small subset
of members of the group, much less any single individual,
will gain enough from getting the collective good to bear the
burden of providing even a small amount of it; in other words,
the larger the group the smaller the likelihood of oligopolistic
interaction that might help to obtain the good" [11]. Therefore:

𝑆𝑔 ∝ 1
𝑃𝑜

Thus,

𝑆𝑔 =
𝑘𝑣

𝑃𝑜
(13)

where 𝑃𝑜 stands for the probability of oligopolistic interac-
tion to provide the service and 𝑘𝑣 is a constant of propor-
tionality that represents the potential group size.

iii) "The larger the number of members in the group the greater the
organisation costs and thus the higher the hurdle that must be
jumped before any of the collective good at all can be obtained.
For these reasons, the larger the group the farther it will fall
short of providing an optimal supply of a collective good, and
very large groups normally will not, in the absence of coercion
or separate, outside incentives, provide themselves with even
minimal amounts of collective good." [11]. In this case:

𝑆𝑔 ∝ 𝐶𝑜

Repeating the same methodology:

𝑆𝑔 = 𝑘𝜔𝐶𝑜 (14)

where 𝐶𝑜 represents the cost of organisation, and 𝑘𝜔 is con-
stant of proportionality. From equation 14, we can see that
optimum values for 𝑘𝜔 are 𝑘𝜔 > 1. When 𝑘𝜔 gets a value
from the interval: 0 < 𝑘𝜔 ≤ 1, we can consider that the
company is underperforming.

iv) "if there is one person in a group who is willing to bear the
entire costs of providing a service, the action is likely to be
executed or the service provided" [11].

𝑉𝑖 > 𝐶 =⇒ Z > 0 (15)

v) On the other hand, if there is a small number of enthusi-
astic persons prepared to bear the full costs of providing a
collective good, this may not be provided [11].

𝑃 (𝑉 ∗
𝑔 ) → 0, if n < m (16)

where 𝑉 ∗
𝑔 is the value of the group with the new service,

𝑃 (𝑉 ∗
𝑔 ) is the probability that the new service would be pro-

vided to the group, n is the number of enthusiastic persons
and m the total number of group members.

Previous statements uncover the following:
B1. Equation 15 describes the required conditions for the free-

rider problem to arise. The free-rider problem occurs when
a member of a group uses or obtains profits from a group
benefit such as public goods or services with no payment.
This misapplication may result in an underprovision, or even
cancellation, of those profits.

B2. A group member will be committed to organisation objec-
tives only if he can obtain benefits from his effort on supply-
ing current or new services.

B3. Organisation performance can be improved if group mem-
bers obtain their expected benefits.

B4. Group members benefits depend upon personal preferences.
B5. Each constant of proportionality, 𝑘 , represents different con-

cepts. In other words, they describe several phenomena; their
units reveal this:
i) 𝑘𝑜 - $,
ii) 𝑘𝑔 - $2,
iii) 𝑘𝑠 - 𝑢$,
iv) 𝑘𝑣 - $, and
v) 𝑘𝑤 - it is a dimensionless quantity.
where 𝑢 stands for product units and $ is monetary value.

6 FIRM’S PERFORMANCE
There is no consensus on how to measure business performance
[1][15]. For our analysis, we explored the branches presented in
Fig. 1. From this chart, we can observe that different variables can
describe the firm’s financial performance. In the next subsections,
we will explain our development of Coase’s and Olson’s work in
these terms.

6.1 Costs and profit
According to the classic economic theory, the price mechanism
drives the market [4]. Thus, it is plausible to state that price, 𝑃 , is
the primary variable of this system. According to Coase’s remarks,
we can describe price, then, as the sum of transaction costs for a
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Firm

Costs
and
Profit

Supply
and

Demand

Figure 1: Firm’s business performance variables.

specific product or service:

𝑃 =

𝑛∑︁
𝑖=1

𝑡𝑐𝑖 (17)

where 𝑡𝑐𝑖 is the transaction cost. We can extend this definition
making 𝑡𝑐 equals to 𝑇𝑇𝐶 from 4. Thus,

𝑃 =

𝑛∑︁
𝑖=1

𝑇𝑇𝐶𝑖 =

𝑛∑︁
𝑖=1

(
𝐸𝑇𝐶𝑖 + 𝐼𝑇𝐶𝑖

)
(18)

It is relevant to mention that 𝐼𝑇𝐶𝑖 will be equal to 0 when describing
prices in the market system.

Definition 6.1. 𝐸𝑇𝐶𝑖 is a composition of charges in land, labour,
and capital. That is:

𝐸𝑇𝐶𝑖 = (1 +𝑈𝑝 ) [𝐶𝑙𝑎𝑛𝑑𝑖 +𝐶𝑙𝑎𝑏𝑜𝑢𝑟𝑖 +𝐶𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖 ] (19)

Remark. We considered that price uncertainty, 𝑈𝑝 , equals the
expected inflation of the market during the evaluated period for
the transaction 𝑖 .

Definition 6.2. As for 𝐼𝑇𝐶𝑖 :
𝐼𝑇𝐶𝑖 = 𝑙𝑐𝑖 +𝐶𝑙𝑖 +𝑈𝑂𝑖

(20)
where 𝑙𝑐𝑖 is the legal cost, 𝐶𝑙𝑖 is the organisation cost, and 𝑈𝑂𝑖

operational uncertainty for the transaction 𝑖 .

Legal cost, 𝑙𝑐𝑖 , refers to the cost of collectively securing the firm’s
privately defined objectives. In other words, the cost associated with
protecting the private information that is not efficiently secured
through simple market exchanges. The value of these agreements
will depend upon both frequency and the nature of the trading
organisation. The longer the contract, the lower the cost [17].

On the other hand, 𝐶𝑙𝑖 is defined by equation 6. Concerning
𝑈𝑂 , it can be calculated with the Hurwicz’ Index (HI) [8]. This
indicator is employed when the firm is not either 100% optimistic
or pessimistic. HI definition is then:

𝐻𝐼 =𝑚 + 𝑠 = 1 (21)
where𝑚 is the degree of optimism and 𝑠 is the degree of pessimism.
HI is applied to the expected benefits of the produced product. Thus,
the option with the best HI index value is selected and then applied
to the 𝐼𝑇𝐶 .

6.2 Supply and demand
Employing the classical microeconomics "supply and demand"math-
ematical model, we have the following:

𝑆 = 𝑎 + 𝑏𝑃 (22)
𝐷 = 𝑐 − 𝑑𝑃 + 𝑒𝐼𝐸 (23)

where 𝑃 is the price, 𝑆 is production,𝐷 is demand, 𝐼𝐸 represents the
inflationary expectations, and 𝑎, 𝑏, 𝑐, 𝑑 and 𝑒 are behavioral variables

Figure 2: TTC in Production (S) and Demand (D) terms.

that reflect the reaction of producers (supply) and buyers (demand)
to price.

At the market equilibrium point, 𝑆 and 𝐷 are equal. If we also
substitute 𝐼𝐸 for𝑈𝑝 , since they represent the same variable, then
we have that price can be expressed by:

𝑃 =
𝑐 + 𝑒𝑈𝑝 − 𝑎

𝑏 + 𝑑 (24)

From equation 18, we can rewrite equation 24 as follows:
𝑛∑︁
𝑖=1

(
𝐸𝑇𝐶𝑖

)
+

𝑛∑︁
𝑖=1

(
𝐼𝑇𝐶𝑖

)
=
𝑐 + 𝑒𝑈𝑝 − 𝑎

𝑏 + 𝑑 (25)

From 25, we can see that𝑇𝑇𝐶 is not affected by Production and De-
mand themselves, but by market conditions which are represented
by the behavioural constants. See figure 2.

7 PROPOSED FRAMEWORK
This work introduces a model for a digital cooperative. We define a
digital cooperative as a decentralised organisation that aims for bal-
ancing the distribution of the rewards and values to the individuals
of the group. At the same time, the proposed infrastructure aims to
minimise the transaction costs with the support of smart contracts.

The "Distributed Organisation" (DO) is the abstract idealisation
behind the digital cooperative. This model satisfies Coase’s condi-
tions to exist and, at the same time, monitors and adjusts the value
of the individuals within the new firm in order to minimise Olson’s
free-rider problem. See figure 3.

The DO framework consists of four main stages:
A) Task formalisation and estimation,
B) Resource allocation,
C) Olson’s condition implementation,
D) Coase’s prerequisite monitoring, and
E) Distributed infrastructure implementation.

7.1 Task formalisation and estimation, and
resource allocation

We start with the assumption that a digital firm is a composition
of hierarchical business processes distributed as human-mediated
practices and digital artefacts. Besides, our model assumes that
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Figure 3: Model information flow.

tasks can be formalised and estimated within a certain margin of
error. That is, duties are decomposable and described by formal
specifications.

The second stage assigns the resources for the development of the
business process components. Three roles are associated with the
materialisation of these parts: worker, investor and customer. The
component-level assignment and accountability associated with
smart contracts reduce the barriers for agents to engage with more
granular processes and components bringing ambiguity across roles.
Workers can be rewarded via a wage relationship, associated with
the revenue-cost structure of the firm, or engaged as a voluntary
worker; i.e. in an investor capacity. Similarly, customers can join
as investors in a crowd-funding type of relation. DO integrates
role-budget constraints in the following manner:

• Investor:

𝑀𝑖 ≤
𝑛∑︁
𝑖=1

𝑇𝑇𝐶𝑖 (26)

where𝑀𝑖 is the investor budget.
• Customer:

𝑀𝑐 ≤ 𝑃

𝑀𝑐 ≤
𝑐 + 𝑒𝑈𝑝 − 𝑎

𝑏 + 𝑑
(27)

where𝑀𝑐 is the customer budget.
• Worker:

𝑀𝑚 ≥ 𝑤𝑚 (28)

where𝑀𝑚 is the customer budget and𝑤𝑚 her wage.

7.2 Olson’s conditions
In order to balance the benefits of each group member, we extended
the description of 𝑉𝑖 . In this fashion, we define the variable that 𝐸
will adopt the following values:

𝐸 =

{
0 if 𝐸 is an investor,
1 if 𝐸 is an employee.

We also assumed that an employee depends only on his wage to
cover his basic needs. Thus, they would receive their wage plus
dividends. Whereas in the case of the investors, they would only
receive the dividends. Thus, dividends will help the Reward Oracle
(RO) to balance the "new firm" organisation dynamics.

Hence, we can express 𝑉𝐸 𝑗 as follows:

𝑉𝐸 𝑗 =𝑊𝐸 𝑗 +
[
𝛽𝐸 𝑗 (𝑆 −𝐶)

]
(29)

Where𝑊𝐸 𝑗 is the wage of the individual, 𝛽𝐸 𝑗 stands for the divi-
dends of the individual, 𝑆 is the total sales, and 𝐶 is the total costs
of the firm.𝑊𝐸 𝑗 , then, behaves in the following manner:

𝑊𝐸 𝑗 =

{
𝑊0𝑗 = 0, if 𝐸 = 0,
𝑊1𝑗 ≠ 0, if 𝐸 = 1.
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If we analyse𝑊𝐸 𝑗 under the game theory standpoint, we can use
the following optimised function [15]:

𝑊1𝑗 =
𝑤𝑟1𝑗

1 − 𝛼
(30)

Where𝑤𝑟1𝑗 is the amount the employee can earn in the pricemarket,
and 𝛼 is a the employee’s effort per hour with values between
0 < 𝛼 < 1. As for 𝛽𝐸𝑖 , we consider the following condition:

𝑚∑︁
𝑗=1

𝛽𝐸 𝑗 = 1 (31)

Where 𝑚 is the number of total persons in the firm: employees
and investors. If we rewrite the equation 31 in terms of the specific
roles, we have the following:

𝑚∑︁
𝑗=1

𝛽𝐸 𝑗 =



𝑎∑
𝑝=1

𝛽0𝑝 = 𝑟, if 𝐸 = 0,

𝑏∑
𝑞=1

𝛽1𝑞 = (1 − 𝑟 ), if 𝐸 = 1.

(32)

Where 𝑝 is the number of total investors, 𝑟 stands for the return
rate on the investment, and 𝑞 represents the number of employees.
As for the allocation coefficients, 𝛽s, we considered that royalty
distribution would depend on two factors. The first one, the pro-
portion of the investment allocated to the endeavour. The second
one, the contribution that a team member has done to the whole
group. A transparent contractual productivity metric evaluates this
contribution. The model assumes that proxies for performance can
be estimated and computed in digital and distributed settings. The
analysis of possible schemes to materialise performance measure-
ment and estimation is beyond the scope of this work.

Thus, we propose the following allocation functions:

𝛽𝐸 𝑗 =



𝑟𝑃0𝑗
𝐶

, if (𝑆 −𝐶) > 0 & 𝐸 = 0,[
𝜏1𝑗
𝜏1𝑛𝑗

]
Γ(𝑛1𝑗 ) (1 − 𝑟 ), if (𝑆 −𝐶) > 0 & 𝐸 = 1,

0, if (𝑆 −𝐶) ≤ 0.
(33)

Γ(𝑛) =



1, if 𝑛 = 𝑙 = 1,
1 −

[
Φ(𝑛 − 1) − Φ(−(𝑛 − 1))

]
, if 𝑛 = 𝑙 ,[

Φ(𝑛) − Φ(−𝑛)
]
−
[
Φ(𝑛 − 1) − Φ(−(𝑛 − 1))

]
, if 1 < 𝑛 < 𝑙 ,[

Φ(𝑛) − Φ(−𝑛)
]
, if 𝑛 = 1 & 𝑛 ≠ 𝑙 .

(34)
Where 𝑟 is the rate of the promised royalty to investors, 𝑃0𝑗 rep-
resents the portion of the project cost granted by the investor 𝑗 , 𝑆
stands for sales,𝐶 expresses the costs, 𝜏1𝑗 denotes the total number
of performance samples of the employee 𝑗 , 𝜏1𝑛 𝑗

embodies the full
performance per organisational level, Φ is the standard normal dis-
tribution function, and 𝑛 𝑗 denotes an optional hierarchical (trust)
level component. If the contributor is an investor, 𝛽 calculates the
interest amount this person may receive according to the share he
contributed. An investor is allowed to invest up to the total cost

of a project. As for the employee, their royalty share is calculated
based on a performance metric. These values are weighted and
multiplied by the normal distribution function interval. This factor
aims to allocate the most significant portion of the profit to the
share of the firm that incorporates more employees; in other words,
we included the empirical 3-sigma rule. Lastly, if no profit is made,
no one is entitled to get dividends.

In this fashion, the RO will be responsible for balancing equation
29 and monitoring 37 to keep Coase’s and Olson’s conditions allow-
ing the firm to exist and minimise the free-rider problem within
a specific contextual setting. It is also worth to mention that we
extended this analysis to a multiproduct/multiservice company by
regarding sales and costs as marginals.

Changes in both productivity and the value to the individual will
help us to assess the framework. Therefore, we have the following
mathematical expressions to analyse these variations:

𝑃 (𝑣𝑖 ) = 1 − 𝑒−𝛼𝑣𝑖 (35)

Where P is productivity, and𝛼 represents ameasure of the employee
fitness. 𝛼 can take any of the following values:

0 < 𝛼 < ∞

Avalue of 0means that the individual does not know how to execute
his duties whereas a value of ∞ implies that he has maximum
fitness for a task set. For the value to the individual according to
the organisation level, we propose the following formula:

𝑣𝑖 (𝑙) = 𝑣𝑖 (1)
( 𝑟
𝑁

)
𝑙 (36)

Where 𝑣𝑖 (1) is the value to the individual of the lowest organisation
level, 𝑟 is the CEO-to-worker compensation ratio, 𝑁 the maximum
organisation levels, and 𝑙 is the individual organisation level. With
𝑙 > 2.

7.3 Coase’s prerequisite
RO integrates Coase’s requirements as follows:

𝐼𝑇𝐶 ≤ 𝐸𝑇𝐶 (37a)
𝐼𝑇𝐶 + 𝐸𝑇𝐶 < 𝑉𝐸 𝑗 (37b)

ITC and ETC are marginal costs. That is, they only represent the
cost of analysed services. DO will adjust the value of these variables
at the end of every contractual cycle.

7.4 Distributed infrastructure implementation
During this stage, RO classifies process activities in three groups:
manual task, AI task, and Hybrid task. Task description must con-
tain its legal and organisation costs in the form of contracts. These
terms will be employed to set the conditions of the smart con-
tracts that will ensure the minimal operation conditions for the
task. DO distribution will directly impact equation 20. However, the
uncertainty component is not directly affected since organisation
uncertainty is an endemic characteristic of the firm. Therefore, RO’s
ultimate goal would be:

𝐼𝑇𝐶𝑖 ≈ 𝑈𝑂𝑖
(38)

ROwill enablemarket communication and conditions automatically.
Thus, cost and delivery conditions behaviour by the transaction
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Figure 4: Attributes of the proposed Distributed Organisa-
tion (DO).

will be available to the firm’s management to amend any process
deviation.

7.5 Expected effects
To summarise, we expect to obtain the following results from the
RO implementation:

(i) A reduction in the free-rider problem,
(ii) A reduction in the barriers for a bottom-up organisation,
(iii) The integration of the roles: consumer, investor, and em-

ployee,
(iv) A decrease in capital accumulation via the distribution of

the entrepreneurial functions across the company.

Figure 4 shows a schematic diagram of the leading entities and
attributes of the proposed DO model; where DL stands for Dis-
tributed Ledgers. Moreover, figure 5 and 6 show the output for
the value to the individual and productivity, respectively. The blue
line shows the output that most of the organisations present; the
yellow line indicates the ideal curve and the orange one displays
the expected curves of the model. Finally, the green area exhibits
an acceptable range for these variables after the implementation of
the RO.

8 NUMERICAL EXAMPLE
This passage demonstrates the proposed model. Considering the
equation 29 and the values 𝑗 = 5, 𝑙 = 2, 𝑟 = 30%, 𝑆 = 100 £,𝐶 = 75 £,
𝛼 = 0.6, and the firm’s structure shown in the Fig.7. With𝑤𝑟1,3 = 5,
𝑤𝑟1,4 = 4, and𝑤𝑟1,5 = 3. Where the manager, M, has the index 3 and
the employees, E, 4 and 5. Then we have the following: (𝑆 −𝐶) = 25,
𝛽𝑉0,0 = 0.1, 𝛽𝑉0,1 = 0.2, 𝛽𝑉1,3 = 0.2221, 𝛽𝑉1,4 = 0.2389, 𝛽𝑉1,5 = 0.2389,
𝜏1,4 = 1, 𝜏1,5 = 1, 𝜏1,14 = 2, and 𝜏1,15 = 2. Thus, the value for the
individuals are: 𝑉0,0 = 2.5, 𝑉0,1 = 5, 𝑉1,3 = 18.0528, 𝑉1,4 = 15.9736,
and 𝑉1,5 = 13.4736.

As for the𝑇𝑇𝐶 , this value changes at every business cycle. Thus,
we recommend continuously monitoring the different factors that
affect this variable.
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Figure 5: Estimation of the value to the individual within an
hierarchical setting using the proposed model.
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Figure 6: Estimation of the productivity as a function to the
value to the individual using the proposed model.

Figure 7: Example’s firm structure.

9 CONCLUSIONS AND FURTHER RESEARCH
In this article, we have introduced a new digital infrastructure: the
digital cooperative. This Decentralised Organisation (DO) aims for
balancing the distribution of the rewards and values to the individ-
uals of the group and minimising the transaction costs with the
support of smart contracts. We described the operational conditions
of DO. We also analysed the introduction of a reward oracle (RO),
within the context of a DO abstract model, that can induce the
emergence of a new type of organisation.
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The notions of "value to the individual" and "productivity" helped
us to explain the effects of this transformation. It is relevant to
mention that RO is an abstract model which links plausible condi-
tions for a digital infrastructure supporting a DO and the emerg-
ing microeconomic patterns. That is, RO aims to compute optimal
conditions for an organisation to operate under a distributed and
group-efficient environment.

Further research should introduce the concept of uncertainty
to the proposed equations in order to mimic market conditions. In
other words, the integration of other mathematical tools such as
stochastic processes or mean-field game theory. Moreover, homo-
geneous agent simulations will facilitate the identification of more
specific qualification of microeconomic properties for distributed
organisations.

Finally, decentralised economies and the economic impact of
automation are phenomena which are still under development[6].
Their full understanding requires the creation of end-to-end eco-
nomic models that embed some of the properties entailed by these
digital infrastructures.
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