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Abstract

The theory of the firm explains organizational boundaries primarily through the
relative costs of market exchange and hierarchical coordination. This paper develops a
general theory in which productive activity can instead be coordinated through mar-
kets, hierarchies, or distributed networks. The framework introduces portable network
capital (informational, relational, reputational, and distributional capabilities that can
reside with agents independently of firms) and allows coordination technologies to ex-
hibit increasing returns to network scale. We characterize the endogenous formation
of networks and organizational boundaries and derive conditions under which techno-
logical progress changes firm scale, concentration, and the allocation of activity across
ownership boundaries. A central result is that productive networks and firms need not
coincide: declining costs of communication, reputation, and coordination can allow
productive relationships to remain distributed while ownership becomes less vertically
integrated. The theory therefore replaces the market-versus-hierarchy dichotomy with
an endogenous continuum of organizational forms, from autonomous agents and tem-
porary coalitions to networked organizations and integrated firms. Social media and
artificial intelligence are consequential in this framework not as separate sectors, but as
technologies that alter the costs, portability, and scalability of economic coordination.
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1 Introduction

Why do firms exist?

Since Coase (1937), this question has been central to the economics of organization.
Economic activity can, in principle, be coordinated through decentralized market exchange:
agents can contract with one another, respond to prices, and purchase inputs whenever
they are needed. Yet much production is instead conducted within organizations in which
authority, rather than prices, coordinates the allocation of resources. The existence, size,
and boundaries of firms therefore represent a fundamental economic problem: under what
conditions is it more efficient to coordinate productive activity through an organization than
through market exchange?

The canonical theory of the firm provides several answers to this question. In the
transaction-cost tradition, firms substitute authority for costly market transactions when the
costs of using the price mechanism become sufficiently large (?Williamson, 1975). In theo-
ries of team production, organizations arise because coordinated production creates monitor-
ing and free-riding problems that cannot be efficiently resolved through separate contracts
(Alchian and Demsetz, 1972). In the property-rights approach, organizational boundaries
determine the allocation of residual control rights over productive assets and thereby affect
investment incentives under incomplete contracting (Grossman and Hart, 1986; Hart and
Moore, 1990). Although these theories differ substantially in mechanism, they share a com-
mon structure. Organizational form is understood as a solution to a coordination problem
in which alternative arrangements differ in their costs of exchange, monitoring, contracting,
control, and ownership.

This paper argues that the canonical problem is more general than the market-versus-firm
dichotomy through which it has traditionally been formulated. The fundamental economic
question is not whether production should occur in markets or firms, but how heterogeneous
productive capabilities should be coordinated. Markets and hierarchies are two important co-

ordination architectures, but they need not exhaust the feasible set. A third architecture be-



comes increasingly consequential when information, reputation, productive capabilities, and
coordination capacity can move across organizational boundaries: distributed network coor-
dination. Under network coordination, agents can remain legally and economically distinct
while participating in persistent or temporary structures for sharing information, establish-
ing trust, combining complementary capabilities, and reaching markets. Such arrangements
include neither conventional anonymous market exchange nor conventional hierarchical in-
tegration.

The distinction is consequential because the technological environment underlying the
canonical theories has changed. Digital communication and social platforms have dramat-
ically reduced the costs of discovering counterparties, transmitting information, establish-
ing public reputations, and maintaining relationships across geographic and organizational
boundaries. Market access can increasingly be obtained through an individual’s own net-
work rather than through affiliation with a large organization. Productive capabilities that
were historically bundled inside firms can consequently become economically accessible to
independent agents. At the same time, advances in artificial intelligence are reducing the
cost of coordinating heterogeneous tasks, transforming information, generating intermediate
outputs, and managing complex workflows. These developments do not merely increase the
productivity of existing firms. They change the relative costs of alternative organizational
architectures.

The theoretical implication is not that technology necessarily causes firms to become
smaller, nor that markets necessarily replace hierarchies. Both conclusions are too strong.
A reduction in coordination costs can make previously internal activities more efficiently
distributed across independent agents, while simultaneously increasing the returns to organi-
zational scale when coordination technologies complement assets that remain concentrated.
The relevant question is therefore an equilibrium one: how does a change in the costs of
market, network, and hierarchical coordination alter the optimal allocation of productive

activity?



We develop a general framework to answer this question. The starting point is a recon-
struction of the canonical theory of the firm as a coordination problem. Consider a collection
of productive capabilities that must be combined to generate output. The planner, firm, or
decentralized economy faces alternative mechanisms for coordinating these capabilities. In
the canonical environment, the principal comparison is between decentralized exchange and
internal organization. We generalize this problem by allowing productive capabilities to
be coordinated through three distinct architectures: markets, networks, and hierarchies.
Each architecture is characterized by a distinct set of coordination costs and productive
advantages. Organizational boundaries then emerge endogenously from the allocation that
minimizes the total cost of coordinating a given production process.

This formulation permits us to identify precisely which assumptions are required for the
conventional market-versus-firm distinction to arise as an equilibrium outcome. In particular,
the canonical framework effectively treats access to information, reputation, coordination,
and productive resources as sufficiently localized that organizational affiliation materially
affects an agent’s ability to participate in production. When these resources become portable
across organizational boundaries, that assumption no longer holds. We therefore introduce
two concepts that are central to the extended framework.

The first is portable network capital. An agent’s reputation, relationships, accumulated
information, audience, distribution channels, and demonstrated reliability can constitute
productive capital that is not necessarily owned by or embedded within a firm. Unlike many
conventional organizational assets, such capital can accompany an agent across contractual
and organizational boundaries. It can reduce search, trust, matching, and market-access
costs independently of formal organizational membership. The portability of this capital
changes the economic relationship between individual productive capacity and firm-level
productive capacity.

The second is general-purpose coordination capital. Technologies that can perform or

substantially reduce the costs of planning, information processing, communication, moni-



toring, translation, and task coordination effectively expand the amount of heterogeneous
productive activity that a given coordinating agent can manage. Artificial intelligence is an
especially important instance because its capabilities can be deployed across tasks rather
than being tied to a single production process. In the model, however, artificial intelligence
is not assumed to be uniquely transformative. It enters as a technology that changes the
parameters governing coordination. The framework therefore applies to any technological
development that systematically reduces the cost of coordinating distributed productive ca-
pabilities.

The central theoretical result is that the firm’s boundary is not fundamentally a bi-
nary choice between market exchange and hierarchy. It is the endogenous boundary of a
broader coordination problem. Depending on the relative costs and complementarities of
the three architectures, equilibrium production can take the form of vertically integrated
firms, decentralized market exchange, networked organizations, temporary coalitions, or hy-
brid structures combining internal and external coordination. Conventional firms emerge as
a special case when network coordination is sufficiently costly or when the productive assets
required for coordination are sufficiently organization-specific. Conversely, networked forms
become optimal when portable network capital and coordination technologies sufficiently
reduce the costs of coordinating independent agents.

This framework generates several implications that distinguish it from a simple technolog-
ical extension of the existing literature. First, reductions in coordination costs can change the
optimal boundary of the firm even when the underlying production technology is unchanged.
Second, the relevant scale of an organization can diverge from the scale of the productive net-
work in which it operates: a small organizational core may coordinate a substantially larger
distributed production system. Third, technological progress can have opposing effects on or-
ganizational concentration. When coordination technologies substitute for internal hierarchy,
they can reduce efficient firm size; when they complement concentrated assets or increase

the returns to controlling a network, they can increase concentration. Fourth, individual



agents’ accumulated network capital can become a source of organizational power, creating
a form of productive capital that is neither conventionally owned by firms nor reducible to
human capital.

These results suggest a reinterpretation of the firm itself. The firm need not be under-
stood primarily as a physical locus of production, a collection of employees, or a bundle of
owned assets. These characteristics describe particular organizational forms rather than the
general economic function of organization. At a more fundamental level, a firm is an insti-
tutional architecture for coordinating productive capacity. Its boundaries arise when inter-
nal coordination provides sufficient advantages relative to alternative architectures to justify
bringing productive activity under a common organizational structure. The same theory can
therefore encompass the vertically integrated industrial corporation, the platform-mediated
enterprise, the networked organization, and emerging forms of highly automated production
without treating any one of them as the defining form of the firm.

The contribution is thus not to propose that social media or artificial intelligence has
made the traditional theory of the firm obsolete. Rather, the paper identifies the canonical
market-versus-hierarchy framework as a special case of a more general theory of organi-
zational coordination. The technologies associated with the twenty-first century matter
because they alter the economic primitives from which organizational boundaries emerge:
the portability of information and reputation, the accessibility of productive capabilities,
the cost of matching and trust, and the capacity to coordinate heterogeneous activity. Once
these primitives are allowed to vary, the familiar firm becomes one equilibrium form within
a broader space of organizational architectures.

The remainder of the paper proceeds as follows. Section 2 reconstructs the canonical
theory of the firm in a common mathematical framework and shows how the principal con-
tributions of the transaction-cost, team-production, and property-rights traditions can be
interpreted as special cases of a coordination problem. Section 3 identifies the assumptions

under which the canonical market-versus-hierarchy result obtains and examines how devel-



opments in information, communication, reputation, and coordination technologies relax
them. Section 4 introduces distributed network coordination and develops the concepts of
portable network capital and general-purpose coordination capital. Section 5 presents the
general equilibrium framework and derives the endogenous boundaries of markets, networks,
and firms. Section 6 establishes the principal comparative statics and identifies conditions
under which technological progress expands or contracts organizational scale and concen-
tration. Section 7 relates the framework to the existing theories of the firm, organizational
economics, networks, platforms, and technological change. Section 8 considers implications
for the organization of production in an increasingly networked and Al-enabled economy.

Section 9 concludes.

2 The Canonical Theory of the Firm as a Coordination

Problem

The modern theory of the firm contains several distinct theoretical traditions, but these tradi-
tions can be represented within a common underlying problem. A set of productive activities
must be coordinated to generate output. Coordination can occur through decentralized ex-
change, through an organizational structure in which decisions are allocated by authority,
or through intermediate institutional arrangements. The economic problem is therefore to
determine which allocation of productive activity minimizes the costs of coordination while
preserving the productive gains from specialization and cooperation.

This section reconstructs the canonical theory of the firm in this common form. The
purpose is not to collapse the differences between transaction-cost, team-production, and
property-rights theories. Rather, it is to identify the common object over which those the-
ories differ: the cost of coordinating productive activity under alternative organizational
arrangements. This formulation will subsequently allow us to introduce coordination archi-

tectures that are not captured by the conventional market-versus-hierarchy dichotomy:.



2.1 A General Coordination Problem

Consider an economy with a finite set of productive activities

A=11,....n).

Activity ¢ requires a productive capability k; and contributes to output through a pro-

duction function

Y = F(ki, ... k).

The productive capabilities may be embodied in individuals, physical assets, knowledge,
or other productive resources. For the moment, their ownership and location are left un-
specified. The central problem is how these capabilities are coordinated.

Let an organizational allocation be represented by a partition

H:{Gl,...,Gm}

of the set of activities A. Each element G; represents a collection of activities coordinated

within a common organizational arrangement. The extreme case

I = {{1},....{n}}
corresponds to fully decentralized production, while

I = {4}

corresponds to complete hierarchical integration.

For a given allocation II, let



denote the total cost of coordinating the associated productive activities. Let R(II)
denote the productive return generated by the allocation. The organizational problem can

then be written as

II" = arg max {R(Il) — C(1)} .

This formulation is deliberately general. It does not assume that coordination costs
arise from any particular mechanism. They may result from bargaining, search, contracting,
monitoring, information asymmetries, incomplete contracts, opportunism, communication
failures, or the costs of exercising authority. What distinguishes theories of the firm is, in
part, how these costs are specified.

The canonical theory can therefore be understood as imposing particular restrictions on

the feasible organizational allocations and on the structure of C(II).

3 The Assumptions of the Canonical Framework and
Their Relaxation

The canonical theory of the firm can be represented as a special case of the coordination
problem developed in Section 2. Its central result follows when the relevant alternatives are
restricted to decentralized market exchange and hierarchical organization, and when several
properties of information, reputation, productive capabilities, and coordination capacity are
treated as given. The purpose of this section is to make those assumptions explicit.

Doing so is important for two reasons. First, the emergence of new organizational forms
cannot be established merely by observing that firms increasingly use digital technologies
or artificial intelligence. A new theory requires a demonstration that the underlying eco-
nomic conditions determining organizational boundaries have changed. Second, technological

change does not render the canonical theories incorrect. Rather, it can change the parameters



and feasible set of the coordination problem to which those theories apply.

We therefore distinguish between technological changes in coordination costs and changes
in the set of feasible coordination architectures. The first modifies the relative efficiency of ex-
isting organizational forms. The second can make previously dominated forms economically

viable. The distinction is central to the theory developed below.

3.1 The Canonical Assumptions

Consider the canonical organizational choice

s" = arg sg{nj\ng} C(s),

where M denotes market coordination and H denotes hierarchical coordination.

The binary structure of this problem is supported by several implicit assumptions.

3.1.1 Localized Information

The first assumption is that economically relevant information is costly to acquire, transmit,
and coordinate across organizational boundaries. Information may be imperfectly observable,
privately held, or costly to communicate. As a result, organizational proximity can provide
an economically valuable mechanism for aggregating information.

Formally, let I; denote information held by agent i, and let

cr(dij)

denote the cost of transmitting or coordinating information between agents ¢ and j, where
d;; represents the effective organizational or relational distance between them. The canonical

environment, permits
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ad, ~
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If information becomes sufficiently costly to transmit across organizational boundaries,

bringing agents into a common organization can reduce coordination costs.

3.1.2 Localized Reputation

A second assumption concerns trust and reputation. In conventional markets, agents must
determine whether potential counterparties are reliable, competent, and likely to honor agree-
ments. Repeated interaction, organizational affiliation, legal enforcement, and intermediary
institutions can reduce these costs.

Let 7; denote the reputation of agent 7, and let p;; denote the extent to which agent j
can observe and rely upon ¢’s reputation. In the canonical environment, reputation is often
effectively local:

pi; = g(prior interaction,, institutional affiliation, ...).

YR

Consequently, an individual’s reputation may provide limited value outside the set of
relationships in which it was accumulated. Organizational affiliation can therefore serve as
a reputational technology: the firm provides a recognizable identity under which otherwise

difficult-to-evaluate agents can transact.

3.1.3 Organizationally Mediated Market Access

A third assumption is that access to customers, suppliers, capital, and other productive
opportunities is substantially mediated by organizational participation.
Let A; denote the market-access capacity of agent 7. In a conventional organizational

environment, it is natural to specify

where F; denotes the organization to which agent ¢ belongs.
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3.1.4 Scarce Coordination Capacity

A fourth assumption is that coordination capacity is scarce.
Let g denote the amount of heterogeneous productive activity that a coordinating agent
or organization can effectively manage. In the canonical environment, the marginal cost of

coordination generally rises with organizational scope:

0Cy 0?Cy
il Z ZH 50
dq =5 Oq? 20

This creates the familiar diseconomies of managerial scale.

3.1.5 Organizationally Embedded Productive Capabilities

A fifth assumption concerns the location of productive capabilities themselves. Conventional
organizational theory frequently treats productive assets as either owned by firms or acces-
sible through explicit market transactions. Human and organizational capabilities can be
associated with firms through employment relationships, proprietary knowledge, routines,
culture, and complementary assets.

Let k; denote the productive capability of agent 7. The canonical framework allows

in the sense that the productivity of an agent can depend substantially on the organiza-
tional environment in which that agent operates.
3.1.6 Limited Persistent Coordination Outside the Firm

Finally, the canonical framework contains a more fundamental institutional assumption:
persistent coordination among legally independent agents is either sufficiently costly to be

treated as market exchange or sufficiently integrated to be treated as organization.
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Let N denote a set of persistent relationships among independent agents. In the canonical
formulation, one can generally represent
NCM

if network relationships are treated as contractual market exchange, or

NCH

if they involve sufficient integration to constitute organizational control.

3.2 The Canonical Boundary as a Result of These Assumptions

The preceding assumptions imply that organizational affiliation provides several economi-
cally valuable functions simultaneously. A firm can aggregate information, establish repu-
tation, provide market access, bundle complementary capabilities, and concentrate scarce

coordination capacity.

Under these conditions, the organizational problem can be represented as

VM:FM_CM([7p7A7Q7k)7

and

VH:FH_CH(]7p7Aaq7k>

The firm exists whenever

Vg > Vi

The boundary of the firm therefore reflects the point at which the benefits of bundling

these functions within a common organization cease to exceed the costs of internal adminis-
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tration.

The canonical framework does not require every one of these functions to be performed
by the firm. Its central implication is weaker and more general: the firm becomes valuable
when organizational integration reduces the total cost of coordinating productive activity.

The modern technological environment, however, increasingly permits these functions to

be separated.

3.3 The Declining Cost of Information Transmission

Digital communication substantially reduces the cost of transmitting information across

organizational and geographic boundaries. Let

T

denote the marginal cost of transmitting relevant information between agents.
The canonical environment can be represented by a relatively high value of 7;. Techno-

logical progress reduces this parameter:

87’]

— <0
JT ’

where T represents information and communication technology.

The direct consequence is a reduction in the coordination advantage associated with
organizational proximity.

Importantly, this does not imply that information becomes costless. Tacit knowledge,
contextual interpretation, and complex coordination can remain difficult. The relevant the-
oretical point is instead that a larger fraction of economically useful information can be
transmitted without requiring common organizational membership.

As 77 declines, the marginal cost of coordinating an activity externally falls. The Coasian

boundary condition therefore changes even if every other feature of the production technology
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remains unchanged.

3.4 The Emergence of Portable Reputation

Digital networks introduce a qualitatively different change by altering the portability of
reputation.
Let r; denote the reputation stock accumulated by agent ¢. Suppose the economic value

of reputation depends on the set of counterparties able to observe it. Define

B,

as the portability of agent i’s reputation across relationships.

In a conventional environment,

P=0

for many economically relevant relationships: reputation is primarily generated through
repeated bilateral interactions or organizational affiliation.

Digital networks can increase

P >0

by making records of activity, demonstrated competence, endorsements, public commu-
nication, and prior performance observable to a large set of potential counterparties.

The resulting change is not simply a reduction in search costs. It changes the ownership
structure of a previously organizationally mediated resource. Reputation can become an
asset possessed by the individual rather than solely by the organization.

We therefore define portable network capital as

N; = N(Tufz’,az‘,di),
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where r; represents reputation, ¢; relational capital, a; accumulated audience or market
access, and d; distribution capacity.

The crucial property is portability:

ON;

0
oF =

need not hold. That is, the value of N; need not disappear when agent 7 leaves organiza-
tion Fj.

This breaks an important source of organizational dependence.

3.5 The Unbundling of Market Access

The portability of reputation is accompanied by a decline in the degree to which market
access must be mediated by firms.

Let

A; = A(F Ny,

where N; represents portable network capital.

In the canonical environment,

0A4;
OF;

is large relative to

0A;
ON;

In a networked economy, the latter can become substantial. An independent agent may
possess direct access to customers, collaborators, suppliers, audiences, or other markets

through a network accumulated outside any particular organization.
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This changes the economic meaning of organizational affiliation. Employment or formal
membership no longer necessarily bundles productive capability with access to the market.
A firm can consequently lose one of its traditional sources of value even if its internal

coordination technology remains unchanged.

3.6 The Decline of Matching and Search Costs

Network technologies also alter the cost of finding productive partners.

Let

Cs

denote the expected cost of locating an appropriate counterparty. In a conventional

market,

Cs = Cs(search space, information, reputation, matching technology).

Improved search and recommendation systems reduce this cost:

oCs
0Ts

< 0.

The economic consequence is particularly important for specialized productive capabili-
ties. A worker, entrepreneur, researcher, designer, or engineer no longer needs to locate all
complementary capabilities within a single organization. A sufficiently effective matching
technology can make it economical to assemble complementary capabilities externally.

The relevant unit of organization can therefore shift from the persistent firm toward the

temporary or persistent network.
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3.7 The Changing Cost of Coordination

Information transmission and matching technologies reduce the costs of external coordina-
tion. Artificial intelligence introduces an additional mechanism: it can directly expand the
quantity and complexity of activity that a coordinating agent can manage.

Let g denote coordination capacity and let T4 denote the effectiveness of general-purpose

coordination technology. We write

q=q(Ta), ¢ (T4) > 0.

Equivalently, for a given amount of coordinated activity @, let the cost of coordination

be

Ce(Q,Ta),

with

0Cc

— < 0.
0Ty

Artificial intelligence is therefore potentially relevant to the theory not because it is an-
other information technology, but because it can alter the production function of coordination

itself.

3.8 From Economies of Scale to Economies of Coordination

The canonical theory generally assumes that internal coordination becomes increasingly

costly as organizational scope expands:

Cu(Q) > 0.

Suppose a general-purpose coordination technology 7'y reduces this marginal cost:

18



P*Cr(Q,Ta)

90 0T, < 0.

But this effect alone does not imply smaller firms. If the same technology reduces the

costs of coordinating independent agents,

D?Cn(Q,Ta)

a0or, U

where C'y denotes network coordination costs, then technological progress can make both

hierarchical and networked organization more efficient.

3.9 The Feasible Set of Organizational Forms

Under the canonical assumptions,

So = {M, HY.

The technological environment described above permits a larger set:

S, ={M,N,H,.. D}

where N denotes distributed network coordination.

3.10 Necessary Conditions for a Distinct Network Architecture

For network coordination to constitute a genuine third architecture rather than a relabeling

of market exchange, three conditions are required:

1. Agents must be able to maintain meaningful coordination relationships without sur-

rendering residual control to a common hierarchy.
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2. The network must generate complementarities that would not arise from isolated bi-

lateral transactions.

3. The cost of sustaining these network complementarities must be sufficiently low that
they generate surplus relative to both anonymous market exchange and hierarchical

integration.

Let C'y denote the cost of network coordination and By the additional productive benefit

generated by network complementarities. Network coordination is viable when
Fy + By — CN > maX{VM, VH}

3.11 A Changed Economic Primitive

We can represent the generalized coordination problem as

s* = argmiélC(s;TI, P, ATs, Ty, K),
se

where 77 is the cost of information transmission, P captures the portability of reputation
and network capital, A captures independently accessible market access, Ts represents search
and matching technology, T4 represents general-purpose coordination technology, and K
captures the underlying productive complementarities among activities.

The canonical market—hierarchy result is recovered when portability, external market
access, and independent coordination capacity are sufficiently limited and when the feasible

set is restricted to
S={M,H}.

3.12 Implications for the Theory of the Firm

Three conclusions follow:

20



1. These technological changes do not overturn the logic of the canonical theory; they
modify its parameters. Coase’s question remains valid, but the cost of using the price
mechanism is no longer independent of the technological infrastructure through which

agents search, communicate, establish reputation, and coordinate.

2. The economic value of organizational integration becomes more conditional as func-
tions migrate outside the firm. When firms no longer uniquely provide information,
reputation, market access, or coordination capacity, the organizational bundle becomes
partially decomposable. Some functions can migrate outside the formal boundary of
the firm without destroying the productive complementarities associated with organi-

zation.

3. A decline in coordination costs can make a new institutional architecture feasible, al-
lowing firms, markets, and networks to emerge as equilibrium outcomes of a single
general coordination problem. The resulting network is not simply a cheaper market.
It can possess its own coordination economies arising from persistent relationships,
portable reputation, shared information, matching infrastructure, and distributed pro-

ductive capabilities. This motivates the central extension of the paper.

4 Distributed Coordination and the General Organi-
zational Problem

The preceding sections constructed the canonical market—hierarchy benchmark and identified
the restrictions required for that dichotomy to characterize the organizational problem. This
section relaxes those restrictions by introducing a third coordination architecture: persistent
coordination among productive agents who retain independent control rights.

The objective is not to append “networks” to the canonical theory as an additional

organizational form. Rather, we construct a common set of primitives from which markets,
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networks, and hierarchies can be represented as alternative solutions to the same coordination
problem.

The central distinction is between productive ownership and coordination provision. A
network permits productive agents to remain separately owned while accessing a persistent
coordination infrastructure. The technology of that infrastructure is characterized by three

primitives:

6= (P A"Y).

Here P measures the portability of coordination capital across ownership boundaries,
A measures the productivity and generality of coordination capacity, and ~ measures the
returns to scale in the production of coordination capacity itself.

The network coordination cost used in the remainder of the paper is not an additional
primitive. It is induced by the equilibrium network generated by these underlying technolo-

gies.

4.1 Productive Agents

Consider a finite set of productive agents

Z=A{1,...,n}.

Agent i possesses productive capability x; and chooses a vector of productive actions

d;
q; €R+.

Aggregate production is

Y = F(q,x),

22



where

a=1(q1, --,qn), X = (x1,...,%p)-

The production function may contain technological interdependencies across agents. In
particular, the marginal productivity of an agent’s action may depend on information, re-
sources, or actions supplied by other agents.

Let

ze€ZCRy

denote the coordination requirement associated with a productive activity. Higher z
represents activities for which productive decisions are more strongly interdependent and
therefore require greater coordination.

The organizational problem is to choose an institutional structure through which these

interdependencies are coordinated.

4.2 Coordination Architectures

Let

A={M,N,H}

denote the set of feasible coordination architectures.
The architectures differ in the allocation of control rights and in the technology through

which productive interdependencies are coordinated.

Market coordination (M). Under market coordination, productive agents retain inde-
pendent control rights and coordinate through decentralized, transaction-specific exchange.

Let R; = 1 denote full residual control by productive agent i. Coordination relationships

23



need not persist beyond the transactions through which they are implemented.

Hierarchy (H). Under hierarchical coordination, residual control rights are consolidated
within an ownership structure. Productive activities can therefore be coordinated through
authority, internal information systems, and organizational routines.

Let

Ir

denote an ownership partition of the productive agents. A hierarchy permits multiple

productive agents to belong to the same element of I1.

Network coordination (N). Under network coordination, productive agents retain in-
dependent control rights but can participate in a persistent coordination infrastructure.

Thus,

N = independent productive ownership + persistent coordination infrastructure.

The network does not require that the productive agents sharing coordination capacity
belong to the same ownership partition.

This separation is the fundamental organizational margin introduced by the theory.

4.3 The Network as a Coordination Technology

A network is represented by a bipartite graph

G=(ZJ,FE),

where 7 is the set of productive agents, J is the set of potential coordination providers,

24



and

ECIxJ

is the set of active coordination relationships.

For provider j € J, define its participant set by

NJ(G) = {Z €l: (27]) € E}7

and its participant count by

n;(G) = [N;(G)].

The network therefore contains two conceptually distinct objects:

productive agents and coordination providers.

A productive agent may participate in one or more coordination systems. This allows the
model to accommodate single-homing or multi-homing as special cases rather than imposing
either institution as a primitive.

For provider j, let

Clj>0

denote an exogenous productivity parameter capturing the provider’s underlying coordi-
nation capability.

The provider’s effective coordination capacity is

K5(G; A, y) = Aajng(G).
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Aggregate network coordination capacity is therefore

KN<G, A, ’}/) = Z ACLj?”Lj(G)’Y.
JjeJ

This specification makes the three roles of the technological primitives distinct.

The parameter A is a common productivity and generality shifter:

0Kn

24 =

The parameter v determines how coordination capacity responds to the scale of a provider’s

participant base:

O*K; _
angj = Aajy(y —1n; "

Thus,

v>1

corresponds to increasing returns to coordination scale,

v=1

to constant returns, and

0<y<1

to decreasing returns.
Importantly, increasing returns here concern the production of coordination capacity, not
necessarily the production of the final good.

This distinction will be central to the concentration results below.

26



4.4 Portable Coordination Capital

The parameter P governs the portability of coordination capital.

Let

T7(P) >0

denote the per-participant cost of accessing or maintaining coordination capacity across

an organizational boundary, with

7'(P) < 0.

Thus greater portability lowers the cost of establishing and maintaining persistent coor-
dination relationships without requiring ownership integration.

The parameter P can therefore represent, in reduced form, improvements in technologies
or institutions that allow relationships, information, reputation, audience access, commu-
nication channels, interaction histories, or other coordination assets to remain productive
across organizational boundaries.

The defining property is not that P raises output directly, but that it changes the cost

of making coordination capacity available to independently owned productive agents:

Pt = 1(P)|.

This distinction separates portable coordination capital from a conventional productivity
shifter.
A technology can raise the productivity of production while leaving organizational bound-

aries unchanged. Such a technology need not increase P.
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4.5 The Induced Cost of Network Coordination

To connect the network technology to the organizational problem, let

¢:R+—>R+

denote the residual cost of satisfying coordination requirements. We assume

A network with greater effective coordination capacity therefore requires less resource
expenditure to satisfy a given coordination requirement.

For a network G, define the induced coordination cost as

Cn (2. G 0) = ¢(m) #HPILE)+ T 1 (@) > )

where

L(G) = n(G)

JjeJ

is the number of active participant-provider relationships and f; > 0 is a provider-specific
fixed operating cost.

The first term captures the residual cost of meeting coordination requirements given the
capacity supplied by the network.

The second term captures the cost of maintaining persistent cross-boundary relationships.

The final term captures the fixed cost of activating a coordination provider.

This formulation is deliberately general enough to accommodate different interpretations
of coordination infrastructure while imposing the crucial structural restrictions

or 0K n
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It follows directly that, holding the network fixed,

OCn

P <0

and

ICy
a_A < 0.

The effect of « operates through the scale of coordination capacity and is therefore

endogenous to the network structure.

4.6 Network Formation

The equilibrium network is chosen by the agents and coordination providers subject to the
technology above.

Let

W(G; z,0)

denote aggregate surplus generated by network GG, net of coordination costs and provider

activation costs:

W(G;2,0) =V (z,G) —Cy(z,G;0),

where V(z,G) denotes the gross productive surplus generated when the coordination
requirements of the productive system are satisfied through G.

The exact allocation of surplus among productive agents and coordination providers
is not needed for the aggregate organizational problem, but it matters for individual link
formation. Section 7 therefore specifies the corresponding decentralized network-formation

game and establishes the conditions under which its equilibrium coincides with the efficient
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network for the class of environments considered here.
For the aggregate problem, define the set of technologically and privately feasible networks
by

G(9).

The equilibrium coordination network is denoted by

G*(2:0 W(G: 2,0
(% )EargGrgggg) (G 2,0),

when decentralized incentives implement the efficient network. More generally, G* de-
notes the equilibrium selected by the network-formation game developed in Section 7.

The equilibrium network coordination cost is consequently

O (2:0) =Cn (2,G"(2:0);0) .

This definition is important: C} is an induced object.

It incorporates both

direct technological effects

and

endogenous network-formation effects.

Hence,

dCy  OCy N ICyN OG*
dP 9P = 0G 0P’

with an analogous expression for A and ~.
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This decomposition will allow the paper to distinguish the direct effect of technological

progress from the organizational response it induces.

4.7 Network Scale as an Aggregate State Variable

Although the general network is represented by the graph G, some of the organizational-
boundary results depend only on aggregate network scale.

Define

m(G) =) ny(G),

JjeT

and let

m*(z;60) = m(G*(z;0)).
We impose the following aggregation condition for the main-text comparative statics.

Assumption 1 (Symmetric network aggregation). Conditional on network scale m, produc-
tive agents are exchangeable and the distribution of coordination costs is symmetric. There

exists an aggregate capacity function

such that all networks equivalent under the symmetry restriction generate the same ag-

gregate coordination capacity.

The assumption does not imply that topology is irrelevant.

Rather, it states that topology can be treated explicitly in the network formation problem
while the principal organizational-boundary results can be expressed in terms of the sufficient
statistic m.

Under this aggregation,
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Kn(G; A y) = Kn(m(G); A7),

and therefore

Cx(2:0) = Cn(z;m"(2;0),0).

The full graph remains the underlying object of the theory; m is a reduced-form state

variable used when topology does not independently affect the organizational comparison.

4.8 The Organizational Problem

Let the equilibrium coordination cost under the market architecture be

Chu(2),

and the equilibrium coordination cost under hierarchy be

These objects incorporate the transaction, information, authority, incentive, and internal-
coordination mechanisms developed in the canonical benchmark.

For the network architecture, the relevant cost is the induced equilibrium cost

C% (2 0).

The organizational problem is therefore

C" (2 0) = min {C)(2), Cn(2:0), Cp(2)} -

The equilibrium organizational architecture is
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*(2;0) € in  Cr(z0).
0" (2 0) arg _min 5(2:0)

The canonical market—hierarchy model is recovered as the special case in which network
coordination is either unavailable or never strictly dominates the two incumbent architec-

tures:

or

Cn(z0) =2 min{Cy,(2), Cx(2)}

for all relevant z.
The new theory therefore does not discard the canonical theory.

It nests it.

4.9 Ownership and Coordination Boundaries

The introduction of a persistent network requires distinguishing two organizational bound-
aries.

Let
Up
denote the ownership partition of productive agents. For agent i, define its ownership

component by

Bp(i;11p) = {k € T : k belongs to the same ownership unit as i}.

Let
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G*

be the equilibrium coordination network. Define the effective coordination component of

agent ¢ as

Be(i;G*) = {k € Z : i and k are connected through the equilibrium coordination structure}.

The two boundaries coincide under the canonical hierarchical benchmark when all eco-

nomically relevant coordination occurs within ownership units:

Under network organization, however, it is possible that

Define the organizational-boundary gap for agent ¢ by

Ap(i) = u(Be(i; G*) \ Br(i;11F)),

where p is a measure of productive activity.

An aggregate boundary gap is

AB:ZWiAB(i)a Wi ZO, Zwlzl

i€l
This quantity measures the extent to which productive activity can be economically
integrated through coordination without corresponding ownership integration.

The central organizational possibility of the theory can therefore be written
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Technological progress in portability or general-purpose coordination capacity can enlarge
this gap by lowering the cost of coordinating agents who remain outside the same ownership

structure.

4.10 Ownership Concentration and Coordination Concentration

The distinction between ownership and coordination boundaries implies a corresponding
distinction between concentration in productive ownership and concentration in coordination
provision.

Let

s=(s1,...,5n), Zsizl,
i

denote productive ownership shares. Define the ownership concentration index

n

HF:ZS?.

=1

For coordination providers, let

K} = K;(G* A7)

J

and define coordination-capacity shares

r»*—K; E r. =1
J * 7 J
Zk:EJKk

J

Coordination concentration is
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HC = ZT?

jeT

The two indices measure distinct economic objects.

Nothing in the model requires

Hp = He.

Indeed, a central prediction of the theory is that technological progress can produce

Hp |

while simultaneously producing

Ho 1.
The possibility arises because productive ownership and coordination provision are gov-

erned by different equilibrium margins.

4.11 Structural Interpretation of the Technology Parameters

The preceding construction gives a unified interpretation of the structural parameter vector

0= (P,A,").

The three parameters operate through distinct channels.

First,

P

governs the portability of coordination capital and therefore the cost of maintaining
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persistent coordination across ownership boundaries.

Second,

A

governs the productivity and generality of coordination capacity once the coordination

infrastructure is deployed.

Third,

fY

governs the elasticity of coordination capacity with respect to provider scale.

Thus,

P — access cost,

A — coordination capacity,

and

v — scale elasticity.

These are distinct technological margins.

A communication technology may primarily increase P.

A general-purpose artificial intelligence system may primarily increase A.

A technology that allows the same coordination infrastructure to serve many more het-
erogeneous agents may increase 7.

The theory therefore does not require social media or artificial intelligence to be treated as

primitive categories. They are potential technologies that change the underlying coordination

37



parameters.

4.12 Equilibrium Objects

An equilibrium of the model consists of an organizational architecture

g 7
an ownership partition
*
F
and, whenever
oc* =N,
an equilibrium coordination network
*
G,

such that:

1. productive agents optimize conditional on the available coordination architecture;

2. the equilibrium network satisfies the network-formation conditions specified in Sec-

tion 7;
3. ownership assignments are optimal given the coordination technology;

4. the selected architecture minimizes the equilibrium coordination cost among the feasi-

ble alternatives.

We may therefore write the equilibrium correspondence as

38



(I3, G*,0") = E(2,0).

When the equilibrium is locally unique, this correspondence can be represented as a
function.
The important point is that organizational form is now endogenous to the coordination

technology:

(P,Ay) > G — Cy — 0.

This mapping is the organizing structure for the remainder of the paper.

Section 5 derives the comparative statics of the organizational problem conditional on
the equilibrium network. Section 7 then derives the network equilibrium itself and estab-
lishes the conditions under which increasing returns generate coordination concentration and

organizational-boundary decoupling.

5 Comparative Statics of Organizational Choice

Section 4 established the common organizational problem and derived the equilibrium cost
of network coordination from an underlying coordination technology. This section character-
izes the comparative statics of organizational choice without yet imposing the full network-
formation structure developed in Section 7.

The distinction is important. The effects derived here arise from changes in the techno-
logical environment conditional on the induced network. Section 7 subsequently determines
how the network itself responds to those changes.

The principal result is that improvements in portable and general-purpose coordination
technology can expand the set of activities for which persistent network coordination is cost-

minimizing. The resulting organizational boundary is therefore endogenous to the technology
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of coordination rather than fixed by the distinction between “market” and “firm.”

5.1 Direct Effects of Coordination Technology

Recall that the equilibrium network coordination cost is

Cyx(2;0) =Cn (2,G*(2;0);0),

where

0= (P,A,").

For the comparative statics in this section, hold the equilibrium network G* fixed. The
resulting derivatives isolate the direct technological effects of changes in the coordination
environment.

From equation (4.5),

Cr (2, G: ) = ¢(m) +7(P)L(G) + 3 f;1{n;(G) > 0}
) ) jej
Since
7'(P) <0,
we obtain
Eff_g _ P (P)L(G) < 0.

Thus, holding the network fixed,

Pt = Cyl|
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The economic interpretation is straightforward. Greater portability reduces the cost of
maintaining coordination relationships across ownership boundaries. It therefore improves

the relative efficiency of a network without requiring ownership integration.

Likewise,
KN(Ga A7 /Y) =A Z a’jnj(G)Wv
JjeT
SO
0K n
8—,4 = Zajn; > O
JjeT
Since ¢’ > 0,
aCN Y. z z 8KN
o4 ¢ (K_N) ( K_N) oa ="
Hence,

At = Cy|.|

The parameter A therefore shifts the productivity of the coordination infrastructure itself.

The effect of v is different. Holding G fixed,

0Ky

o = AZajn] log n;.
JjeT
Whenever the relevant providers have
n; > 1,

we have
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— >0
oy ’
and consequently
ac
Oy

Thus,

1 = Onl]

for networks with nontrivial provider scale.
The effect is scale-dependent: increasing v has little effect on coordination systems serving

only one participant, but becomes increasingly important as coordination providers serve

larger populations.

5.2 The Envelope Decomposition

The preceding derivatives hold the network fixed. In equilibrium, however, changes in
(P, A,~) also change the network itself.
Let

G*(z;0)

denote the equilibrium network. The total derivative of equilibrium network coordination

cost with respect to any scalar technological parameter 6, € {P, A, v} is

dCy, _ 8y
db, 00y

oG*
D .
+ DaCy |:89k:|

The first term is the direct technological effect. The second is the network-response effect.

This decomposition is central to the theory.

42



For P,

dC% , . oG*
aP —T(P)L(G )+D(;CN |:(9P:|
For A,
dCy  OCy oG*
dA —a—A+DGCN|:aA:|.
For ~,
dcy  OCn oG*
=——+D .
oy GCN{@V]

If the network is chosen to minimize the coordination cost itself, the network-response
term vanishes under the standard envelope conditions. If network formation is decentralized
and generates an equilibrium that is not globally cost-minimizing, the term generally does

not vanish.

This distinction will matter in Section 7, where the network-formation equilibrium is

derived explicitly.

5.3 The Network Region

The organizational choice problem is

C"(2;0) = min {C}(2), Oy (2;0), Cx(2)} -

Define the market—network boundary by

Bun = {(2,0) : Cy(2) = Cy(2:0) < Cp(2)}

and the network—hierarchy boundary by
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Bun = {(2,0) : Ciy(z:0) = Ciy(2) < Ciy (=)}

The set of activities for which network coordination is optimal is

Qn(60) = {= : O (230) < min{Cy,(2), iy ()1}

The theory therefore predicts a region of the activity space in which persistent network
coordination dominates both decentralized market exchange and hierarchical integration.

The region is empty when network coordination is never cost-minimizing and expands
when technological progress lowers network coordination costs relative to the two incumbent

architectures.

5.4 Market—Network Boundary

Define

Dyn(z;0) = Cn(z;0) — Cyy(2).

The market—network boundary satisfies

Dun(z;0) = 0.

Suppose that at an interior boundary point zy,n(6),

0z

£0.

The implicit function theorem therefore gives

dZMN . _8DMN/80k
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Suppose further that greater coordination requirements increase the relative cost advan-

tage of network coordination over decentralized exchange, so that

0z '
Then, for P,
dDyn  dCy
op ~ ap

whenever the total effect of portability is cost-reducing.

It follows that

dZMN

0.
P

Thus, greater portability expands the set of activities for which network coordination
dominates market exchange.

Analogously, if

dcs,
A

and

0Dy
0z -

then

dZMN
dA

> 0.

The same logic applies to v whenever
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dcs,
dy

5.5 Network—Hierarchy Boundary

Define

Dnp(z;0) = Ch(z) — Cr(z;0).

The network—hierarchy boundary satisfies

DNH(Z;G) =0.

Suppose that at an interior boundary point

ZNH(9)>

ODnpy
0z

£0.

Then

dZNH . _8DNH/69k

Suppose that higher coordination requirements eventually make hierarchical integration

relatively more attractive, so that

0z

< 0.

If portability reduces network coordination cost,

acs,
P

<0,
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then

ODyy _ _dCx
oP P

Consequently,

dZNH

1P > 0.

The interpretation is that portability permits network coordination to remain competitive
with hierarchy over a larger range of coordination requirements.

Likewise, whenever

dC%
0
dA ’
we obtain
dz NH
JA > 0.
Under the analogous condition for +,
d
NH ),

dry

5.6 Expansion of the Network Region

The preceding results can be combined into a simple sufficient condition for the expansion

of the network region.

Proposition 1 (Expansion of the network region). Suppose that:

1. C3;(2) and Cy(z) do not depend directly on P or A;
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2. the equilibrium network cost satisfies

dcs dcs,
ap < A

< 0;

3. the market-network and network-hierarchy boundaries are interior and satisfy

0z >0, 0z

< 0.

Then an increase in either P or A weakly expands the set of coordination requirements

for which network coordination is cost-minimizing. If both boundaries remain interior, the

network region expands strictly whenever the corresponding derivative of C s strictly neg-

ative.

Proof. The market—network boundary is defined by

Dyn(z;0) = 0.

By the implicit function theorem,

dZMN . 8DMN/80k

d@k - 8DMN/82 .
For Hk = P,
ODynN B dC%
ap — ap -V
Since
0Dy
0
0z ’
we obtain
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dZMN

> 0.
dP
The same argument gives
dz MN
> 0.
dA
For the network—hierarchy boundary,
D N H(Z 3 (9) = 0,

and therefore

dZNH . _8DNH/8(9k

Since
O0Dng _dCy
ap ~ ap "
and
aDNH/aZ <0
we obtain
dznu
IP > 0.
Analogously,
dznH
7A > 0.
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Thus the interval of z values for which

Cn(z0) < min{Cy,(2), Cy(2)}

expands weakly with P and A, and strictly when the relevant cost effect is strict. O

5.7 General-Purpose Coordination and Organizational Scale

The parameter A differs from a conventional sector-specific productivity parameter because it
increases the effectiveness of coordination capacity across a broad set of productive activities.

Suppose the coordination requirement z varies across activities according to a distribution

Fz(Z)

Let

Qv (0)

denote the network region defined in equation (5.3). The aggregate share of activities

coordinated through networks is

Under the conditions of Proposition 1,

0SN >0, 0SN >0
orP — 0A —

If the distribution of coordination requirements assigns positive probability to the margins

at which the organizational boundaries move, then the inequalities are strict:
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OSN 0SN

a—P>O, a_A>0

Thus improvements in portable or general-purpose coordination technology can increase
the equilibrium prevalence of network organization.

This result does not imply that firms become uniformly smaller.

The direction of organizational scale depends on which boundary is being considered. A
network can replace a hierarchical boundary while simultaneously creating a larger effective
coordination system.

Consequently, the theory distinguishes:

ownership scale

from

coordination scale.

5.8 Organizational Scale and Concentration

Let

SF

denote the average scale of an ownership unit and

Sc

the average scale of the coordination system to which a productive agent has access.

The theory places no general sign restriction on
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05 95c
oP’ orP

Indeed, the defining possibility of network organization is

oSk

p Y

together with

This is not a contradiction. A decline in ownership scale can occur because productive
agents no longer need to be jointly owned in order to access the coordination capacity
required for production.

Similarly, general-purpose coordination capital can increase the effective scale of the
coordination system while leaving the ownership structure fragmented.

The model therefore rejects the presumption that technological progress has a single

organizational-scale effect.

Instead,

technological progress can expand coordination scale while reducing ownership scale.

Whether this occurs in equilibrium depends on the network-formation and ownership

responses derived in Section 7.

5.9 The Role of Increasing Returns

The parameter v deserves separate treatment because it affects the network not only through

the level of coordination capacity but through its response to scale.
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For provider j,

_ Y
Kj = Aa]nj.

The elasticity of coordination capacity with respect to participant scale is

8long o

dlogn;
Hence v has a direct interpretation as the scale elasticity of coordination provision.

When

v <1,

coordination capacity exhibits decreasing returns to provider scale.

When

v=1

coordination capacity is proportional to provider scale.

When

v > 1,

coordination capacity exhibits increasing returns.

The latter case creates the possibility that larger coordination providers become dispro-
portionately productive as participation expands.

However, increasing returns alone do not imply that equilibrium coordination concentra-
tion must increase.

That conclusion additionally requires an equilibrium mechanism through which partici-

pants are allocated across providers and provider-level productivity differences affect those
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allocations.

This distinction is deliberate. Section 7 derives that mechanism explicitly.

5.10 A First Organizational-Boundary Result

The preceding analysis yields a preliminary boundary result.

Proposition 2 (Technological expansion of network organization). Suppose the market and
hierarchical coordination costs are invariant to P, A, and vy, and suppose the equilibrium

network cost satisfies

acs, acs,

7P <0, A < 0.

Suppose further that the market-network and network-hierarchy boundaries are reqular
interior solutions. Then increases in P or A expand the set of coordination requirements for
which network coordination is optimal.

If, in addition,

dcy,
dry

< 0,

then an increase in 7y also expands the network region.

Proof. Immediate from Proposition 1 and the implicit-function characterization of the two

organizational boundaries. O]

This proposition establishes the first comparative-static implication of the new theory:

improvements in the technology of distributed coordination can move activities from markets or hierarch

The proposition is intentionally weaker than a claim about concentration or ownership
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structure. Those outcomes depend on the endogenous structure of the network itself.

5.11 Limits of the Comparative Statics

Three qualifications are important.

First, the sign of the total effect of a technological parameter on network coordination
cost need not equal its direct effect. A technological improvement can induce changes in
network topology that alter coordination costs in either direction.

Second, the expansion of the network region does not imply that networks become more
concentrated. Network entry, multi-homing, heterogeneous provider productivity, and in-
creasing returns can generate different concentration responses.

Third, nothing in the comparative statics implies that network organization dominates
hierarchy at all levels of coordination intensity. If hierarchical coordination has sufficiently

strong advantages at high levels of interdependence, the network region can remain bounded:

ZMN < ZNH-

The resulting organizational structure is therefore potentially ordered as

M—N-—H

as coordination requirements increase.

This ordering is not imposed by the model. It emerges when the corresponding cost
functions satisfy the regularity conditions above.

The possibility of a non-monotone ordering, multiple organizational transitions, or dis-

continuous changes is left to the network-formation analysis.

5.12 Summary

The main comparative-static results can be summarized as follows.
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1. Greater portability P lowers the direct cost of persistent cross-boundary coordination.

2. Greater general-purpose coordination productivity A increases the capacity of a given

network to satisfy coordination requirements.

3. Greater scale elasticity v increases the productivity of sufficiently large coordination

systems.

4. Consequently, under regularity conditions, increases in P and A expand the region in
which network coordination is preferred to both decentralized market exchange and

hierarchical integration.

5. These results concern organizational boundaries and coordination scale. They do not

by themselves determine the concentration of coordination provision.

The last distinction is essential. The network can become more economically important
without becoming more concentrated, and increasing returns can generate concentration
only when they interact with an equilibrium allocation mechanism.

Section 7 supplies that missing mechanism. It characterizes equilibrium network for-
mation, derives the conditions under which increasing returns generate provider concentra-
tion, and establishes the relationship between coordination concentration and the ownership

boundary.

6 Relation to Existing Theories of the Firm

The framework developed above is intended as a general theory of organizational choice
rather than as a theory specific to any particular technology. Its novelty lies in introducing an
endogenous coordination infrastructure that can extend beyond the boundaries of productive
ownership. This section relates the framework to the principal traditions in the theory of
the firm, organizational economics, network economics, platforms, and technological change

?Williamson (1975, 1985); Jackson (2008); Rochet and Tirole (2003).
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The objective is not to collapse these traditions into a single mechanism. Rather, the
framework identifies the common organizational problem to which their principal insights
correspond and then introduces a margin that is absent, or not central, in the canonical

formulation: the independent provision of persistent coordination capacity.

6.1 Transaction-Cost Economics

The transaction-cost tradition explains organizational boundaries by comparing the costs
of coordinating economic activity through markets with the costs of coordinating the same
activity within an organization ?Williamson (1975, 1985).

In the present framework, this logic is represented by the comparison between

Cy(z) and Cj(2).

Market exchange is preferred when

Chu(2) < Cx(2),

while hierarchical organization is preferred when

Chu(z) < Cu(2).

The canonical market—hierarchy boundary is therefore a special case of the general orga-

nizational problem

C*(z;0) = min CX(z;6).

oe{M,N,H}

A persistent network can reduce coordination costs through

C(z0) < min{Cy(2), Cy(2)},
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without requiring productive agents to surrender independent control rights.

The relevant comparison is therefore

M vs. N vs. H.|

6.2 Team Production and Coordination

Team-production theories emphasize that production may require the contributions of mul-
tiple agents whose actions cannot be perfectly separated or monitored Alchian and Demsetz
(1972); Holmstrom (1982).

Let

q:(Ql>"'7Qn)

denote the vector of productive actions. The resulting output

F(q)

may depend on interactions among agents.

Under network organization, coordination can be implemented through a persistent in-

frastructure whose capacity is

KN<G, A, ")/> = AZ ajnj(G)W.
J

This distinction allows team production and network coordination to coexist without
conflating them: team production describes the technology, while network organization de-

scribes the coordination mechanism.
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6.3 Property Rights and the Allocation of Control

The property-rights tradition emphasizes ownership and residual control rights when con-
tracts are incomplete Grossman and Hart (1986); Hart and Moore (1990).

Let R; denote the residual control rights allocated to agent ¢, and let IIr represent the
ownership partition. The canonical property-rights environment associates ownership with

coordination:

The network environment permits

creating a boundary gap

Ap(i) = p(Bo(i; G*) \ Br(i; 1Tp)).

Thus, ownership determines control rights, while coordination technology determines how

far interdependence can extend beyond ownership.

6.4 Organization Design

Organization-design models study how authority, information, incentives, and interdepen-
dencies jointly determine structure Milgrom and Roberts (1990); Rajan and Wulf (2006);
Aghion and Tirole (1997).

Here, the decision problem additionally includes whether the coordination infrastructure

itself should be internalized. Let
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CM ) CN ’ CH

denote the costs of the three architectures. The network architecture introduces a sep-
arable coordination technology Ky (G; A,~), allowing coordination capacity to be accessed

without acquiring productive agents.

6.5 Networks and Relational Organization

The network-economics literature studies how outcomes depend on relationship structure
Jackson and Wolinsky (1996); Jackson (2008). Here, the network is itself an organizational

technology:

G*(2:0),

chosen in response to coordination requirements.

6.6 Platforms

Platforms are a special case of network coordination Rochet and Tirole (2003); Armstrong
(2006). A platform corresponds to coordination providers j € J with participant sets N;(G),

and capacity

R nY
KJ—AaJnj.

Thus,

platform C network coordination architecture.
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6.7 Technological Change and the Firm

Technological change alters coordination costs independently of production technology. The

structural vector

0= (P,A,~)

captures portability, productivity, and scale elasticity of coordination.

6.8 Social Media as Coordination Technology

Social media increases portability P and potentially scale elasticity ~, allowing decentralized

agents to participate in large coordination systems.

6.9 Artificial Intelligence as Coordination Capital

AT increases coordination productivity (A) and may increase scale elasticity (). Distin-
guishing these effects separates general-purpose productivity gains from scale-concentration

effects.

6.10 Framework Contribution

The framework introduces a common margin:

coordination provision
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separating ownership boundaries from coordination boundaries:

Ir # I1(G).

6.11 Summary

Mapping to traditions:

. * *
Transaction costs s Chr

Team production z

Property rights g
Network economics G*
Platforms J

N
N
N

Organization design ~— control + coordination
o
—
— (P A7)

Technological change

Distinctive implication:

ownership boundary # coordination boundary

The next section makes this distinction operational by solving the endogenous network-
formation problem and determining when the technology of coordination generates concen-

tration in coordination provision even as productive ownership becomes more decentralized.
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7 Endogenous Network Formation and the Organiza-
tional Boundary

Sections 4-5 treated the network architecture as an organizational technology and derived
the comparative statics of organizational choice conditional on its equilibrium cost. Sec-
tion 6 showed that the resulting framework extends the canonical market—hierarchy problem
by separating the boundary of productive ownership from the boundary of economic coor-
dination.

This section closes the model by making the coordination network endogenous. Agents
choose whether and through whom to participate in persistent coordination relationships.
The resulting equilibrium determines both the network architecture and the organizational
boundary.

The analysis yields three results. First, under standard regularity conditions, the network-
formation problem admits a stable equilibrium characterized by sorting toward more pro-
ductive coordination providers when scale economies are sufficiently strong. Second, the
resulting network determines an endogenous boundary between market exchange, network
coordination, and hierarchy. Third, and most importantly, the concentration of coordina-
tion provision need not coincide with the concentration of productive ownership. Under a
transparent set of conditions, technological improvements can therefore increase coordination

concentration while reducing ownership concentration.

7.1 The Network-Formation Environment

Consider a continuum of productive agents indexed by i € [0,1]. Agent i has productive

type

leQgR+,
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where w; captures productivity, specialization, or the value of participating in a coordi-
nation system.

There is a finite set of potential coordination providers

J={1,...,J}

Provider j has coordination productivity

aj>0.

An allocation is a measurable assignment

g:10,1] - J U {0},

where ¢(i) = j means that agent i participates in provider j, while g(i) = 0 denotes
decentralized market coordination.

Let

ni(g) = p{i: g(i) =j}

denote the measure of agents assigned to provider j.

The coordination capacity of provider j is

Kj(g; A,7) = Aa;n;(g).

This specification preserves the distinction established in Section 5: A shifts the produc-
tivity of coordination capacity, while v determines its elasticity with respect to the scale of
participation.

For an agent of type w, the gross benefit from participating in provider j is
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where

BK>O.

The agent’s participation cost is

cj(w),

which may incorporate access costs, compatibility costs, switching costs, or provider-
specific contractual terms.

The net payoff from provider j is therefore

uj(w; g) = B(w, Kj(g; A, 7)) — ¢j(w).

The market alternative yields

upr(w).

Agents choose the coordination architecture that maximizes net payoff.

7.2 Equilibrium Network Formation

An allocation ¢g* constitutes a network-formation equilibrium if, for almost every agent i,

*(i) € arg max wu;(w;; g").
g°(i) € arg max u;(wi; g7)

The equilibrium is therefore a fixed point: provider participation determines provider

scale, provider scale determines coordination capacity, and coordination capacity determines
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participation.
This feedback is the source of endogenous network effects.

Define the participation advantage of provider j over the market as

Aj(w; g) = B(w, Aajn;(g)") — ¢;(w) — unm(w).

An agent participates in provider j whenever

Aj(w;g) >0

and provider 7 yields the highest payoff among available alternatives.

7.3 Existence

The following result provides the basic existence condition.

Proposition 3 (Existence of network-formation equilibrium). Suppose that Q@ is compact,
B(w, K) is continuous in both arguments, Byx > 0, participation costs are continuous, and
the induced best-response correspondence is nonempty and upper hemicontinuous. Then a

network-formation equilibrium exists.

Proof. The set of feasible participation allocations is compact under the weak topology on
measurable assignments. Continuity of B and of participation costs implies that the induced
payoff correspondence is upper hemicontinuous. By the standard fixed-point theorem for
compact, convex-valued correspondences, a fixed point of the best-response correspondence

exists. u

The proposition is deliberately stated at a high level. The economically important results

concern the structure of equilibrium rather than existence alone.
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7.4 Sorting and Provider Scale

Suppose that provider j is more productive than provider k:

a; > Q.

The scale effect generated by v determines whether this productivity difference is ampli-
fied as participation grows.

Consider two agents with types

/
w > Ww.

Suppose that the marginal value of coordination capacity is increasing in type,

Bk, > 0.

Then higher-productivity agents place greater value on additional coordination capacity.

The following sorting result is useful.

Proposition 4 (Positive sorting into productive coordination networks). Suppose

BKw > 0,

and suppose provider participation costs satisfy a single-crossing condition in which

0
— [6(w) — @)

1s weakly monotone. Then equilibrium participation can be represented by cutoffs in w.
In particular, when a; > ai, sufficiently strong single crossing implies that the set of types

preferring j to k is an upper interval.

Proof. The payoft difference between providers j and k£ is
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u; — up, = B(w, Aajn;-) — B(w, Aagn]) — [¢;(w) — cx(w)].

Because a; > a; and Bg,, > 0, the benefit from the productivity difference is increasing
in w. The single-crossing condition therefore implies that the payoff difference crosses zero

at most once. Hence the set of types preferring j is an upper interval. O

The proposition does not require increasing returns.
Increasing returns become important when determining the stability and concentration

of provider scale.

7.5 Increasing Returns and Concentration

Consider the symmetric case in which providers have identical participation costs and pro-

ductivity,

Suppose for simplicity that a representative participant receives

B(K) = bK

from coordination capacity. Then the benefit from provider j is

baAn;-’.

The marginal effect of participation on the capacity available to every existing participant

is

oK;
(9nj J
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The sign of the second derivative is

PK; 9
(9712] = Aay(y —1)nj "
j
Hence:
v<1 = Kjis concave in n;,
while

v>1 = Kjisconvex in n;.

The latter creates a force toward concentration.

In particular, when

v > 1,

a provider that acquires an initially larger participant base enjoys a coordination-capacity
advantage that increases with its scale.

This generates a coordination analogue of increasing returns in production.

7.6 A Network-Concentration Result

Let

nj
>k Mk

denote the share of network-coordinated agents associated with provider j, and define

r; =

the Herfindahl concentration index
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The following result characterizes the force generated by increasing returns.

Proposition 5 (Increasing returns generate a concentration force). Suppose that coordina-

tion capacity 1s

Jp— nY
K; anjnj

with v > 1, and suppose provider payoffs are increasing in K;. Consider two providers
7 and k with equal productivity and positive participation. A perturbation that transfers a
sufficiently small mass of participants from the smaller provider to the larger provider raises
the coordination-capacity advantage of the larger provider.

Consequently, an interior symmetric allocation is unstable whenever the coordination-

capacity feedback dominates the direct participation cost difference.

Proof. Let n; > ng. A transfer € > 0 from k to j changes the capacity difference by

AK = Aa|[(nj+¢) — (ng —e)” —n] +n]] .

Differentiating with respect to € at zero gives

Because v > 1, the marginal capacity contribution of the larger provider is increasing in
its scale. Thus the transfer increases the relative capacity advantage of the larger provider.
If the resulting payoff increase exceeds the corresponding participation-cost differential, the
perturbation is profitable. Hence the symmetric interior allocation is unstable under the

stated dominance condition. ]
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The proposition establishes a force toward concentration but not a universal monopoly
result.

Entry costs, heterogeneous productivity, congestion, multi-homing, and provider-specific
participation costs can prevent complete concentration.

The relevant prediction is therefore

’7 T = stronger endogenous concentration forces,

not

7.7 The Endogenous Organizational Boundary

The network-formation equilibrium determines the endogenous network cost

CyN(z0) =Cy (2,G*(2;60);0) .

The organizational problem is therefore

C*(20) = min {C(2), O (2;0), Cy ()}

Define

Diin(2:0) = C§ (2:8) — Oy (2)

and

Dyp(z0) = Cp(z) — Oy (%0).
The organizational boundaries satisfy
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Dyin(2arn;0) =0

and

DNy (2yg: ) = 0.

We can now state the central boundary result.

[General organizational-boundary theorem| Suppose that:

1. C}(2) and C(z) are continuous and differentiable;

2. C}(#;0) is continuous and differentiable in a neighborhood of an interior pair

*ok Kk
ZMN < ZNH>

3. at the market-network boundary,

8 *kk *
9 (CNy —Cy) >0

4. at the network-hierarchy boundary,

a * *3k
a(CH_CN) < 0.

Then there exists a neighborhood of the equilibrium in which the organizational allo-

cation is locally ordered as

M — N — H,

with the boundaries satisfying
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dziin _ 00 (CK — Cip)
db), 0,(Cr — Cy)

and

dzyy _  00,(Ch = CF)

doy, 2.(Cx —Cx)

Thus the organizational boundaries are endogenous functions of both the coordination tech-

nology and the equilibrium network.

Proof. The regularity conditions imply that the two boundary equations satisfy the con-
ditions of the implicit function theorem. Hence each boundary is locally a differentiable

function of 6.

The assumed signs of the derivatives with respect to z imply that the market-network

and network—hierarchy crossings are locally unique. Since

k% EX3
ZMN < ZNH>

there exists an interval

z € (ZX;N’ZE(H)

in which

Oy (2:0) < min{C},(2), C(2) -

Thus network coordination is locally optimal on that interval, yielding the ordering

M— N— H.

The comparative-static expressions follow directly from the implicit function theorem. [
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The theorem is deliberately a local result. It does not impose global single-crossing
conditions that would rule out multiple organizational transitions.
That restriction is important because heterogeneous coordination providers, network con-

gestion, and increasing returns can generate non-monotone organizational costs.

7.8 Ownership and Coordination Boundaries

The central conceptual distinction of the theory can now be stated formally.

Let

I
denote the partition of productive agents into ownership units, and let
G*

denote the equilibrium coordination network.

Define ownership concentration as

M
Hp =) sm
m=1
where s, is the share of productive activity belonging to ownership unit m.

Define coordination concentration as

where 7; is the share of network-coordinated activity associated with provider j.

There is no general identity between these quantities:

Hp # He.
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More importantly, the model permits them to move in opposite directions.

To characterize this formally, consider a technological parameter 6. Then

dHp
doy,
captures the effect of technological change on ownership concentration, while

dH¢
doy,

captures its effect on coordination concentration.

7.9 The Coordination—-Ownership Separation Result

Suppose that an increase in portable coordination technology reduces the coordination ad-
vantage of common ownership.

Formally, suppose that for a relevant set of activities,

a * *ok
5p [Cn(2) = OF (5 P, A7) > 0.

Then increasing P expands the set of activities for which network coordination dominates
hierarchical integration.

At the ownership margin, suppose that the cost of maintaining a separate ownership unit
is lower when coordination can be supplied externally. Let the net ownership-integration
cost be

I(z, P),

with

IP<O.
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Then an increase in P weakly reduces the incentive to combine productive agents under
common ownership.

The following theorem formalizes the resulting separation.

[Coordination—ownership separation| Suppose that, over an interval of coordination re-

quirements, the following conditions hold:

1. an increase in portability P weakly lowers equilibrium network coordination cost;

2. the network—hierarchy boundary is regular and shifts toward higher coordination re-

quirements as P increases;

3. external network coordination reduces the relative cost of independent ownership, so
that

Ip <0

4. ownership concentration is strictly decreasing in the prevalence of independent owner-

ship units.

Then, over any interval in which the relevant boundaries remain interior,

dH
r
ap =

whenever portability induces a positive measure of activities to separate from common

ownership, while
dHc
dP
is positive whenever the induced expansion of the network generates a sufficient increase

in provider participation concentration.

Hence there exist parameter regions in which
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dH dH
E <0 and c

aP ap

In such regions, technological progress simultaneously decentralizes productive ownership

and concentrates coordination provision.

Proof. By condition 2 and Theorem 7.7, an increase in P expands the set of activities for
which network coordination dominates hierarchy.

Condition 3 implies that external coordination reduces the relative cost of maintaining
independent ownership. Therefore, whenever the boundary crosses a positive-measure set of
activities, the mass of productive activity held under separate ownership increases.

By condition 4, this strictly reduces ownership concentration:

aty

The effect on coordination concentration is not mechanically signed. However, when the
expansion of network participation is accompanied by increasing provider-level returns or
sufficiently strong sorting toward high-productivity providers, Proposition 5 implies that the
dispersion of provider shares can decrease.

Thus, for parameter values in which the concentration force dominates the equalizing

effect of network expansion,

dHe

0.
ar

Both inequalities can therefore hold simultaneously. O

The importance of the theorem is not that the opposite-signed derivatives must always
occur. They do not.
The theorem instead establishes that the two concentration measures are structurally

distinct and identifies a nonempty parameter region in which they move in opposite direc-
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tions.

This is the central organizational implication of the model.

7.10 General Coordination-Scale Decoupling

The previous theorem concerns concentration. The same logic applies to organizational scale.

Let

S

denote average ownership-unit scale and

Sc

denote the scale of the coordination system accessible to a productive agent.

The network architecture permits

Sp # Se.

Under the conditions of Theorem 7.9, a rise in portability can reduce the need for common
ownership while increasing the number of agents coordinated through the same network.

This yields the following corollary.

[Decoupling of ownership and coordination scale] Under the conditions of Theorem 7.9,
suppose additionally that network participation expands with P. Then there exists a pa-

rameter region in which

dSr dSc

ﬁ<0 and ﬁ>0

Thus technological progress can simultaneously reduce the scale of the average ownership

unit and increase the scale of the coordination system.
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Proof. The first inequality follows from the reduction in the need for common ownership
implied by condition 3 of Theorem 7.9. The second follows from the expansion of network

participation and the definition of S as the scale of the coordination system. ]

7.11 A General Concentration Decomposition

The preceding result can be sharpened by decomposing changes in coordination concentra-
tion.

Recall

Differentiating gives

dHe =2 " rjdr;.

J

The provider share can be decomposed into an entry component, a reallocation compo-

nent, and a scale component. Writing

drj = dTJE + drjR + drf,

we obtain

dHe =2 Z rjdr]E +2 Z rjdrf” +2 Z rjdrf.
J J J

The three terms have distinct interpretations.

The entry component captures changes in the number of active coordination providers.
The reallocation component captures movement of participants across existing providers.
The scale component captures changes in the relative scale of providers.

Technological progress can therefore affect concentration through several channels that
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need not have the same sign.

In particular, portability may increase network entry and thereby reduce concentration
while increasing returns simultaneously induce sorting toward large providers and increase
concentration.

The sign of

dH¢
dP

is therefore an equilibrium object rather than a primitive prediction.

This is why the concentration theorem above is stated as a conditional result.

7.12 A Limiting Case: Recovery of the Canonical Firm

The framework collapses to the canonical theory when the coordination network cannot
economically substitute for ownership.

Suppose

and

A—0.

Then network coordination capacity vanishes:

K; — 0,

and therefore

Cy(z;0) = o0
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for positive coordination requirements.

The organizational problem becomes

C™(2) = min {C},(2), Cx(2)}-

The canonical market—hierarchy theory is therefore recovered as a limiting case.

The new theory can consequently be represented schematically as

Canonical firm theory = zero-effective-network limit of the general model.

This nesting property is important for interpretation. The model does not discard the
canonical theory; it identifies the conditions under which its binary organizational boundary

ceases to exhaust the feasible set.

7.13 What the Network-Formation Result Establishes

The endogenous network analysis establishes four propositions about the organization of
production.

First, coordination networks are not merely exogenous technological environments. Their
scale and structure are equilibrium outcomes of participation decisions.

Second, increasing returns in coordination provision create a force toward concentration,
but do not by themselves imply monopoly.

Third, the organizational boundary is endogenous to the equilibrium network:

zyn = Zan(0), Ny = 2w (0).

Fourth, ownership concentration and coordination concentration are distinct equilibrium

objects:
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The resulting possibility,

|Hp |  while  Hc1,|

is the sharpest departure from the canonical theory.

It implies that a world with increasingly decentralized productive ownership can never-
theless become increasingly dependent on a small number of coordination infrastructures.

This possibility is especially relevant when technological progress raises the portability,
productivity, or scale elasticity of coordination.

The theory therefore predicts that technological change may alter not simply the size
of firms, but the relationship between ownership, coordination, and economic concentration
itself.

The empirical implications of these results are developed in the next section.

8 Empirical Implications and Measurement

The preceding sections developed a theory in which the technology of coordination affects
organizational boundaries through an endogenous network of coordination providers. The
principal theoretical implication is that productive ownership and coordination provision
are distinct equilibrium objects. Consequently, empirical work motivated by the model
should distinguish changes in the concentration of productive ownership from changes in the
concentration of the infrastructures through which production is coordinated.

This section develops the empirical implications that follow directly from the model.
It distinguishes theorem-backed predictions from broader hypotheses that would require

extensions of the baseline framework.

8.1 Structural Objects

The model is governed by the structural vector

82



0= (P A,~).

These parameters have distinct economic interpretations.

The parameter

P

measures the portability of coordination capital across ownership boundaries. It affects

the cost

7(P)

of sustaining persistent coordination relationships without common ownership.

The parameter

A

measures the productivity and generality of coordination capacity once a coordination
infrastructure is deployed.

The parameter

v

measures the elasticity of coordination capacity with respect to provider scale:

Ologn;
These objects are structural primitives rather than directly observed variables. Empirical

analysis therefore requires either proxies or structural estimation.
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The principal equilibrium outcomes are

G*a 0*7 HFv HC'a AB-

The theory is most naturally tested through the joint behavior of these objects rather

than through any single outcome.

8.2 Prediction 1: Expansion of Network Organization

Proposition 1 and Theorem 7.7 imply that improvements in portable or general-purpose
coordination technology expand the set of activities for which persistent network coordination

is optimal, under the regularity conditions stated there.
Let
SN

denote the share of productive activity organized through persistent networks.

Then the model predicts

9y _, O

ap % gl

whenever the organizational boundaries remain interior and the relevant technological
improvements lower equilibrium network coordination cost.

The empirical counterpart is an increase in productive activity coordinated through per-
sistent cross-boundary infrastructures rather than exclusively through spot markets or ver-
tically integrated firms.

Examples of empirical measures include the share of transactions mediated by long-lived
digital coordination systems, the prevalence of independent contractors operating through
persistent networks, or the fraction of productive relationships maintained outside common

ownership.
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8.3 Prediction 2: Decoupling of Ownership and Coordination Bound-
aries

The central new object introduced by the theory is the organizational-boundary gap

Ap.

Recall that

Ap = wa (Bo(i;G*)\ Br(i;1r)) .

The model predicts that improvements in the technology of distributed coordination can

increase this gap:

0Ap >0, 0Ap
orP —

>
0A 20,

under the conditions that expand network organization.

This prediction is distinct from a prediction about firm size.

A productive agent may remain outside a common ownership unit while becoming more
deeply embedded in a persistent coordination system.

Empirically, this suggests measuring the difference between ownership relationships and
economically relevant coordination relationships. Examples include supplier networks, soft-
ware ecosystems, professional communities, creator networks, or other infrastructures in

which participants remain legally independent while coordinating repeatedly.

8.4 Prediction 3: Divergence of Ownership and Coordination Con-

centration

Theorem 7.9 establishes that there are parameter regions in which technological progress

simultaneously reduces ownership concentration and increases coordination concentration.

85



The signature prediction of the model is therefore

dH dH
F <0 and ¢

ap ap =0

for economies satisfying the conditions of the theorem.

This is a joint prediction.

The theory does not predict that ownership concentration must always fall or that co-
ordination concentration must always rise. Instead, it predicts that the two measures need
not move together and identifies conditions under which they move in opposite directions.

Empirical analysis should therefore examine the covariance between

Hp

and

He

rather than relying on ownership concentration alone.
The relevant coordination providers may include platforms, digital infrastructures, en-
terprise software systems, cloud services, or other organizations that supply persistent coor-

dination capacity.

8.5 Prediction 4: Increasing Returns and Coordination Concen-

tration

Proposition 5 establishes that increasing returns in coordination provision create a force
toward concentration.

The prediction is not
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y>1= Hs=1.

Entry, congestion, multi-homing, and heterogeneous provider costs can offset the concen-
tration force.

The theorem-backed prediction is instead

larger v = stronger endogenous concentration forces in coordination provision.

Empirically, sectors in which coordination capacity scales more than proportionally with
participant base should exhibit stronger tendencies toward concentration among coordination
providers, all else equal.

This prediction concerns the concentration of coordination infrastructure, not necessarily

the concentration of productive firms.

8.6 Prediction 5: Heterogeneous Effects Across Activities

The organizational boundaries depend on the coordination requirement

Consequently, the effects of improvements in P or A should be heterogeneous across
activities.

Activities near the market—network boundary are the most likely to move from market
coordination into persistent networks.

Activities near the network—hierarchy boundary are the most likely to move from hierar-
chy into network coordination.

Activities far from either boundary should be relatively unaffected.
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The model therefore predicts that technological improvements in coordination should
have the largest organizational effects for activities with intermediate coordination require-
ments rather than uniformly across the economy.

This heterogeneity is a direct implication of the boundary formulation and provides a
natural basis for empirical designs exploiting variation in coordination intensity across tasks

or industries.

8.7 Prediction 6: Threshold Effects

The baseline model allows increasing returns in coordination provision through

J— nY
KJ—AaJnj.

When these increasing returns interact with participation decisions, network-formation
equilibria can exhibit multiple locally stable allocations.

The theory therefore permits threshold effects:

small technological changes may produce discrete organizational changes

when the economy crosses a network-formation threshold.

This prediction is conditional rather than universal. It requires that the network-formation
feedback be sufficiently strong to generate multiple local equilibria or instability of interior
symmetric allocations.

Empirically, this suggests looking for nonlinear responses in organizational form around
technological or institutional changes that materially reduce the cost of distributed coordi-

nation.

8.8 Measurement of Ownership Concentration

Ownership concentration is the more familiar empirical object.
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Let

Sm

denote the share of productive activity or value added controlled by ownership unit m.

Then

HF = Z 57271'
m
Depending on the application, s,, can be measured using employment, revenue, value
added, assets, or output.

The theory does not require a particular ownership measure, provided the same measure

is used consistently over time.

8.9 Measurement of Coordination Concentration

Coordination concentration is less conventional and is therefore one of the paper’s empirical
contributions.

Let

denote the share of economically relevant coordination capacity supplied by provider j.

Then

HC == ZT’?
J

The appropriate empirical measure depends on the application.

Possible proxies include:

e the share of transactions mediated by a coordination provider;
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the share of users relying on a common digital infrastructure;

the share of productive relationships organized through a common platform;

the share of enterprises using a common enterprise coordination system;

the share of network interactions passing through a provider.

These measures need not coincide with ownership shares.

Indeed, the theory predicts that they may diverge systematically.

8.10 Measurement of the Boundary Gap

The organizational-boundary gap

Ap

requires observing both ownership relationships and coordination relationships.

Let

O

denote the graph of ownership relationships and

the graph of economically relevant coordination relationships.
A sample analogue of the boundary gap can be constructed by measuring the fraction of
coordination links that connect agents belonging to different ownership units.

For example,

~ _c\O|
Ap=—1—.
T
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This measure equals zero when economically relevant coordination is entirely contained
within ownership boundaries and rises as coordination increasingly crosses those boundaries.
The boundary-gap measure is potentially useful because it directly captures the theoret-

ical distinction between ownership and coordination.

8.11 Structural Estimation

Because

P, A v

are latent primitives, reduced-form regressions alone cannot identify them without addi-
tional assumptions.

A structural approach would proceed by specifying the network-formation model

G*(z;0)

and estimating the parameter vector

0= (P A"

from observed participation decisions, provider scales, and organizational boundaries.

The relevant moments could include:
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network participation rates,
provider size distributions,
ownership-unit size distributions,
coordination concentration Hg,
ownership concentration Hp,
and boundary-gap measures Ag.

The model is particularly well suited to environments in which both organizational struc-

ture and network participation can be observed.

8.12 Reduced-Form Tests

When structural estimation is infeasible, the theory still suggests a reduced- form empirical
strategy.

Suppose an observable proxy

Py

captures changes in portable coordination technology.

One may estimate

Yii=a; + X\ + 5151‘75 + Xi,p + €ir,

where Y}, is one of the equilibrium outcomes predicted by the model.

The most direct outcomes are

SNa AB; HF, HC

The theory predicts a coherent pattern across these outcomes rather than a single coef-
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ficient.
In particular, a change that genuinely increases portable coordination should, under the

conditions of the model, be associated with

SN Ta

AB Ta

and, in the parameter region described by Theorem 7.9,

HF\L: HCT

Observing this joint pattern would provide considerably stronger evidence for the theory

than observing any one outcome in isolation.

8.13 Distinguishing the Theory from Conventional Productivity
Shocks

A conventional productivity shock raises the productivity of production.
The theory developed here predicts a different empirical pattern because the shock op-
erates through coordination.

A pure production-productivity improvement need not increase

Ap

or expand the network region.
By contrast, an improvement in P or A should affect organizational boundaries even if
the underlying production technology remains unchanged.

This distinction suggests a way to separate the theory empirically from standard produc-
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tivity explanations.
Technological changes that primarily affect communication, information portability, or
coordination capacity should have stronger effects on organizational structure than technolo-

gies that merely increase the efficiency of a particular production process.

8.14 Summary of Theorem-Backed Predictions

The principal empirical implications of the model are summarized below.

Prediction Theoretical implication
Network expansion Higher P or A expands the set of activities for
which persistent network coordination is optimal.

Boundary decoupling  The coordination boundary can expand beyond the
ownership boundary, increasing Ag.

Concentration diver- There exist parameter regions in which ownership

gence concentration falls while coordination concentra-
tion rises.
Increasing returns Higher ~ strengthens endogenous concentration

forces among coordination providers.

Heterogeneous effects ~ Organizational changes are largest for activities
near the market-network or network-hierarchy
boundaries.

Threshold effects Strong network feedback can generate discon-
tinuous organizational changes around network-
formation thresholds.

Table 1: Theorem-backed empirical implications of the model.

These predictions are deliberately narrower than a list of general consequences of social
media or artificial intelligence.

They arise from the structural distinction between productive ownership and coordination
provision.

The central empirical question posed by the theory is therefore not simply whether new
technologies make firms larger or smaller. It is whether they alter the relationship between
the ownership of productive activity and the infrastructures through which that activity is

coordinated.
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The remainder of the paper discusses the broader economic implications of this distinction

and the limits of the baseline framework.

9 Economic Implications and Limits

The preceding analysis establishes a general organizational framework in which productive
ownership and economic coordination are distinct margins. The distinction is consequential
because technological change can affect these margins differently. This section draws out the
broader implications of the framework and clarifies the limits of the baseline model.

The central implication is not that markets, networks, or hierarchies are inherently supe-
rior organizational forms. Rather, the optimal boundary of the firm depends on the relative
technologies through which economic activity can be coordinated. When coordination be-
comes portable, productive, and scalable, the boundary of ownership need not remain the

natural boundary of coordination.

9.1 The Firm as an Ownership Institution

The canonical theory of the firm treats the firm primarily as an alternative to market ex-
change for organizing transactions.
The present framework retains this interpretation but separates two questions that are

often jointly embedded in the canonical formulation:

1. Who owns the productive assets and retains residual control rights?

2. Through what infrastructure are economically interdependent agents coordinated?

In the baseline model, these questions need not have the same answer.

Let
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denote the ownership partition and

G*
the equilibrium coordination network.
Then an economic system can exhibit
IIr # II(G").

This possibility does not eliminate the firm as an economic institution.

Ownership remains important because it determines residual control, investment incen-
tives, and the allocation of decision rights. What changes is the relationship between own-
ership and coordination.

The firm is therefore no longer necessarily the smallest natural unit within which all

economically important coordination occurs.

9.2 Coordination as a General-Purpose Input

A central implication of the framework is that coordination itself can be treated as a pro-
ductive input.

The coordination technology is

R nY
KJ—AaJnj.

This formulation is deliberately analogous to a production technology. It implies that
coordination capacity can be produced, accumulated, deployed, and supplied to multiple
productive agents.

The economic significance of this observation is that a coordination provider can specialize
in producing coordination capacity without owning all of the productive assets that use it.

This creates a division of labor between

96



production

and

coordination provision.

The distinction is conceptually broader than the existence of platforms. Platforms are
one institutional form through which coordination capacity may be supplied.

The deeper implication is that the economy can support specialization not only in the
production of goods and services but also in the production of the organizational infrastruc-

ture through which other producers coordinate.

9.3 A New Source of Economies of Scope

The general-purpose nature of coordination capacity creates a potential source of economies
of scope.

Suppose a coordination provider can support multiple productive activities using the
same underlying infrastructure.

Let

L v
Kj = A (Z ’l”Ljf) s
=1
where n;, denotes participation associated with productive activity ¢.
Then the same coordination infrastructure can potentially be reused across activities.
This creates a distinction between activity-specific economies of scale and general-purpose

coordination economies.

A conventional production technology may exhibit

Fy(zy)
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for each activity ¢, while a common coordination infrastructure generates

Kj = Kj(’l’l,jl, e ,njL).

If coordination capacity is sufficiently general-purpose, the marginal cost of coordinating
an additional activity can fall as the total number of activities served by the infrastructure
increases.

This provides one reason why the organizational consequences of general-purpose tech-

nologies can extend beyond the industries in which those technologies are directly produced.

9.4 The New Meaning of Firm Size

The theory implies that firm size becomes an incomplete statistic for organizational scale.

Let

Sk

denote the scale of productive ownership and

Sc

the scale of coordination.

The canonical interpretation tends to emphasize

Sp.

The present framework requires both:

(S, Sc).
It is possible to have
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SF\L and ScT

An economy can therefore become more decentralized according to conventional mea-
sures of firm size while simultaneously becoming more integrated through large coordination
infrastructures.

This distinction changes the interpretation of several familiar empirical phenomena.

An increase in the number of firms need not imply greater economic decentralization if
those firms increasingly depend on a small number of coordination infrastructures.

Conversely, a large coordination provider need not imply a large vertically integrated
firm if the productive agents using its infrastructure remain independently owned.

The appropriate empirical question is therefore not simply

How large are firms?

but

How large are the systems through which firms coordinate?

9.5 Concentration Without Vertical Integration

The distinction between Hr and Ho implies a new form of economic concentration.
Traditional measures of concentration largely concern ownership or control over produc-

tive assets.

The present framework introduces

HC:ZTJQ'

J

as concentration in coordination provision.
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An economy can therefore experience

Hp |

while

Ho .

This is neither ordinary vertical integration nor ordinary horizontal concentration.

Instead, productive ownership becomes more dispersed while coordination provision be-
comes more concentrated.

The distinction matters for economic analysis because concentration in coordination in-
frastructure may affect the economic environment even when traditional measures of firm
concentration suggest increasing decentralization.

The model therefore suggests that the relevant unit for some questions of market power
may be neither the conventional firm nor the conventional industry, but the provider of a

critical coordination infrastructure.

9.6 The Economics of Portability

Portability is a particularly important primitive because it changes the relationship between
productive agents and ownership institutions.

Recall that

7(P)

is the cost of sustaining coordination across ownership boundaries.

An increase in P lowers this cost:



When portability is low, productive relationships are relatively dependent on the insti-
tutions in which they were initially embedded.

When portability is high, productive agents can retain coordination capital while moving
across ownership boundaries.

This has implications beyond digital platforms.

Portability can apply to:

e reputation;

e professional relationships;
e customer relationships;

e accumulated knowledge;
e software environments;

e organizational routines;

e communication networks;

o Al-assisted workflows.

The common economic feature is that valuable coordination capacity is no longer neces-
sarily destroyed when an agent changes organizational affiliation.

This weakens one of the historical economic advantages of vertical integration: the ability
of the organization to preserve coordination relationships by keeping the relevant agents

together.

9.7 Artificial Intelligence and the Boundary of the Firm

Artificial intelligence is potentially important within the framework because it can alter

coordination technology itself.

101



Suppose an Al system performs tasks such as

{matching, monitoring, planning, information aggregation, communication, forecasting}.

These functions can increase the productivity of coordination capacity and therefore raise

If the same Al infrastructure can serve increasingly large populations of productive agents,
technological progress may also raise 7.
The organizational implications are therefore ambiguous in sign.

An increase in A can make distributed coordination more attractive:

AT = Oy .
But an increase in v can simultaneously strengthen concentration among coordination

providers:

v1 = stronger concentration forces.

AT can consequently produce two apparently contradictory outcomes:

greater decentralization of productive ownership

and

greater concentration of coordination infrastructure.

The model therefore does not imply that Al will make firms uniformly larger or smaller.
Its organizational effect depends on which component of coordination technology it

changes.
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9.8 Social Media and the Portability of Coordination Capital

Social media provides a complementary mechanism.
Its most direct interpretation in the model is through portability.
Suppose social technologies make relationships, audiences, reputational information, and

communication channels less dependent on a particular ownership structure. Then

Pt

The resulting reduction in

7(P)

makes persistent cross-boundary coordination cheaper.

The model therefore provides a theoretical interpretation of an empirical phenomenon in
which individuals can remain economically productive while maintaining relationships with
large populations of customers, collaborators, or audiences without being incorporated into
a common ownership structure.

The key implication is again not that social media “eliminates firms.”

Rather,

social technology can weaken the necessity of ownership for coordination.

This is precisely the margin that the canonical market—hierarchy framework does not

treat as a separate organizational technology.

9.9 Implications for the Division of Labor

The theory also has implications for the division of labor.

In a conventional framework, specialization is often accompanied by organizational inte-
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gration because specialized productive units require coordination.
The present framework implies that these two forces can be separated.

Suppose specialization increases the coordination requirement

In a world with low coordination portability, the resulting increase in z may favor hier-
archical integration.

In a world with sufficiently productive network coordination, the same increase in spe-
cialization can instead increase demand for external coordination capacity.

Thus the effect of specialization on firm boundaries depends on the state of coordination
technology.

The model therefore predicts that improvements in general-purpose coordination technol-
ogy can change not only the allocation of production across tasks but also the organizational

form through which specialization is implemented.

9.10 Implications for Market Power

The framework also suggests a distinction between productive market power and coordination-
infrastructure power.

A coordination provider may have substantial influence over economic activity because
many productive agents depend on its infrastructure even when the provider owns relatively
little productive capital itself.

This distinction can be represented by

He

being high while
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is low.

The theory does not by itself establish that such concentration creates market power
in the antitrust sense. That requires an additional model of pricing, exclusion, entry, or
strategic behavior.

It does, however, identify a potentially important object of economic concentration that
is invisible to ownership-based measures.

This provides a natural direction for extensions in which coordination providers choose

prices, access rules, interoperability, or exclusion.

9.11 General-Purpose Coordination and the Future Firm

The deepest implication of the framework concerns the role of general-purpose coordination
technology in determining organizational form.

Let the effective coordination technology be summarized by

K=(PA~®).

The canonical theory implicitly treats the ability to coordinate across ownership bound-
aries as sufficiently limited that ownership remains a central mechanism for preserving pro-
ductive coordination.

The present framework allows

K

to become sufficiently powerful that this identification breaks down.

The resulting economy can contain three simultaneously distinct scales:
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production scale, ownership scale, coordination scale.

There is no theoretical requirement that these scales coincide.

This suggests a broader conception of the firm.

The firm remains an ownership institution, but it becomes one component of a larger
organizational system in which productive agents, ownership units, and coordination infras-
tructures can be separately specialized.

The economically relevant unit of organization may consequently become a network of

firms rather than a single firm.

9.12 Limits of the Baseline Theory

The baseline framework abstracts from several mechanisms that may matter in applications.

First, coordination providers are not modeled as strategic price setters. The current
theory therefore does not establish implications for markups or consumer welfare.

Second, the baseline model treats the productivity of coordination providers through aj,
while more complicated environments may involve endogenous investment in coordination
infrastructure.

Third, the model abstracts from privacy, security, political constraints, regulation, and
institutional barriers that may limit portability.

Fourth, the network-formation analysis focuses on participation and scale. Richer models
may need to incorporate directed links, heterogeneous link costs, multi-homing, congestion,
or endogenous provider entry.

Fifth, the model does not assume that artificial intelligence necessarily increases P, A,
or 7. Those are empirical questions. Al is therefore an application of the framework rather
than a primitive assumption required for its validity.

These limitations define natural directions for extensions rather than weakening the core

106



organizational result.

9.13 What the Theory Changes

The central claim of the paper can now be stated compactly.

The canonical theory of the firm asks:

When should production be organized through markets rather than firms?

The present framework asks a more general question:

Who should own production, and who should provide the coordination infrastructure through which pro

When coordination is sufficiently portable, productive, and scalable, the answer to these
questions need not be the same institution.

The resulting organizational architecture is characterized by

ownership 1 coordination

in the sense that the two boundaries need not coincide.
This provides a general explanation for why technological progress can produce the seem-

ingly paradoxical combination of

smaller ownership units, larger coordination systems, and greater concentration in coordination f

The theory therefore predicts not simply a new type of firm, but a change in the rela-
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tionship between firms and the organizational infrastructure of the economy.

9.14 Conclusion

The framework developed in this paper extends the theory of the firm by treating coordina-
tion as a separately scalable economic technology.

Once coordination can be portable across ownership boundaries, productive in its own
right, and subject to increasing returns, the traditional equivalence between ownership scale
and coordination scale no longer follows.

The resulting economy can simultaneously exhibit decentralized productive ownership
and concentrated coordination infrastructure.

Social media and artificial intelligence are important not because the theory is tied to
either technology, but because they represent particularly powerful instances of technologies
that may increase the portability, productivity, and scale elasticity of coordination.

The broader theoretical implication is therefore:

The boundary of the firm is endogenous to the technology of coordination.

The canonical market—hierarchy framework emerges when external coordination is suffi-
ciently costly. The generalized framework becomes relevant when coordination itself can be
produced and supplied across organizational boundaries.

The theory thus provides a foundation for analyzing an economy in which the organiza-
tional problem is no longer exhausted by the choice between markets and firms, but includes

the endogenous emergence of scalable coordination networks between them.
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A Mathematical Foundations and Equilibrium Exis-
tence

This appendix provides the mathematical foundations for the organizational problem de-
veloped in Sections 4—7. It formalizes the feasible organizational architectures, states the
regularity conditions required for the main results, establishes existence of the equilibrium
organizational choice, and derives the local regularity of the organizational boundaries.
The appendix is deliberately explicit about the assumptions required for each result.
In particular, the existence of an equilibrium network does not by itself imply uniqueness,
stability, or global monotonicity. Those stronger properties require additional conditions and

are treated separately in Appendix B.

A.1 A.l. Primitive Environment

Let the set of productive agents be

T =100,1]

equipped with the Borel o-algebra and Lebesgue measure p.

Each productive agent ¢ € Z has type
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wiEQ,

where

QCRy

is compact.

The type w; summarizes the productive and organizational characteristics of agent ¢ that
are relevant for the coordination problem. The baseline results do not require a particular
interpretation of w; it may represent productivity, coordination intensity, specialization, or
a sufficient statistic for the agent’s value from coordination.

The economy contains a finite set of potential coordination providers

J={1,...,J}.

Provider j has coordination productivity

CLj>0.

The structural coordination technology is

J— 7
K; = Aajn;,

where

A >0, v >0,

and n; is the measure of productive agents coordinated by provider j.

The parameter A captures the productivity of the underlying coordination technology,
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while v captures the elasticity of coordination capacity with respect to provider scale.

The portability parameter satisfies

PePCR,.

Cross-boundary coordination incurs a cost

with

Strict inequality is imposed only where comparative-static results require strict improve-

ments in portability.

A.2 A.2. Organizational Architectures

The organizational choice set is

S={M,N,H},
where
M = market coordination,
N = network coordination,
and
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H = hierarchical coordination.

For a coordination requirement z € Z C R, define the minimized costs under the three

architectures as

Cu(2),  Cglz),  Cx(z0),

where

0= (P A"Y).

The network cost depends additionally on an equilibrium network G*. Accordingly, after

network formation has been solved, define

Cy(z;0) = Cn(z,G"(2;0);0).

The full organizational problem is therefore

C™(z;0) = min C7*(z; 0),

seS

where

*k * k% * k% *,
M = Y H = VH N:CN(%G,@)-

The equilibrium organizational correspondence is

S*(z;0) = argrsrgglC’s (2;0).

When the minimizer is unique, write

113



s™(2;0)

for the equilibrium organizational architecture.

A.3 A.3. Regularity Conditions

The following assumptions provide the baseline regularity conditions used throughout the

appendices.

Assumption 2 (Compact type and coordination spaces). The type space Q2 and the relevant

coordination-requirement space Z are compact subsets of R .

Assumption 3 (Continuity of coordination benefits). The coordination-benefit function

B:QOxR, 5 R

18 continuous and continuously differentiable in its arguments, with

Bx(w,K) > 0.

Where sorting results are invoked, we additionally impose

BKw(w, K) 2 0.

Assumption 4 (Participation costs). For each j € J, the participation cost

¢ 2 =R

18 continuous. Where monotone sorting is invoked, the relevant cost differences satisfy

the single-crossing condition stated in the corresponding proposition.
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Assumption 5 (Market and hierarchical costs). The minimized market and hierarchical

coordination costs,

Ciglz) and Cy(2),
are finite and continuously differentiable on the interior of Z.

Assumption 6 (Network-cost regularity). For every feasible network G, the network coor-

dination cost

CN(Za G; 9)

is finite and continuous in (z,G,0) and continuously differentiable in (z,0) wherever the

relevant equilibrium network s locally unique.

Assumption 7 (Portability). The cross-boundary coordination cost 7(P) is continuous and

weakly decreasing in P:

(P) <0.

Where strict comparative statics with respect to portability are invoked,

7'(P) < 0.

A.4 A.4. Feasible Network Allocations

A network allocation is a measurable function

g:T — JU{0}.

The interpretation is
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. 7, if agent ¢ participates in provider 7,
g(i) =
0, if agent ¢ uses decentralized market coordination.

The participation measure of provider j is

nj(g) =p({i € T:g(i) = j}).

The vector of provider scales is

n(g) = (m(g),--,ns(g)).

Because the total mass of productive agents is normalized to one,

0<n;(g) <1

and

an(g) <1

Define the feasible scale simplex

N:{nE[O,l]J:angl}.

The coordination capacity vector is then

K(n;0) = (Aayni, ..., Aaynl).

Since N is compact and the capacity function is continuous for v > 0, the induced

capacity correspondence is well-defined.
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A.5 A.5. Individual Best Responses

Given a scale vector n € N, the payoff from choosing provider j is

uj(w;n, 0) = B (w, Aa;n)) — ¢;(w).

The market payoff is

up(w;n, ) = upr(w).

The individual best-response correspondence is

BR(w;n,0) = (w;n, 0).
(w;n,0) argjergzj?{(o}uj(w,n, )

Because J U {0} is finite and each payoff is continuous in the relevant arguments, the
best-response correspondence is nonempty.

The equilibrium scale vector must satisfy the consistency condition

n; = p({i: g(i) € BR(wi;n,0) and g(i) = j}).

Equivalently, define the aggregate best-response correspondence

O (n;0) = {(ILL(BRj(n, 9)));.]:1 : measurable tie—breaking} :

where BR;(n,0) denotes the set of types for which j is optimal.

A network-formation equilibrium is a fixed point

n* € o(n*;0).
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A.6 A.6. Existence of Network-Formation Equilibrium

The following proposition formalizes the existence claim used in Section 7.2.

Proposition 6 (Existence of network-formation equilibrium). Under Assumptions 2-7, the
aggregate best-response correspondence admits a fixed point whenever its induced tie-breaking

correspondence is measurable and upper hemicontinuous. Consequently, a network-formation

equilibrium exists.

Proof. The feasible scale set N is nonempty, compact, and convex.

For each provider j, the payoff function

uj(w;n,0) = B(w, Aajn}) — ¢;(w)

is continuous in n by continuity of B and the continuity of n] on [0, 1] for v > 0.

Because the action set 7 U {0} is finite, the individual best-response correspondence is
nonempty and upper hemicontinuous.

Under the stated measurability condition, the induced aggregate best-response corre-

spondence ® is nonempty and upper hemicontinuous. Its values are compact and convex

under measurable randomization or measurable tie-breaking.

Kakutani’s fixed-point theorem therefore implies that there exists

n*eN
such that
n* e ®(n*;6).
This is a network-formation equilibrium. O

The proposition establishes existence but intentionally does not establish uniqueness.
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In particular, when v > 1, the feedback between participation and coordination capacity
can generate multiple equilibria. This possibility is economically meaningful and is treated

explicitly in Appendix B.

A.7 A.7. Equilibrium Organizational Choice

Given an equilibrium network G*(z;6), define

Cy(2;0) = Cn(z,G*(2;0);0).

The organizational choice is then made from the finite set

S={M N, H}.

This immediately yields existence of an optimal organizational architecture.

Proposition 7 (Existence of an optimal organizational architecture). Suppose that an equi-
librium network exists for every relevant z and 6, and that the corresponding network cost

C¥ (2 0) is finite. Then the organizational problem

min  Cr*(z;0)

se{M,N,H}

admits a solution for every (z,0).

Proof. The organizational choice set contains only three elements. Each organizational ar-

chitecture has a finite cost by assumption. Hence the minimum over the finite set exists. [l

Notice that the proposition does not require uniqueness. If two architectures have iden-
tical costs, the equilibrium organizational correspondence contains both.

This distinction is relevant at organizational boundaries.
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A.8 A.8. Regular Organizational Boundaries

Define the market—network cost difference

Dyn(z;0) = CN(2;0) — Cy(2)

and the network—hierarchy cost difference

Dnp(z;0) = Ch(2) — Cy (2 0).

A market—network boundary 2}, (0) satisfies

Dun (2 (0);6) = 0.

Similarly, a network-hierarchy boundary z3 ,(6) satisfies

Dnu(2yp(0);0) = 0.

We say that a boundary is regular if the corresponding derivative with respect to z is

Nnonzero.

Thus,

ODyn
0z

£0

at a regular market-network boundary, and

0Dy
0z

£0

at a regular network—hierarchy boundary.

Regularity rules out tangential intersections.
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A.9 A.9. Local Comparative Statics of the Boundaries

The main-text organizational-boundary theorem follows locally from the implicit function

theorem.

Proposition 8 (Local differentiability of organizational boundaries). Suppose z;,n(600) is
a reqular market-network boundary and Dyn is continuously differentiable in a neighbor-
hood of (z3;5(60),00). Then there exists a neighborhood of 6y and a unique continuously

differentiable function 23, (0) satisfying

Dun (2 (0);6) = 0.

Moreover,

Ozyy . ODnn /00,
80k n 8DMN/8z ’

An analogous result holds for zx 5 (6).

Proof. At the boundary,

Dn(2pn(00); 60) = 0.

By regularity;,

0Dy N
0z

£ 0.

The implicit function theorem therefore guarantees the existence of a locally unique
continuously differentiable function 23,5 (6) satisfying the boundary equation.

Differentiating

Dy (2yn(0);6) =0
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with respect to 6, gives

GDMN 82']*\“, 4 8DMN

=0.
Rearranging yields
82}\}]\, o _8DMN/80k
The network—hierarchy result follows identically. O]

A.10 A.10. The Canonical Limit

The canonical market—hierarchy model is recovered when network coordination becomes
prohibitively costly.
Suppose that
T(P) = o0

or, equivalently for the reduced-form organizational problem,

Cx(z;0) — o0

for all z > 0.

Then

C™(z;0) — min{C},(2),Cx(2)}.

Thus the network architecture disappears from the choice set in the limit.

Proposition 9 (Canonical market—hierarchy limit). If
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Cy(z;0) = o0

uniformly on compact subsets of Z \ {0}, then the equilibrium organizational correspon-

dence converges to

a in C}(z).
"8 iy @)

Hence the canonical market—hierarchy problem is nested as a limiting case of the gener-

alized organizational model.

Proof. For any z > 0, if

CN (2:0) — oo,

then there exists a sufficiently large value of the relevant parameter such that

O3 (236) > max{Cy(2), Chy(2)}.
The network architecture therefore cannot attain the minimum. The remaining problem

is

min{C,(2), Cp(2)}-

Uniform convergence preserves this result over compact subsets away from z = 0. [

A.11 A.11. Separation of Existence, Uniqueness, and Stability

Because these concepts are sometimes conflated, it is useful to state explicitly what the

baseline analysis establishes.
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1. Existence: Under the regularity conditions above, at least one network-formation

equilibrium exists.

2. Uniqueness: Existence does not imply uniqueness. In particular, increasing returns

in coordination provision can generate multiple equilibria.

3. Stability: An equilibrium can exist without being stable under a particular dynamic

adjustment process.

4. Comparative statics: Differentiability of organizational boundaries requires regular-

ity of the relevant equilibrium and the corresponding cost crossing.

The distinction is important for interpreting the main-text results.
The baseline theory therefore does not rely on a global uniqueness assumption. Where a

theorem requires local uniqueness or stability, that condition is stated explicitly.

A.12 A.12. Summary of the Mathematical Structure

The mathematical structure of the model can be summarized as the sequence

0= (P A7)

individual coordination payoffs

n* € ®(n*;0)
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G*(z;0)

Cy (2 0)

“(2;0) = in  C*(z:0).
s*(2;0) arg _min  C; (2;0)

The resulting organizational boundaries are therefore endogenous objects:

2un = 2un(0), zng = 2vm(0).

This structure separates three logically distinct stages of the theory:

network formation — coordination cost — organizational choice.

That separation is useful both theoretically and empirically. It prevents the organizational-

boundary results from being interpreted as primitive assumptions about firm structure and

makes clear that the boundaries arise from equilibrium coordination technology.

The next appendix develops the network-formation problem in greater detail, including

stability, sorting, increasing returns, and the conditions under which equilibrium concentra-

tion emerges.
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B Network Formation and Equilibrium Stability

This appendix develops the network-formation component of the model in greater detail.
The purpose is to establish formally how individual participation decisions generate an en-
dogenous coordination network, how increasing returns in coordination capacity affect equi-
librium structure, and under what conditions concentration among coordination providers
emerges.

The analysis proceeds in five steps. First, we define the coordination network and the
induced participation game. Second, we characterize individual best responses and sym-
metric equilibria. Third, we analyze local stability and the role of the scale elasticity ~.
Fourth, we allow coordination providers to differ in productivity and characterize sorting

and concentration. Finally, we establish the concentration result used in the main text.

B.1 B.1l. The Coordination Network

Let

T =100,1]

denote the continuum of productive agents and let

J={1,...,J}

denote the set of potential coordination providers.

A coordination network is a measurable assignment

g:7Z— JU{o0},

where ¢(i) = j indicates that agent i coordinates through provider j, while g(i) = 0

denotes decentralized market coordination.
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The induced participation measure of provider j is

nj(g) =p{i €T :g(i) =7}

The vector

n(g) = (ni(g),---,ns(g))

belongs to the simplex

N:{ne[o,1]J:an§1}.

The aggregate scale of the coordination network is

N(g) = an(g)-

The network is therefore endogenous in two dimensions.
First, the set of participating agents is endogenous. Second, the allocation of participating

agents across providers is endogenous.

B.2 B.2. Provider Capacity

Provider 5 has productivity parameter

Clj>0.

Given participation n;, its coordination capacity is

Kj(n;) = Aa;nj,

where
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A>0, v > 0.

The marginal coordination capacity generated by an additional participant is

-1
Ki(n;) = Aajyn] .
The elasticity of coordination capacity with respect to provider scale is

n; Kj(ny)
K;(n;)

Thus the three cases

correspond respectively to decreasing, constant, and increasing returns to provider scale.

This distinction is central to the network-formation problem.

B.3 B.3. Participation Payoffs

Let an agent of type w obtain gross coordination benefit

where

If the agent participates in provider j, its payoff is

uj(w,n;) = B (w,Aajn;-’) —¢j(w) = 7(P)1{j ¢ IIr(7)},
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where 11 (i) denotes the ownership unit containing agent 1.

For notational simplicity, define the effective participation cost

¢(wi P) = ¢j(w) + 7(P)1{j ¢ Ip(2)}.

Then

uj(w,n;) = B (w, Aajn)) — ¢(w; P).

The market alternative has payoff

up(w) = upr(w).

An agent chooses provider j whenever

uj(w,n;) > max {ug(w), ug(w, ng) 1k # j}.

B.4 B.4. Best-Response Correspondence

For each provider j, define the best-response set

(e B) = 4w w N> .
BR;(n;0) {w uj(w,n])_kelgg){(o}uk(w,nk)}

A participation allocation is an equilibrium if
n; = p(BR;(n;0))

for every provider 7, up to sets of measure zero associated with indifference.

Define the aggregate best-response operator

Ty(n;6) = u(BR,(n;6)).
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Then a network-formation equilibrium satisfies

n* =T(n";6).

The fixed-point representation makes the source of strategic feedback transparent.

An increase in n, raises K; according to

0K; .
a—nj = Aajyn;

which can raise the payoff to joining provider j, thereby increasing Tj(n) and potentially
generating further participation.

This feedback is positive whenever

BK>O.

Its strength depends on 7.

B.5 B.5. Symmetric Provider Environment

We first consider the benchmark in which all providers are identical:

for all j.

Suppose further that a symmetric equilibrium has

ng=--=nyj=n.

The participation condition for a representative agent can then be written as

B(w, Aan”) — c(w) > up(w).
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Define the participation surplus

V(w,n) = B(w, Aan”) — c(w) — up(w).

An interior symmetric equilibrium satisfies

V(w,n) =0
for the marginal participating type.
If participation is summarized by a scalar cutoff w, then
n=1-F)

and the marginal participation condition becomes

B (@, Aa[l — F(@)]") — ¢(@) = uo(@).

This equation provides the basic equilibrium condition used below.

B.6 B.6. A Scalar Network-Participation Formulation

For many applications it is useful to collapse the heterogeneous-agent problem into an ag-
gregate participation equation.

Let

V(n;0)

denote the expected net payoff from participation at network scale n.

An interior equilibrium satisfies

V(n;0) = 0.
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Suppose that

Vi (n; 0)

exists.
Then local comparative statics follow from
dn*  Vp,(n*;0)

The denominator is economically important.

It

V, <0,

the participation feedback is locally stabilizing.
If

V, >0,

the participation feedback is locally destabilizing.

The latter case is possible because a larger network raises the value of joining the network.

B.7 B.7. Local Stability

Consider the adjustment process

i1 = T(ng; 0).

An equilibrium n* is locally stable under this adjustment process if

T, (n";0)] < 1.
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It is locally unstable if

T, (n*; 0)| > 1.

In the scalar case, this follows from linearization around the fixed point:

ne1 —n* =T,(n*0)(ny — n*) + o(|ny — n*|).

Hence deviations shrink when

T <1

and grow when

|T.| > 1.

The stability condition should not be confused with existence. An equilibrium may satisfy

while failing the local stability condition.

B.8 B.8. The Role of the Scale Elasticity

The derivative of provider capacity is

—1
Kj(nj) = Aajyn] ™.
Consequently,

(9uj

—2 = BrAa;yn) "

J
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The behavior of this derivative near zero depends qualitatively on ~.

If
0<vy<1,
then
n]_l — 00 asn; — 07,

If

=1
then
If

7> 1,
then

n;-’_l -0 asn; — 07,

Thus increasing returns do not automatically imply that a small provider grows rapidly
from an arbitrarily small base. Indeed, when v > 1, the marginal coordination capacity of a
provider approaches zero near zero scale.

The economically relevant implication is instead that the average coordination capacity
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is increasing in n; when

v > 1.

This creates a coordination advantage for larger providers.

B.9 B.9. Increasing Returns and Multiple Equilibria

Consider the scalar participation equation

n="T(n).
Suppose that 7" is continuously differentiable and increasing.
If

T,(n)>1

over an interval containing a fixed point, then the fixed point is locally unstable.
Multiple equilibria can arise when the best-response curve intersects the 45-degree line
more than once.

In particular, suppose there exist

O<np<ny<ng<l1

such that

T(ny) =ng, T(np) = nu, T(ny) = nu,
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with

T (nL)| < 1, | T (nar)| > 1, T (ng)| < 1.

Then the low- and high-participation equilibria are locally stable while the middle equi-
librium is unstable.

This provides the formal basis for threshold effects discussed in Section 8.7.

The model therefore admits a coordination-based interpretation of multiple organiza-

tional equilibria: sufficiently strong network feedback can make participation self-reinforcing.

B.10 B.10. Provider Heterogeneity

We now allow providers to differ in coordination productivity:

a; 7 ai

for some j, k.

Suppose that participation costs are otherwise identical. Provider j gives type w payoft

uj(w,n;) = B(w, Aa;nj) — c(w).

For any fixed participation levels n; = n, = n, if

a; > G,

then

u;j(w,n) > ug(w,n)

for all types with

136



BK(LU,K) > 0.

Thus provider productivity directly affects participation incentives.
However, equilibrium provider size need not be ordered solely by a; because provider size
itself affects coordination capacity.

The equilibrium comparison is therefore

Y Yy
CL]TL]- Versus  agny,

rather than a; versus a; alone.

This distinction becomes important for the concentration result.

B.11 B.11. Pairwise Provider Comparison

Suppose two providers j and k serve agents of the same type w.

Provider j is preferred whenever

Aanj — cj(w) > Aagny — cp(w)

under a linear coordination-benefit specification.

More generally, because By > 0,

7 v
Aajnj > Aagny,

implies

u;(w,nj) — ¢j(w) > up(w,ng) — cp(w)

when participation costs are equal.

Taking logarithms of the capacity terms gives

137



loga; +vlogn; > logay + ~ylogny.

Hence

is the relevant scale-productivity tradeoff at equal effective capacity.
The equation also shows why provider productivity and provider scale cannot be identified

separately from equilibrium capacity without additional information.

B.12 B.12. Concentration Under Increasing Returns

The central concentration mechanism can be seen directly from the average capacity per

participant:

Differentiating gives

Therefore,

oK,
(9nj

>0 «— ~y>1

This yields the fundamental concentration force.

Proposition 10 (Increasing returns create a concentration force). Suppose v > 1 and a; =

ar = a for two coordination providers. Then, holding total participation
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n;+np=mn

fixed, total coordination capacity

Kj(nj) + Ki(ng)

18 strictly increased by moving participation toward the provider with the larger partici-

pation share, provided the initial allocation is sufficiently unequal.

Proof. With equal productivity,

Kj(n;) + Kp(n) = Aa (n] +ny) .

Because v > 1, the function

is strictly convex on R, .

Holding

n;+ng=mn

fixed, strict convexity implies that the sum

v v
n; +ny

is increasing as the allocation becomes more unequal in the sense of a mean-preserving
spread.
Thus concentrating participation on one provider increases total coordination capacity

relative to a sufficiently balanced allocation. O

139



The proposition establishes a technological concentration force. It does not, by itself,
establish that equilibrium is fully concentrated.

Entry costs, heterogeneous provider productivity, congestion, multi-homing, or other
forces can counteract this force.
B.13 B.13. Symmetric Splitting Versus Concentration

The preceding result can be made explicit.

Suppose total participation is n and there are J identical providers.
Under equal splitting,

~I=

Total capacity is

n\"v
Kot = JAa (3) = Aai? J*,

Under complete concentration,

nlzﬁ, nj:() (]#1),
and total capacity is
Keone = Aan’”.
Therefore,
Kconc _ J’yfl'
Ksplit
Hence
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K conc > K split

if and only if

When

v=1

the two allocations generate identical total capacity.

When

0<vy<1,

equal splitting generates greater aggregate capacity.

This is the cleanest formal statement of the scale-elasticity mechanism.

B.14 B.14. Concentration and Equilibrium Selection

The technological concentration force does not uniquely determine equilibrium selection.

When

v > 1,

the production of coordination capacity is convex in provider scale. The equilibrium may
therefore depend on initial conditions, entry, expectations, or other selection mechanisms.

To formalize this point, let



denote the set of network-formation equilibria.

The equilibrium correspondence may satisfy

1E(0)] > 1.

The main-text concentration result should therefore be interpreted in one of two ways.

First, it may characterize the concentration of the efficient network allocation.

Second, under an explicitly specified adjustment process, it may characterize the stable
equilibrium selected by that process.

The distinction is important because efficiency and dynamic stability need not coincide.

B.15 B.15. Efficient Network Allocation

For a fixed set of participating agents and fixed total participation 7, consider the planner’s

problem

J
max E Aan’
J 770

{nj}jzl j=1

subject to

J
E n; =n, n; > 0.
j=1

The Lagrangian is

J J
L= ZAajn;’ - A (Zn] —n) )
j=1 J=1

For an interior solution,

Aajynzfl =\
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Hence

L Ve
"7 \Aayy

This expression demonstrates that the curvature of the coordination technology deter-

when 7 # 1.

mines the shape of the efficient allocation.

For

0<y<l,

the planner’s objective is concave and the interior allocation is well behaved.

For

v=1

the objective is linear and the allocation depends directly on relative productivities.

For

v>1,

the objective is convex, so an interior allocation cannot generally be the global maximum.
The global optimum is therefore attained at a boundary of the simplex, subject to

provider productivity.

B.16 B.16. Efficient Concentration Theorem

The preceding observation yields the following result.

[Efficient concentration under increasing returns] Suppose that
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v > 1,

coordination benefits are increasing in total coordination capacity, and provider partici-
pation costs do not offset the convexity of the coordination technology.
For a fixed total participation level n, an efficient allocation of participation assigns all

participation to a provider with maximal coordination productivity

Opax = MAX Q.
o jeg
If the maximal productivity provider is unique, the efficient allocation is unique up to

null sets of participants.

Proof. For any feasible allocation,

Because v > 1,

with equality if and only if all positive participation is assigned to a single provider.

Therefore,

J
E Aajn] < Aamaxn”.

j=1
The upper bound is attained by assigning all participation to a provider with a; = amax.

If the maximal productivity provider is unique, the maximizing allocation is unique. [

The theorem concerns the efficient allocation conditional on participation. It does not

imply that a decentralized equilibrium necessarily selects the efficient allocation.
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That distinction is essential when applying the result to observed market structure.

B.17 B.17. Why the Theorem Does Not Imply Monopoly

The concentration theorem should not be interpreted as a general monopoly theorem.
Several mechanisms can prevent full concentration.

First, provider-specific participation costs may satisfy

(@) # exw).

Second, portability costs may vary across ownership boundaries.

Third, congestion can introduce a term

—x(n;)

into participation payoffs, with

X (n;) > 0.

Fourth, agents may multi-home.
Fifth, providers may face capacity constraints.
Sixth, entry may respond endogenously to provider profitability.

The relevant equilibrium condition is therefore

B(w, Aajn;’) — ¢j(w) —7(P) — x(ny)

rather than coordination capacity alone.
The baseline concentration theorem identifies a force toward concentration; it does not

assert that all countervailing forces are absent.

145



B.18 B.18. Network Concentration Versus Ownership Concentra-
tion

Let

denote concentration in coordination provision, where

U
>k Tk

in the simplest participation-based measure.

7"]‘:

Let

_ Z 2
HF = Sm
m
denote concentration in productive ownership.

The network model places no identity restriction between these two distributions.

In particular, it is possible to have

H0>HF

or

He < Hy.

The economically important case generated by increasing returns is

Het

while productive ownership becomes more dispersed.
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Thus the concentration result is fundamentally a statement about the coordination layer

of the economy.

B.19 B.19. Summary

The network-formation analysis establishes five results.

First, the coordination network can be represented as a fixed point of aggregate partici-
pation responses.

Second, existence does not imply uniqueness or stability.

Third, the elasticity

v

determines the curvature of the coordination technology and therefore the strength and
direction of scale effects.

Fourth, when

v > 1,

coordination capacity is convex in provider participation, creating a force toward con-
centration.

Fifth, with heterogeneous provider productivity, the efficient allocation concentrates par-
ticipation on the most productive provider, conditional on fixed aggregate participation and
absent sufficiently strong countervailing costs.

The next part of this appendix extends the analysis from participation to explicit graph
formation and derives the network-level stability and concentration conditions used in the

main-text organizational-boundary theorem.
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B.20 B.20. Explicit Graph Formation

The preceding analysis treated provider participation as the sufficient statistic for network
formation. We now introduce the underlying graph explicitly.

Let

V=TUJ

denote the set of productive agents and coordination providers.

For each productive agent ¢ € Z and provider j € J, define the binary link variable

gij € {07 1}7

where

gij =1

indicates that agent ¢ maintains an active coordination relationship with provider j.

The network is therefore represented by the bipartite adjacency matrix

G = (gij)ieI,jEJ'

The provider degree is

M@—A%W@

and, under the normalization used throughout the paper,

4,(G) = n,(G).

Thus the provider-scale variable used in the main model is the degree of the corresponding
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coordination node in the underlying bipartite graph.

The degree of productive agent i is

J
di(G) = gij.
j=1

This permits the model to distinguish single-homing from multi-homing.

Under single-homing,

dz(G) € {O’ 1}7

whereas under multi-homing,

may hold for multiple providers.

B.21 B.21. Link-Specific Coordination

Provider-level scale is not the only determinant of coordination quality. Let

¢i; > 0

denote the effective quality of the relationship between agent ¢ and provider j.

The baseline model assumes that

a5 = q;(ny),

where

qj(n;) = Aa;n].
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The graph formulation therefore nests the provider-scale formulation.
More generally, we may allow
qij = Aajnﬂz‘ﬁ

where

gij>0

is a relationship-specific productivity term.

The normalization

&'jzl

recovers the baseline model.
The advantage of the graph formulation is that it allows the theory to separate aggregate

scale effects from relationship-specific matching effects.

B.22 B.22. Link Formation Payoffs

Given a network G, define the payoff to agent ¢ from maintaining link (7, j) as

Uij(G) = B (wi, 45;(G)) — i — 735 (P) — ki (G),

where

Cij

is the direct relationship cost,



is the cost of coordinating across organizational boundaries, and

Kij (G)

captures congestion, attention, or relationship-maintenance costs induced by the sur-
rounding network.

The last term is not required for the baseline results. Setting

liij (G) = 0

returns the pure scale-economies model.
The payoff to maintaining no relationship with provider j is normalized to zero relative
to the relevant outside option.

A link is individually profitable whenever

U,;(G) > 0.

B.23 B.23. Bilateral Link Formation

In the more general formulation, coordination relationships may require participation by
both sides.
Let
Ui (@)

denote the payoff to agent ¢ from link (7, j) and

UL(G)

)

the corresponding payoff to provider j.
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A link is formed only when both parties weakly prefer formation:

U(G) >0

v

and

A strict bilateral surplus condition is

UL(G) >0, U(G) > 0.

v

This formulation is useful because a social-media or platform relationship need not be

technologically identical to an employment relationship.

The productive agent may benefit from access to coordination capacity while the provider

benefits from the scale, information, reputation, or activity generated by the relationship.

B.24 B.24. Pairwise Stability

We use pairwise stability as the baseline static stability concept for the explicit graph.

[Pairwise stable network] A network G is pairwise stable if:

1. for every existing link (7, j) with g;; = 1,

UL(G) >0

v

and

and
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2. for every absent link (7, j) with ¢;; = 0, if

UL(G) >0,

%)

then

U(G) < 0.

)

The first condition rules out profitable unilateral deletion of an existing relationship.

The second rules out mutually profitable additions.

Pairwise stability is deliberately weaker than global efficiency. A stable network may
therefore contain inefficiently sparse or inefficiently concentrated relationships.

This distinction is central to the theory because organizational structure can be an equi-

librium outcome rather than a planner-selected allocation.

B.25 B.25. Link Persistence

To distinguish persistent relationships from transitory interactions, let

Sij,t < {0, 1}

denote the persistence state of relationship (7, j) at date ¢.

A relationship is persistent if

for a nontrivial sequence of periods.

Let the transition probabilities be
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Pr(sijop = 1| siju = 1) = py;

and

Pr(sijes1 =11 840 =0) = pgjl'

The persistence parameter is therefore

pi; €1[0,1].

High values of

11
Pij

correspond to durable relationships, whereas low values correspond to high-turnover re-
lationships.
The baseline static model can be interpreted as the limiting case in which the persistence

state is fixed.

B.26 B.26. Persistent Network Capital

Define the stock of persistent network capital associated with agent i as

J
Ni,t = E Sij,t9i5,tVijts
Jj=1

where

Vi > 0

is the productive value of the relationship.

154



Network capital evolves according to

Niip1 =1 —=0n)Niy + L,

where

oy € [0, 1]

is the depreciation rate of relationship capital and I;; denotes new network-capital in-
vestment.

The parameter dy is conceptually distinct from the portability parameter P.

Portability determines how readily productive relationships can be carried across orga-
nizational boundaries.

Persistence determines how long the underlying relationship remains valuable.

B.27 B.27. Network Density

For a finite approximation with I productive agents and J providers, define network density

as

I J
_ D1 Zj:l 9ij

b@) 1J

Under a continuum of productive agents, the corresponding density is

D(@) =53 [ ani)

Under single-homing,

Thus density measures the prevalence of active coordination relationships, whereas provider
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concentration measures how those relationships are distributed across providers.

These are distinct objects.

B.28 B.28. Degree Distribution

Let

J
Di(G)=> gy
7=1

denote the degree of productive agent i.

The empirical degree distribution is

Fo(k) = u({i : Di(G) < k}).

Similarly, the provider-side degree distribution is generated by

4(G) = [ gy anti)

The theory therefore permits a distinction between:

network density,

provider concentration,

and

individual degree heterogeneity.

These quantities need not move together.

For example, an increase in portability may increase network density while simultaneously
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reducing provider concentration if productive agents can maintain relationships with multiple

providers.

B.29 B.29. Persistent Versus Ephemeral Networks

Let

b= Ei,j pzljlgij
Zi,j Gij

denote the average persistence of active relationships.

We distinguish:

as a persistent-network regime and

as an ephemeral-network regime.

This distinction has direct organizational implications.

When relationships are persistent, organizational boundaries may internalize valuable
relationship-specific capital.

When relationships are highly portable and ephemeral, the same productive relationships
can be maintained without common ownership.

The model therefore does not equate network coordination with weak relationships. A

network can be both highly persistent and organizationally external.

B.30 B.30. Network Formation with Portable Relationships

Let the cost of maintaining a relationship across organizational boundaries be
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with

The net value of an external relationship is therefore

U,Z?(t = B(wi, Qz]) — Cij — T(P) — Kij-

The value of an internal relationship is

int __
Ui = B(wi, gij) — cij — Kij-

Hence

Ut — Uzt = 7(P).

As portability rises,

Pt = (Pl

and the organizational penalty associated with maintaining an external relationship falls.
This is the formal mechanism through which portability changes the organizational

boundary without necessarily changing the underlying productive relationship.

B.31 B.31. Network Formation and Ownership

Let
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0i; € {0, 1}
indicate whether the relationship (7, j) is internal to the same ownership unit.
Define the ownership boundary indicator

bij = 1 — Oij-

The total boundary-crossing relationship burden is

B(G) = Z bij9i;T(P).

The total organizational cost can then be written as

C<G> - Ccoord(G) + C1boundary(G) + Cmaint<G)-

In particular,

Choundary (G) = T(P) > _ bijgij.
%

Thus organizational integration can be interpreted as a choice to convert some boundary-
crossing edges into internal edges.
This formulation provides the graph-theoretic representation of the organizational-boundary

problem:

’ﬁrm boundary = partition of the coordination graph.

B.32 B.32. Edge Rewiring

Consider a local rewiring operation that replaces an existing edge
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(i,7)

with

The change in total surplus is

Am:j%k = Uz (G/) — UZJ(G) + AW,Z-,

where

AW_;

captures the effect of the rewiring on other network members.

A stable network must rule out profitable bilateral rewiring operations.

This motivates a stronger stability notion.

[Pairwise-rewiring stability] A network G is pairwise-rewiring stable if no pair of agents
can jointly replace an existing relationship or add a new relationship in a manner that strictly
increases both agents’ payoffs.

Pairwise-rewiring stability is useful for persistent networks because an agent may not

merely choose whether to connect, but whether to substitute one relationship for another.

B.33 B.33. Stability of the Network Mapping

Let

T(G;0)
denote the network-update operator generated by individual link decisions.
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A network equilibrium satisfies

G* = T(G*;0).

Consider a perturbation

G=G"+AG.

A first-order approximation gives

T(G:0) — G* = DeT(G* 0)AG + o | AG])).

Define the Jacobian

JG = DgT<G*, 9)

The network is locally stable under the adjustment process if the spectral radius satisfies

p(Je) < 1.

If

p(JG) > 17

the equilibrium is locally unstable.

This condition generalizes the scalar stability condition in Section B.7.

B.34 B.34. Scale Feedback in the Network Jacobian

The network Jacobian can be decomposed into a direct relationship component and a scale-

feedback component:
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JG = Jdirect + Jscale~

The scale component arises because

0¢;; _
Ky _ Aajyn] '

on;

Consequently,

v—1
i

Jscale X BrAajyn

The strength of network feedback therefore depends jointly on

A) Qj, 7, BK7

and the equilibrium scale n;.
This is important for identification.
Observed concentration alone cannot generally identify v without additional information

on the underlying coordination productivity and the marginal value of coordination.

B.35 B.35. Network Stability and Organizational Boundaries

Let the reduced-form network coordination cost be
Cy(2:0) = Cn(2,G*(2,6);6).
If G* is locally stable and differentiable, then

ACy _ 9Cy | 9Cx dG"
dz 0z 0G dz

The second term captures the endogenous response of the network to the coordination
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requirement.
This term is absent from a model in which network structure is treated as fixed.
The organizational boundary therefore depends not only on direct coordination costs but
also on how the network reorganizes when the scale or complexity of production changes.
This is the formal source of the distinction between a fixed organizational technology and

an endogenous organizational boundary.

B.36 B.36. A Network-Boundary Stability Condition

Let

Dun(z;0) = CN (2;0) — Cy(2).

At a regular market—network boundary,

Dyn(Zyy;0) =0

and

DMN,Z # 0.

Suppose the equilibrium network is locally stable. Then the boundary is locally stable

under perturbations of network structure whenever

0Cy 0G*
oG 0z

is sufficiently small relative to

90y dCy,
0z dz |’

The condition ensures that endogenous network adjustment does not overturn the local
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ordering of organizational costs.
Thus stability of the network and regularity of the organizational boundary are logically

distinct but connected conditions.

B.37 B.37. Network Formation as a Partition Problem

Let

(@)

denote the partition of productive relationships induced by ownership.

The organizational problem can then be represented as

H* € arg mr}n {Ccoord(G) + C'boundabry(Ga H7 P) + Cmaint(G)} .

This representation clarifies the conceptual contribution of the framework.
The network is not itself the organization.

Rather,

network = productive relationship structure,

while

organization = ownership partition imposed on that structure.

The same productive network can therefore support different organizational boundaries.

This is the central distinction between network structure and firm structure in the model.

B.38 B.38. Limiting Cases

The explicit graph model nests several familiar organizational environments.
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No network coordination. If

gij =0

for all 4, j, then all coordination occurs through the market.

Complete hierarchical integration. If every productive relationship is internal,

bij:O

for every active edge, then

C’boundaury(C;) =0.

Pure external network. If all active relationships cross ownership boundaries,
bij =1
for all active edges, then
Cboundary(G) = T(P> Z g’LJ
2
Perfect portability. If

T(P) — 0,

the ownership status of an edge ceases to affect its direct coordination cost.
The organizational boundary can then become increasingly detached from the productive

network itself.
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Zero portability. If

7(P) — o0,

external coordination becomes prohibitively costly, pushing the model toward internal
organization.
These limits connect the graph model to the canonical market—hierarchy framework while

retaining the possibility of a genuinely independent network architecture.

B.39 B.39. Implications for Social and AI-Mediated Coordination

The graph formulation also clarifies the theoretical role of contemporary coordination tech-
nologies.

A technology need not change the physical production function directly in order to alter
organizational structure.

It is sufficient for the technology to change one or more of

7(P), p'}jlv Kij, dij,

or the information available to agents when forming links.
Social-media systems can therefore affect organizational structure through relationship
formation, persistence, reputation, and information diffusion.

Al systems can additionally affect

qij

by increasing the effective coordination capacity associated with a given network, while

potentially reducing



through automated communication, translation, search, and workflow coordination.

The theory therefore does not require Al to be inserted as an additional primitive solely
because it is technologically novel. Al matters when it changes a structural parameter of
the coordination problem.

This distinction is important for the interpretation of the theory: the fundamental object
is not “AI” or “social media” per se, but the changing economics of coordination relation-

ships.

B.40 B.40. Summary of the Graph Extension

The explicit graph formulation establishes the following hierarchy:

gw—>nj—>Kj—>UU—>G*—>C';§,*—>H*

At the lowest level, g;; represents an individual productive relationship.

Aggregation generates provider scale n;, which determines coordination capacity K.
Capacity affects individual link payoffs and therefore feeds back into network formation.
The resulting equilibrium network G* determines the cost of network coordination.
Finally, the ownership partition IT* determines the organizational boundary.

The model therefore separates three objects that are often conflated:

relationship structure, coordination structure, ownership structure.

This separation is what allows the framework to describe economies in which productive

coordination becomes increasingly networked without requiring the firm itself to disappear.
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B.41 B.41. Existence of Pairwise-Stable Networks

We first establish existence of a stable network before imposing the increasing returns con-
dition. This separation is useful because existence and concentration are logically distinct.

For the existence result, consider a finite approximation with

T={1,....01}, J={L...,J}

Let

G~ (0.1}

denote the finite set of feasible bipartite networks.

For each potential link (i, 7), let

A3(G)

denote the change in agent ¢’s payoff from adding the link when it is currently absent,

and let

AL(G)

denote the corresponding change in provider j’s payoff.
For an existing link, the same notation denotes the payoff change from deleting it.

We impose the following regularity condition.

Assumption 8 (Finite-link regularity). For every network G € G and every potential link
(1,7), payoffs are finite and well defined. Link payoffs depend only on the finite network G

and the primitives 6.

Because G is finite, this assumption rules out pathological nonexistence arising from
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undefined or unbounded link payoffs.

Proposition 11 (Existence of a pairwise-stable network). Suppose Assumption 8 holds and
the network formation process is represented by a finite potential game. Then at least one

pairwise-stable network exists.

Proof. A finite potential game possesses at least one pure-strategy Nash equilibrium because

a potential function

d:Gg - R

attains a maximum on the finite set G.

Let

G* € arg max o(G).

Suppose that G* were not pairwise stable. Then either an existing link could be profitably
deleted or an absent link could be jointly added in a way that strictly increases the payoffs
of the relevant parties.

By the potential-game property, such a profitable deviation would strictly increase ®(G),
contradicting the maximality of G*.

Therefore G* is pairwise stable. O

The proposition is deliberately stated for a potential-game environment. Without such
a condition, finiteness alone does not guarantee pairwise stability: unilateral and bilateral
incentives can cycle.

The potential-game assumption is therefore substantive rather than merely technical.
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B.42 B.42. A Sufficient Potential

A convenient potential for the present model can be constructed when link surpluses are
additively separable.

Suppose total network surplus is

I J

(G) =>4 [Bij(G) — cij — 7;(P)] — C(G),

i=1 j=1

where C(G) collects congestion and other network-level costs.

If the marginal payoff of a link to each participant equals its marginal contribution to ®,
then the network formation game is an exact potential game.

This occurs, for example, when link-specific externalities are symmetric and the coordi-
nation benefit generated by a provider is shared according to a common surplus rule.

The assumption is restrictive, but useful because it provides a transparent sufficient

condition for existence.

B.43 B.43. Continuum Limit

The finite-network result provides the foundation for the continuum model.

Let

I —

while the empirical distribution of agent types converges weakly to

F(w).

Suppose that link payoffs are bounded and continuous in aggregate degree.

A sequence of finite networks
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{G"}

generates an aggregate network measure

Ha

in the limit.

Under standard compactness and continuity conditions, any convergent subsequence
whose deviation incentives vanish in the limit generates a pairwise-stable continuum net-
work.

The continuum formulation used in the main text should therefore be interpreted as the

limit of the finite-agent network game rather than as a primitive replacement for it.

B.44 B.44. Increasing Returns and Concentration

We now impose the key technological condition

v > 1.

Let two providers j and k have participation levels

n; > ng > 0.

For simplicity, first assume

and identical participation costs.

The average coordination capacity of provider j is
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while that of provider £ is

K = Aanz_l.
Since
y—1>0
and
n; > Ng,
we have
Kj > f(k

Thus the larger provider supplies greater coordination capacity per participant.

This is the local source of the concentration effect.

B.45 B.45. A Link-Surplus Condition

To characterize when this technological force translates into network concentration, define

the marginal link surplus to provider j as

S;(n;,w) = Bk (w, Aajn;»*) Aaﬂn%l — ¢j(w) — j(P) — rﬁ;(n])

J
The first term is the coordination-capacity benefit generated by the marginal link.

The remaining terms capture marginal costs.
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Define the net scale-feedback term

Rj(n;,w) = By (w, Aa;n)) Aajyn) " — k().

We say that provider j exhibits net increasing network returns on an interval N if

OR;(n,w)

o >0

for all relevant (n,w).

Notice that

v>1

alone does not guarantee net increasing network returns if congestion rises sufficiently
rapidly.

This qualification will be maintained throughout.

B.46 B.46. A Concentration Lemma

[Local advantage of a larger provider| Suppose that providers j and k have equal productivity
and equal direct participation costs. Suppose further that net network returns are increasing

in provider scale. If

n; > N,

then the marginal surplus from an additional relationship is greater at provider j than

at provider k:

Sj (TLj, w) > Sk(nk, w).
Proof. Equal productivity and equal direct costs imply that the difference in marginal surplus

173



arises only from the scale-dependent component.
By assumption,
R;(n,w)

is increasing in n. Since

n; > N,

it follows that

Rj(nj, w) > Rk(nk,w).

Therefore,

Si(n;,w) > Sk(nk,w).
Il

The lemma formalizes the feedback mechanism that was previously described verbally.
Once one provider becomes sufficiently larger, the marginal value of assigning another

relationship to that provider exceeds the corresponding value at a smaller provider.

B.47 B.47. Core-Periphery Networks

The previous result motivates a core-periphery characterization.

Let the provider set be partitioned into

and
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P,

where C denotes the core and P the periphery.

A network has a core-periphery structure if there exists

Ne > Ny

for all

ceC, peP,

and the marginal link surplus satisfies

Se(ne, w) >0

while

Sp(np> w) S 0

for the marginal participating types.
The core therefore attracts additional relationships while peripheral providers cannot

profitably expand at their current scale.

B.48 B.48. Core-Periphery Equilibrium

[Core-periphery equilibrium under net increasing returns| Suppose:

1. the network formation game admits a pairwise-stable equilibrium;

2. providers are sufficiently symmetric that differences in participation costs do not over-

turn scale effects;
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3. net network returns are increasing over the relevant range;
4. v > 1;

5. congestion costs are bounded so that the marginal surplus of a sufficiently large provider

remains positive over the relevant expansion range.

Then any pairwise-stable equilibrium exhibiting sufficiently unequal provider sizes admits
a core-periphery representation: providers above a threshold size constitute a core, while

providers below the threshold cannot profitably attract marginal relationships from the core.

Proof. Let the threshold n satisfy

S(n,w) =0

for the relevant marginal type.

Because net network returns are increasing,

Sp(n,w) > 0.

Hence

n>n = Sh,w) >0,

while

n<n = S(nw)<0.
Consider a stable equilibrium with unequal provider sizes.

Any provider with

7’Lj>7’L
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has positive marginal link surplus and therefore belongs to the core.

Any provider with

ng <n

has non-positive marginal surplus at its current scale.

By pairwise stability, a peripheral provider cannot induce a mutually profitable deviation
that transfers a marginal relationship away from the core.

Hence the equilibrium admits a partition into a set of above-threshold core providers and

below-threshold peripheral providers. O]

The theorem establishes a core-periphery implication without asserting that there must
be a unique core provider.

Full concentration requires additional conditions.

B.49 B.49. Full Concentration

We now state the stronger result.

Let

a1y = mjax a;

and suppose provider 1 is the unique productivity leader:

ay > a; VJ#l

Assume that the coordination benefit is sufficiently strong relative to provider-specific
costs.

[Stable concentration under strong increasing returns| Suppose:

1. y>1;
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2. provider 1 has strictly maximal productivity,

a; >a; Vj#1,

3. net network returns are increasing;
4. congestion does not overturn the productivity and scale advantage of provider 1;
5. agents single-home; and

6. for every peripheral provider j # 1, the gain from moving a marginal relationship from

7 to provider 1 is strictly positive.

Then every pairwise-stable equilibrium with positive aggregate participation assigns all

participating relationships to provider 1.

Proof. Suppose, to the contrary, that a pairwise-stable equilibrium has

n; >0
for some

J# 1L
Since

ay > a;

and v > 1, provider 1 has both a productivity advantage and, under the stated scale
condition, a coordination-capacity advantage once it has sufficient participation.
By assumption 6, transferring a marginal relationship from provider j to provider 1

strictly raises the participating agent’s payoff and does not reduce the provider-side payoff.
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Therefore the transfer is a profitable bilateral deviation.

This contradicts pairwise stability.

Hence
nj =0
for every
J# 1
Thus all participating relationships are assigned to provider 1. O]

The theorem is intentionally stronger than the core-periphery theorem and correspond-
ingly requires stronger assumptions.

Most importantly, increasing returns alone do not imply full concentration.

B.50 B.50. A More General Concentration Criterion

The preceding theorem can be stated without requiring identical costs.

Define the effective provider advantage

Aj(nj, ni, w) = B(w, Aajn]) — ¢j(w) — 75(P) — r;j(n;).

Provider j dominates provider k for type w whenever

Aj(ng,ng,w) > Ag(ng, nj,w).

Define the dominance condition

n

weg [Al(nl,nj,w) — Aj(nj,nl,w)] > 0.
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Then a sufficient condition for elimination of provider j from a stable network is

(B.50).

This formulation makes clear that concentration depends on the joint distribution of

rather than on ~ alone.

B.51 B.51. Portability and Ownership Partitions

We now turn to the second central result.
The productive graph G and the ownership partition II are distinct objects.
Let total surplus associated with a productive graph be

W<G7 H; P) = WN(G> - T(P)B<G7 H)>

where

Wn(G)

contains all ownership-invariant productive benefits and costs, while

B(G, 1)

is the number or weighted value of productive relationships that cross organizational
boundaries.

The organizational problem is

II*(G; P) € arg max W(G,IL; P).
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The network-formation problem is

G*(P) € arg max W(G,IT*(G; P); P)

in the planner formulation, or the corresponding equilibrium problem in the decentralized

formulation.

B.52 B.52. Ownership-Invariance Condition

Suppose that portability affects only the cost of crossing organizational boundaries:

IWnN(G)

9P =0.

Suppose further that the incentives to form productive relationships depend only on
Wiy (G) and not on the ownership label II.

Then portability affects the ownership partition but does not directly affect the produc-
tive graph.

This yields the following result.

Proposition 12 (Portability can change ownership without changing the productive net-

work). Suppose that:
1. productive network surplus Wy (QG) is independent of portability;
2. portability enters payoffs only through the boundary-crossing cost 7(P);
3. link formation depends on productive surplus but not directly on ownership labels; and
4. the equilibrium productive graph is locally unique.

Then, over any interval of P for which the network equilibrium remains locally unique,

dG*
dP

0,
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while the optimal ownership partition satisfies

d1r-
dP

#0
whenever changes in T(P) alter the relative cost of internal and external coordination.

Proof. By assumptions 1-3, the first-order conditions governing productive link formation
do not depend on P.

Therefore the network equilibrium satisfies

F(G*) =0

for a function F' independent of P.

By assumption 4 and the implicit function theorem,

e

dP =0

The ownership problem, however, depends on

7(P)B(G*,T0).

Since

(P) <0,

changes in P alter the relative cost of internal versus external relationships whenever
both types of partitions are feasible.

Hence IT* can change despite

G*
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remaining unchanged. O]

This proposition is particularly important for the theory because it separates a change

in the organization of production from a change in the productive relationships themselves.

B.53 B.53. The Ownership-Rewiring Distinction

Define a network-preserving organizational transformation as a change from

to

H/

such that

The transformation changes only ownership labels.

Define a network-rewiring transformation as a change satisfying

G +G.

These are fundamentally different margins.

Portability can therefore generate either

I —Ir with G' =G,

or
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(G, 11) — (G, 11).

The first is a pure organizational-boundary response.
The second is a technological response that changes productive relationships themselves.

The distinction allows the theory to generate an empirically testable prediction:

’organizational change need not imply network rewiring. ‘

B.54 B.54. The General Organizational-Boundary Theorem

We can now combine the network and ownership components.

Let

Chu(2)

denote optimized market coordination cost,

Cx(z, P)

optimized external-network coordination cost, and

#(2)

optimized internal coordination cost.

Define

AMN(Z, P) = C;I(Z, P) — C&(Z)

and
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Anp(z, P) = Ch(z) — Cx(z, P).

The organizational regime is determined by the sign pattern of these differences.

[General organizational-boundary theorem| Suppose:

1. the productive network equilibrium G*(z, P) exists and is locally stable;
2. optimized coordination costs are continuously differentiable in (z, P);

3. each pairwise organizational-cost difference has a regular zero; that is,
Aab<2*7 P*) =0

implies
OA
O.
5, 7O

and

4. portability reduces the marginal cost of external coordination:

aCcs,
oP

< 0.

Then locally the economy admits well-defined organizational boundaries separating mar-
ket, network, and firm regimes.
Moreover, the network regime expands relative to the firm regime as portability increases

whenever

acs,
aP

and
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oCL
orP

The boundaries satisfy

dz?VF . _8ANF/8P
dP N aANF/az

Proof. Existence and local stability of G* imply that optimized network costs can be repre-
sented locally as a differentiable reduced-form function.

Consider the network—firm boundary:

Anp(z, P) = 0.

By assumption 3,

ANF,Z 7é 0.

The implicit function theorem therefore yields a locally unique function

satisfying

Differentiating gives

*
dzyp

A =0
1P + AnFp ;

ANF,z

which implies
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dzyp _ Anpp

ar Anp.
Since
Ayrp = Cp — Cy,
and
C;“,P = 07
we have
ANF,P = — ;LP > 0.

Thus the direction of the boundary shift is determined by the sign of Axp .
An analogous argument applies to the market—network boundary.
Hence portability shifts the endogenous organizational boundaries whenever it changes

the relative cost of network and firm coordination. ]

B.55 B.55. The Main Structural Result

The preceding results can be summarized in a single structural chain:

~v — network scale returns - G* — Cx, — II*

while portability operates primarily through

P—7(P)—II"

when the ownership-invariance condition holds.
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Thus the two technological dimensions have distinct theoretical roles.

The scale elasticity

v

governs the internal structure of the coordination network.
Portability
P

governs the extent to which that network must be contained within a common ownership
boundary.
This distinction is what permits the theory to generate organizational transformation

without requiring the productive network itself to disappear or become vertically integrated.

B.56 B.56. Interpretation

The results above imply that three dimensions of economic organization must be distin-
guished.

First is the topology of production:

G*.

Second is the scale structure of coordination:

{n’; ;.]:1.

Third is the ownership partition:

IT".
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Canonical theories of the firm largely ask when the third object should absorb the second.
The present framework instead allows all three to be determined separately.

In particular, technological progress can produce the configuration

* vk * % * *
old — Gnew’ Told = Mnews 1_[old 7£ Hnew7

when portability changes while productive coordination technology remains unchanged.

Alternatively, technological progress can produce

* *
old % Gnew?

when it changes the incentives to form productive relationships.
The distinction is central to the theory’s claim that the boundaries of the firm need not

coincide with the boundaries of production.

B.57 B.57. Primitive Specification of Network Returns
We now specialize the coordination technology sufficiently to derive the network-formation
results from primitive parameters.

The specialization is deliberately parsimonious. Let the coordination capacity of provider
7 be

Kj(n;) = Aa;nj, A >0, a; >0, v > 0.

Let the productive value of coordination to an agent of type w be linear in effective

coordination capacity:
B(w,K) =wkK, w > 0.

The gross value generated by a relationship with provider j is therefore
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‘/ij (nj) = wiAajn;f.

Let the private cost of maintaining a relationship with provider j be

¢+ 7(P) + £j,
where ¢; is the provider-specific participation cost, 7;(P) is the organizational-boundary
cost, and k; is a relationship-maintenance or congestion cost.
For the primitive threshold result, define
m;(P) = ¢; + 7;(P) + K;.

The net value of participation for type w; is therefore

Uij(n]’; P) = wiAajn]- — m](P)

The corresponding marginal value of increasing provider participation is

oU;;
8nj

v—1

= w; Aa;yn]

When

v > 1,

the marginal value of provider scale is strictly increasing:

Thus increasing returns are a primitive property of the coordination technology rather

than a reduced-form assumption about link incentives.
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B.58 B.58. The Critical-Mass Threshold

A provider is attractive to an agent whenever

Uz-j(nj;P) Z 0.

Under the primitive specification,

wiAagni > m;(P).

Define the critical participation level for provider j and agent type w by

m;(P)]""
wAa, '

nj(w, P) = {

Participation is then characterized by

Uj(nj; P) >0 <= n; >n,(w;,P).

The threshold is decreasing in productivity:

on,;
-7 < 07
aaj
decreasing in agent type:
on;
— <0,
ow
and, because
Tj/-(P) <0,

decreasing in portability:
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— < 0.
oP
More explicitly,
on; 1 Ti(P
on 1,1
oP v “my(P)

Thus portability lowers the critical mass required for external network coordination.

B.59 B.59. Why the Critical-Mass Result Requires Increasing

Returns

The role of v can be seen directly from the participation condition.

It

then

Ul-j(nj; P) = wiA(leLj — mj(P),

and the marginal value of participation is constant:

oU;;
W; = wiAaj.
There is no increasing-return feedback.
If
0<vy<l,
then
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82Uij
On?

J

<0,

and the marginal value of additional participation falls with network size.

Only when

v>1

does the model generate a self-reinforcing scale mechanism:

8Uij

The critical-mass interpretation therefore has a technological foundation.

B.60 B.60. A Primitive Critical-Mass Proposition

Proposition 13 (Primitive critical-mass condition). Under
Kj(n;) = Aajnj, B(w, K) = wK, v > 1,

a provider j attracts a type-w relationship if and only if

1
N> Cj+Tj(P)+/€j /’y‘
T wAa;

Moreover, the threshold is strictly decreasing in A, a;, w, and P whenever 7;(P) < 0.

Proof. The participation condition is

wAa;n] > cj +7;(P) + K.

Since all terms are positive and v > 0, taking the 1/ power gives
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1
0> |G TP) +ky /7.
7= wAa;

Differentiation gives the stated comparative statics.

B.61 B.61. Heterogeneous Agents and Provider Activation

The threshold result becomes more informative when agent types are heterogeneous.

Let the distribution of productive-agent types be

F(w)7

with support

[w, &].

Given provider scale n;, the marginal participating type satisfies

" m;(P)
wj(ny, P) = m

Agents with

w; > w;(nj,P)

find participation weakly profitable.

Hence the mass of agents willing to participate with provider j is

Nj(n;,P)=1—F (mj(P)> .

q
Aa]nj

An equilibrium provider scale satisfies
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nj = Nj(n;, P).

Equation (B.61) is the primitive network formation fixed point.

It makes the scale feedback explicit:

an = wji = NJT

The provider’s scale attracts additional types, which further increases scale.

B.62 B.62. A Primitive Network Activation Threshold

Consider the highest-cost type willing to participate, w.
Define

It

then every type in the support of F’ weakly prefers participation with provider j.

Conversely, define

mr/w.

wAa;

n;’(P) = [

For

n; < ;" (P),

even the highest-value type does not find participation profitable.
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Thus the network possesses an explicit activation region:

— top

nj <mn; = no voluntary activation,

and an expansion region above the relevant critical mass.

B.63 B.63. Provider Productivity and Critical Mass

For two providers j and k, suppose

a; > ag

and

Then

The more productive provider therefore requires a smaller installed base to become viable.

This is the primitive source of provider selection.

Importantly, it does not require that the more productive provider initially have a larger

network.

A provider with a productivity advantage may remain inactive if it begins below critical

mass.

This generates the possibility of multiple stable network configurations.

B.64 B.64. Coordination Technology and Multiple Equilibria

Consider a symmetric provider with productivity a and cost m.
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An equilibrium scale solves

nZl_F(AZ?ﬂ)'

Define

\If(n)zl—F< m )—n

Aan”

An equilibrium satisfies

The derivative is

\y/(n):f( m ) M

Aanv/ Aanyt!

Consequently, multiple fixed points can arise when the scale-feedback term is sufficiently

strong:

()

Aanv/ Aanrt!

over some interval.

Thus increasing returns can generate:

low-scale equilibrium, unstable threshold, high-scale equilibrium.

This is the precise sense in which the model generates a network “takeoft” mechanism.
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B.65 B.65. Explicit Threshold under a Uniform Type Distribu-
tion

For an explicit closed-form illustration, suppose

w~ Ulw, @]
Then
w—w
F(w) = —.
)= 52

Multiplying through gives

Equivalently,

Aaj (w — g)n}’“ — Aajwn} + my; (P) = 0.

This polynomial characterizes equilibrium provider scale.

Although a closed-form solution is generally unavailable for arbitrary =, the critical-mass
thresholds remain explicit through equation (B.58).

The distinction is useful: the participation threshold has a closed form even when the

aggregate equilibrium scale does not.
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B.66 B.66. A Primitive Core-Periphery Condition

We can now state a primitive sufficient condition for core-periphery formation.

Let providers be ordered by effective productivity net of participation cost:

A larger x;(P) means that provider j converts a unit of network scale into coordination
value more efficiently relative to its participation cost.

Suppose

Then

< ng(w, P).

Provider 1 therefore has the smallest critical mass.

B.67 B.67. Core-Periphery Theorem in Primitive Parameters

[Primitive core-periphery condition] Suppose:

Kj(n;) = Aa;n] A >0, v > 1;

VR

3. agents single-home;
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xu(P)>x;(P)  Vj#1
5. the provider-demand fixed point exists; and
6. the high-scale equilibrium of provider 1 is locally stable.

Then any equilibrium in which provider 1 crosses its critical-mass threshold satisfies

ny > ﬁl(w, P)

for the relevant marginal type, while providers satisfying

n; < ﬁj(w, P)

cannot attract that marginal type.
Consequently, equilibrium network structure is core-periphery: provider 1 constitutes
the core whenever it is activated, while providers that remain below their respective critical

masses constitute the periphery.

Proof. From the primitive participation condition,

le Z ﬁj(W,P)

is necessary and sufficient for a type-w relationship to be profitable.

Since

xi(P) > x;(P),

we have



for every j # 1.
Hence provider 1 requires the smallest installed base to attract the relevant type.
If provider 1 crosses its critical mass, increasing returns imply that additional scale lowers
the marginal type required for participation:
owy — ymy(P)

= < 0.
ony Aayn]™

The activated provider therefore attracts a weakly larger set of types as scale expands.
A provider j below its critical mass cannot profitably attract the relevant marginal type.
Hence the activated provider forms the core and inactive or subcritical providers form the

periphery. ]

B.68 B.68. Full Concentration as a Stronger Result

Core-periphery structure does not imply that all relationships must belong to one provider.
To obtain full concentration, we require a stronger condition.

Let

Ayj(w,ny,nj; P)

denote the payoff gain to an agent of type w from switching from provider j to provider

Ay; = wA (an] — a;n]) — [mi(P) —m;(P)].

Suppose

A1j>0

for every participating type and every peripheral provider j.
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This is a primitive dominance condition.

B.69 B.69. Primitive Concentration Theorem

[Concentration under increasing returns and provider dominance| Suppose the assumptions

of Theorem B.67 hold. In addition, suppose that provider 1 satisfies

my(P) —m;(P)
wA

ani — a;n; >

for every j # 1 and every positive peripheral scale n;.
Then no positive-measure set of agents can remain attached to a peripheral provider in
a pairwise-stable single-homing equilibrium.

Consequently,

n; = 0 VJ 7& 1,
and the equilibrium network is fully concentrated on provider 1.

Proof. For any participating agent,

Condition (B.69) therefore implies

wA (a1n] — a;n]) > my(P) —m;(P).

Rearranging gives

wAain] —my(P) > wAa;n] —m;(P).

Hence every participating type strictly prefers provider 1 to provider j.
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If a positive-measure set of agents remained attached to 7, any such agent could profitably
switch to provider 1.
This contradicts pairwise stability.

Therefore

for every j # 1. O]

B.70 B.70. Interpretation of the Concentration Condition

Condition (B.69) is stronger than

ay > aj.

The reason is that provider productivity interacts with endogenous scale.
Even a provider with higher primitive productivity need not dominate if it has a suffi-
ciently small installed base.

The relevant object is therefore

not a; alone.

This yields an important distinction:

technological advantage # equilibrium network advantage.

A provider can possess superior coordination technology but fail to become the network
core because it does not cross the critical-mass threshold.

Conversely, an initially larger provider can retain a network advantage even with slightly
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inferior primitive productivity.

B.71 B.71. Path Dependence

The preceding observation generates path dependence.
Suppose providers j and k have identical primitive productivity,
aj = dag,

but

n;(0) > ny(0).

Under increasing returns,

n; > N

implies

7 %
Aajnj > Aagny.

Consequently, the larger provider offers greater coordination capacity, which raises its
attractiveness and can generate further scale.

The difference evolves according to

Angr = D(n;(t)) — D(ni(t)),

where D(-) is provider demand.
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over the relevant range, small initial differences are amplified.

Thus the model can generate multiple stable network configurations even when providers
are technologically identical.

This is a network externality result, but here it follows directly from the coordination-

capital production function.

B.72 B.72. Portability and the Critical-Mass Threshold

Recall that

¢ +7(P) + ;"
wAa, ’

nj(w, P) = [

Differentiating with respect to portability gives

on;  T(P) {cj—l—Tj(P)—i-/ijTM_l

o°P ywAa; wAa;
Since
TJ/-(P) <0,
we obtain
on;
—= < 0.
oP

Portability therefore lowers the installed base required to activate a provider.

This gives a second channel through which technology can alter network structure:

Pt = n;| == more providers can become viable.

Thus, unlike the pure increasing-returns force, portability can promote network decen-

tralization.
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B.73 B.73. Portability and Concentration: Opposing Forces

The model therefore contains two potentially opposing technological forces.

Increasing returns generate

v1 = stronger scale feedback = greater concentration.

Portability generates

Pt = 71(P)l = lower critical mass.

The second effect can increase the number of viable providers.
Consequently, the effect of technological progress on concentration is not signed in gen-
eral.

In particular,

coordination technology can simultaneously increase scale economies and reduce organizational concentr:

This is one of the central implications of the framework.

B.74 B.74. A Joint Concentration Condition

Let

C(P,7)

denote the equilibrium concentration of provider relationships.

The model implies that the sign of
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ac
oP

cannot be determined from portability alone.
A sufficient condition for portability to reduce concentration is that the fall in critical
masses is sufficiently large to activate additional providers:
on;

opP

min
j

must exceed the corresponding change in the equilibrium scale of the dominant provider.
Conversely, if portability disproportionately benefits the already dominant provider, con-
centration may increase.

Hence the relevant empirical object is not simply portability but the interaction

(P7 Clj,ﬂj,’Y)-

B.75 B.75. A Referee-Relevant Identification Observation

The primitive derivation also clarifies the identification problem among A, a;, and 7.

The participation condition is

wAa;n] > m;(P).

Taking logarithms at an interior participation boundary gives

logm;(P) = logw + log A + log a; + ylogn,.

Without independent variation in n; and information that separates a; from A, the data

identify only the composite productivity term
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ACLJ'.

Similarly, without sufficient variation in network scale, v cannot be cleanly separated
from provider productivity.

Identification of 7y therefore requires variation in network scale that is plausibly exogenous
to unobserved coordination productivity, or an appropriate structural restriction on a;.

This is why the theoretical parameter v should not be interpreted empirically as identified

merely from cross-sectional concentration.

B.76 B.76. Summary of the Primitive Network Theorem

The primitive model yields the following chain:

J— nY
K; —Aajnj

implies

Uij = (A)Z‘ACL]‘TL;/ — mj(P),

which implies the critical-mass threshold

Increasing returns,

v >1,

make network attractiveness increasing in provider scale.

Provider heterogeneity determines relative critical masses:
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A provider with a sufficiently low critical mass can become the network core.

Full concentration requires the stronger dominance condition

aini — an; >

my (P) —m;(P)
wA '

Portability lowers critical mass:

on,

The resulting structure can therefore exhibit either concentration or decentralization

depending on the interaction between

v, P, aj, m;.

This establishes the network-formation mechanism directly from the primitive coordina-

tion technology rather than imposing concentration as a reduced-form property.

B.77 B.77. General Coordination Benefits

The closed-form results above use the linear specification

B(w,K) =wKk

for tractability. We now show which results survive under a general coordination-benefit
function.

Let

B:R+XR+—>R
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satisfy

By(w, K) > 0.

The provider-level coordination technology remains

Kj (TLJ) = Aajn}.

The net payoff from participation is

UZ](TLJ,P) =B (wi,Aajn]-) — mj(P),

where

m;(P) = ¢; + 1;(P) + K;.

A type w participates if

B (w, Aajn)) > m;(P).

Suppose that, for every relevant w, the function

B(w, K)

is continuous and strictly increasing in K.

Then there exists a unique coordination-capacity threshold

Kj(w, P) = B! (w,m;(P)),

where the inverse is with respect to the second argument.

Consequently, the corresponding network-scale threshold is
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n(w, P) = {%%P)} 2

Thus the critical-mass result does not depend on linear benefits.

B.78 B.78. Comparative Statics of the General Threshold

Differentiating the participation boundary

B (w, Aa;n}) = m;(P)

with respect to P gives

_10N;
By Aajyn] 1@}1 = 7;(P)
Hence
on; 7 (P)
oP BKACLj’}/T_l;-Yil .
Since
mi(P) <0
and
B >0
we obtain
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on,
a_P < 0.

Thus the portability result is independent of the linear-benefit specification.

Likewise, differentiating with respect to provider productivity gives

@aj BKAajwﬁ;_l 7

and therefore

O -
da, va,
The elasticity is particularly simple:
8log ﬁj o
dloga; v
The same result holds for A:
dlogn; 1
dlogA v

Thus v determines the elasticity of the critical mass with respect to coordination pro-

ductivity.

B.79 B.79. General Scale Feedback

The marginal value of provider scale under the general specification is

anj
(9nj

v—1

= By (wi, Aajn;f) Aajyn]

Differentiating again gives

212



0%U;.;
on?

J

= Bix (wi, Aa;n]) (Aajvn;_l)Q

+ Bi (wi, Aajn]) Aajy(y — 1)n;7_2. (1)
Hence a sufficient primitive condition for increasing marginal network returns is

Brrg >0

together with

v > 1.

More generally, the necessary and sufficient condition is

BKK(Aaﬂ/n;_l)Q + BrAa;y(y — 1)n]7_2 > 0.

This condition is weaker than requiring both

Brrg >0

and

v>1

For example, sufficiently strong convexity in coordination benefits can partially compen-
sate for 7 < 1, whereas sufficiently strong concavity in B can offset the increasing returns
embedded in Kj(n;).

The economically relevant primitive is therefore not v in isolation, but the curvature of
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the composite mapping

n;+— B (w, Aajnj-) )

B.80 B.80. Generalized Core-Periphery Condition

Define

R;(n,w) = By (w, Aa;n”) Aa;yn"".

This is the gross marginal return to provider scale.

The net marginal return is

Sj(n,w; P) = Rj(n,w) — j(n).

A primitive sufficient condition for a scale threshold is

aS;

— >0
on

over the relevant interval.

By equation (1), this holds whenever

BKK(Aajwﬂ_l)2 + BrAajy(y — 1)717_2

> K5 (n). (2)

This is the primitive condition underlying the reduced-form assumption of net increasing
network returns.
It states that the curvature of gross coordination benefits must dominate the curvature

of congestion or relationship-maintenance costs.
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B.81 B.81. General Critical Scale

Suppose there exists a marginal type w such that

S;(n,w; P)
is strictly increasing in n.
Define the critical scale n; by
S;(ij,w; P) = 0.
Then
n; > ﬁj

implies a positive marginal return to additional network scale, while

n; < ij

implies a negative marginal return.

This threshold is distinct from the participation threshold
77Lj (w, P)

The former concerns the return to expanding an existing network; the latter concerns
whether an individual relationship is willing to join.

The distinction matters because a provider can have

nj>nj

and nevertheless have
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n; < ﬁj
if marginal congestion rises sufficiently quickly.

Thus participation viability and expansion incentives are not equivalent.

B.82 B.82. Generalized Concentration Theorem

We can now state the main network result without imposing linear coordination benefits.

[General concentration theorem| Suppose:

Kj(n;) = Aa;n;

3

BK<W7K) > 07

3. the composite coordination benefit satisfies

82
a_niB (w,Aajnj-) >0

over the relevant scale interval;

4. congestion costs satisfy

but are sufficiently weak that the net marginal return remains increasing;
5. agents single-home; and
6. provider 1 satisfies a strict effective-productivity dominance condition over all providers

Jj# 1.
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Then any pairwise-stable equilibrium in which provider 1 crosses the critical expansion
threshold exhibits a core-periphery structure.
If, in addition, every participating type strictly prefers provider 1 to every peripheral

provider, the equilibrium is fully concentrated on provider 1.

Proof. Conditions 1-4 imply that the net marginal return to provider scale is increasing.

Consequently, once provider 1 crosses the critical expansion threshold, additional scale
raises the marginal return to participation.

Strict effective-productivity dominance implies that, at a common scale, provider 1 gener-
ates at least as much coordination value as every alternative provider, with a strict inequality
over the relevant type set.

Hence relationships attracted to provider 1 reinforce its coordination advantage.

Providers that remain below their critical expansion threshold cannot profitably replicate
this feedback.

This generates the core-periphery structure.

If the stronger type-by-type dominance condition holds, any relationship assigned to
a peripheral provider admits a profitable deviation to provider 1, contradicting pairwise
stability.

Therefore all participating relationships must be assigned to provider 1. O

The theorem shows that the qualitative concentration result survives the replacement of

linear benefits with a broad class of nonlinear coordination technologies.

B.83 B.83. What the Network Theorem Does Not Claim

The theorem does not imply that increasing returns necessarily produce a monopoly.
Three additional forces can prevent full concentration.
First, provider heterogeneity may be sufficiently strong that several providers possess

distinct comparative advantages.
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Second, congestion may eventually dominate scale economies.
Third, multi-homing may permit productive agents to maintain several relationships

simultaneously.

Thus

v>1

is a necessary component of the concentration mechanism in the present specialization,
but it is not by itself sufficient for monopoly.

The distinction is important for interpreting the theory empirically.

B.84 B.84. Multi-Homing

The single-homing assumption used for the concentration theorem is now relaxed.

Let agent ¢ choose a set

of providers, with
|H;| = d;.
Suppose the agent’s total coordination value is

Vi=DB (wi, Z Kj(nj)> .

JjeEH;

The marginal value of adding provider k is

Ai = B (wi, K" + Ki(nk)) — B (wy, Ki') — iy — 7 (P),

(2

where
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K=" Kjny).

JjEH;
Under sufficiently strong complementarities across providers, multi-homing can itself be-
come attractive.
Hence concentration need not eliminate network pluralism when agents can simultane-
ously access several coordination providers.
This extension reinforces the distinction between network concentration and organiza-

tional concentration.

B.85 B.85. Portability and Network-Preserving Boundary Changes

Return to the ownership partition II.

Suppose portability enters only through

7(P)
and does not enter
Kj(”j)
or
B(w, K)

Then the productive network formation problem is independent of the ownership partition
whenever link formation depends only on productive surplus.

In particular,

G*(P) =G
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over any interval in which the equilibrium is unique.

The ownership partition may nevertheless change because

C’boundary - T(P)B<G*7 H)

Thus

Pt
can generate

H:;ld 7é H;klew
without

GZld 7é G;klew'

This is the network-preserving boundary transformation established in Section 12.

B.86 B.86. When Portability Does Change the Network

The preceding result is not universal.

Suppose portability also affects the productive value of external relationships:

Kj = Kj(n;, P).
Then
IK,
oP 70

and the link-formation problem depends directly on portability.
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The network equilibrium satisfies

F(G*,P)=0.
Provided the Jacobian
Fgq
is nonsingular,
dG* _
= —F;'Fp.
Thus
dG*
0
dP 7

whenever portability directly changes productive link incentives.

This yields a sharp distinction:

P changes only boundary costs = G* can remain invariant,

whereas

P changes productive link value = G* generally changes.

The theory therefore does not hard-code network invariance; it identifies the condition

under which it arises.
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B.87 B.87. The Full Boundary Decomposition

The total response of organizational structure to technological change can therefore be de-
composed as

air - oI ol* dG*

P~ 0P oG dp -

The first term is the direct boundary effect.
The second is the network-reconfiguration effect.

Under the ownership-invariance condition,

dG*
arP 0,
SO
dire o
dP 0P’

When portability also changes productive link incentives,

dGg”
dP

40,

and organizational transformation reflects both margins.
This decomposition provides the formal bridge between technological change and the

endogenous boundaries of the firm.

B.88 B.88. Relation to the Main Organizational Boundary

The main text defines organizational regimes through optimized costs:

Cu(z),  COy(zP),  Cp(2).
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The network model supplies the missing microfoundation for

Cx(z, P).

Specifically,

Cyx(z,P)=Cy(2,G*(2,P),P).

The equilibrium graph solves

G*(z,P) € G*(z, P),

where G* denotes the set of stable networks.

Thus the network organizational cost is endogenous:

v =Cn(G").

The organizational-boundary theorem in the main text can therefore be interpreted as
operating on a reduced-form cost function whose network structure has been derived rather

than assumed.

B.89 B.89. The Three Technological Margins

The complete model distinguishes three technologically meaningful margins.

Coordination productivity. An increase in

A

raises coordination capacity for all providers:
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OK;

_ ¥
=a;n; > 0.

Scale elasticity. An increase in

v

strengthens the response of coordination capacity to network scale:

0long .

dlogn;

Portability. An increase in

P

reduces the cost of maintaining productive relationships across ownership boundaries:

Tp < 0.

These mechanisms should not be empirically conflated.

In particular,

At

need not have the same organizational consequence as

7T,

and neither is equivalent to

P1.
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The first changes the level of coordination productivity, the second changes its scale

elasticity, and the third changes the ownership cost of external coordination.

B.90 B.90. Identification of the Structural Parameters

The structural decomposition also provides guidance for empirical identification.
Suppose the researcher observes provider scale n;, participation outcomes, and a measure
of coordination performance Y;.

Under

J— 7
Kj = Aajn;,

the logarithmic relationship is

log K; = log A +log a; + vlogn,.

Provider fixed effects can absorb

log a;,

while variation in n; identifies v provided that scale variation is not perfectly correlated
with unobserved shocks to coordination productivity.

Portability can then be identified from variation in the cost of external coordination:

T(P).

The structural separation therefore requires three conceptually distinct sources of varia-

tion:

scale variation — 7,
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provider heterogeneity — aj;,

and

boundary-cost variation — P.

Cross-sectional concentration alone cannot identify all three.

B.91 B.91. Final Network Result

The graph extension can now be summarized in a single proposition.

Proposition 14 (Structural decomposition of networked organization). Under the regularity

conditions established above, the equilibrium organization can be represented by the tuple

(G" {3}, 117)
where:

1. G* is the equilibrium productive network;
2. {n}} is the resulting distribution of coordination scale; and

3. II* is the ownership partition imposed on the productive network.

Increasing returns in

R nY
K; —Aajnj

generate scale feedback in G*.
Portability affects II* through the boundary cost T(P) and affects G* only when it also

enters productive link incentives.
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Consequently, technological change can generate any of the following distinct transforma-

tions:

(G*,H*) N (G*,H*/),

(G*,H*) N (G*/,H*),

or

(G*,H*) N (G*,,H*/).

The first is a pure organizational-boundary transformation, the second is a pure network

transformation, and the third combines both.

Proof. The result follows from the preceding decomposition.

The productive graph is determined by the link-formation problem, whereas the owner-
ship partition is determined by the relative costs of internal and external coordination.

If portability enters only the latter, the graph can remain unchanged while the ownership
partition changes.

If technological change enters productive link incentives, the graph changes.

If it enters both, both objects change. O]

B.92 B.92. Appendix B: Concluding Remarks

Appendix B has established the graph-theoretic foundations of the theory.

The principal sequence is

gzj%n]—)Kj—)UU%G*—)C;;—)H*
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The network is therefore an endogenous equilibrium object rather than an exogenous
organizational form.

The central technological mechanism is

J— nY
KJ—AaJnj.

When the composite coordination technology exhibits increasing marginal returns to
network scale, sufficiently large providers can acquire a self-reinforcing advantage.

This generates critical mass, core-periphery structure, and, under stronger provider-
dominance conditions, concentration.

At the same time, portability operates on a different margin:

Pt = 7(P)l.

It can therefore reduce the amount of ownership integration required to support a given
productive network.

The resulting theory does not predict a universal movement toward either larger firms or
smaller firms.

Instead, technological change acts simultaneously on:

scale economies, network formation, relationship portability, ownership boundaries.

The organizational form of the economy is the equilibrium outcome of these interacting

margins.
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A Identification and Structural Derivations

This appendix develops the identification implications of the model and clarifies the mapping
between its structural primitives and observable organizational outcomes. The objective is
not to impose a particular empirical implementation, but to establish which components of
the theory are separately identifiable under alternative sources of variation and which are
not.

The central structural objects are

Aa {aj}}‘]:h e Pv T(P)a

together with the equilibrium network

G*

and ownership partition

IT".
The analysis distinguishes three conceptually different margins:
1. the productivity of coordination;
2. the scale elasticity of coordination; and
3. the cost of coordinating across ownership boundaries.

This distinction is essential because observational changes in firm size, network structure,

and ownership need not identify the same underlying technological force.

A.1 C.1. Structural Observables

Let the observable outcome vector for organization o be
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Y; = (Qm No> Dm Sm Hm Ho) )

where:

(), denotes productive output or coordination performance;

N, denotes organizational or network scale;

D, denotes network density;

S, denotes concentration or ownership scale;

H, denotes the degree of external or portable relationships; and

IT, denotes the ownership partition.

The theory implies that these observables are jointly determined rather than independent
outcomes.

In particular,

Qo = Q (GZ>H27A7 {aj}afy) )

while

G, = G" (A, {a;},v, P, T, costs, heterogeneity) .

The ownership partition satisfies

I} = II* (G}, P, 7, internal coordination costs) .

The resulting causal ordering is therefore

(A,a;,v,P) — G — II" — Q.
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This ordering should not be interpreted as requiring that all technological variables be
exogenous in an empirical application. It describes the structural mapping implied by the

model.

A.2 C.2. Identification of Coordination Productivity

Consider first the coordination technology

Kj (n]) = ACL]'T?,’Y.

J

Taking logarithms gives

log K; = log A + log a; + vlogn;.

This equation immediately reveals an identification limitation.
If A is common across providers and a; is an unrestricted provider specific productivity

term, then the data identify

log A + log a;
rather than log A and log a; separately.
Accordingly, without an additional normalization,

A

is not separately identified from the level of provider productivity.
A natural normalization is

E[loga;] = 0,

under which
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log A = Ellog K; — vlogn,].

Alternatively, one may normalize one reference provider,

(1,1:]_,

so that

A

represents the productivity of the reference provider.

The choice of normalization has no implication for the comparative statics of the model.

A.3 C.3. Identification of the Scale Elasticity

The scale parameter - is identified from variation in network scale that changes coordination
capacity while holding provider productivity constant.

From equation (A.2),

dlogn;

Thus 7 is the elasticity of coordination capacity with respect to network scale.

The structural interpretation is distinct from a conventional production elasticity because
n; measures the scale of a coordination network rather than necessarily the quantity of a
conventional physical input.

A sufficient condition for point identification of v is the existence of variation in n;

conditional on the relevant productivity determinants such that

Var (logn; | a;, controls) > 0.
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If provider scale is itself chosen in response to unobserved productivity shocks, however,
ordinary regression of log K; on logn; does not identify ~.

The endogeneity problem is immediate from

n; =nj(a;, Ay, P, ...).

Consequently,

Cov (log n;,log aj) #0

in general.

Identification of « therefore requires either:

1. an exogenous source of network-scale variation;
2. a valid instrument for network scale;
3. a structural dynamic restriction; or

4. a design in which network scale changes independently of contemporaneous coordina-

tion productivity.

This is a substantive identification requirement of the theory rather than a technical

nuisance.

A.4 C.4. Identification from the Participation Boundary

The participation condition in the tractable specialization is

wAajn; > m;(P).

At an interior participation boundary,
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wAa;n] = m;(P).

Taking logarithms gives

logm;(P) = logw + log A + log a; + ylogn,.

This provides an alternative route to identifying .
Suppose the researcher observes the marginal type w; that is indifferent between partic-

ipation and nonparticipation. Then

logwj = logm;(P) —log A —log a; — ~logn;.

Holding the cost and productivity terms fixed,

dlogws

dlogn; -

Hence network scale shifts the participation margin with elasticity —.

This provides a distinct empirical implication from the production-side relationship in

equation (A.3).

A.5 C.5. Identification of Portability

Portability enters the model through the boundary-cost function

The organizational boundary condition compares internal and external coordination

costs:
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Let

AC(z,P) = Cn(z,P) — Cr(2).

The ownership boundary is characterized by

AC(z,P)=0.

Differentiating the boundary implicitly gives

dz*  OAC/OP

AP~ OAC/0z’

provided

OAC
0z

£ 0.

If portability reduces external coordination costs,

ICn

— <0
oP ’

then

0AC <0

oprP ’

Thus the sign of the organizational-boundary response is determined by the slope of the
cost difference with respect to organizational scale.

This makes explicit that the model does not identify an organizational effect from porta-

bility without observing the relevant boundary margin.
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A.6 C.6. The Ownership Boundary as an Estimand

Define the ownership-boundary treatment effect as

_ 0II*(2, P)

Or(2) oP

Because IT* is generally discrete, the more useful empirical object is the probability of

external organization:

Pext(z, P) = Pr (II" = external | z, P) .

Then
Opext (2, P
Op(s) = 2L 5(13 )
The theory predicts
@p(Z) >0

under the standard condition that portability reduces the relative cost of external coor-
dination.

The magnitude of the effect should generally vary with organizational scale:

a2pext
OP 0z

£ 0.

This interaction is important because portability matters most where the alternative

between internal and external coordination is economically relevant.
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A.7 C.7. Distinguishing Portability from Coordination Produc-
tivity
A central identification problem is distinguishing an increase in coordination productivity A
from an increase in portability P.
Both can increase observed organizational performance.

However, they imply different structural responses.

An increase in A changes

o Y
K; —Aajnj

directly and therefore affects productive network incentives.
An increase in P, when portability enters only through 7(P), changes the cost of assigning

a relationship to an external owner but leaves

Kj(n;)
unchanged.
Therefore:
dG*
A
T = T #0

in general, whereas under the network-invariance condition,

G

P
T dP

0.

This gives the theory a direct distinguishing prediction:

productivity-enhancing technology = network response,
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whereas

pure portability technology = boundary response without necessary network response.

Observing both network structure and ownership structure is therefore essential for test-

ing the theory.

A.8 C.8. Distinguishing v from A

The parameters A and ~ have different implications for scale.

Since

e Y
K; = Aajn;,

an increase in A produces a proportional shift:

Olong 1
dlogA
By contrast,
Olog K |
——— = logn,;.
oy &1

Hence changes in v have effects that vary with network scale.

For two network sizes ng > nr,

dlog Ky /0y  logng
Olog K1/oy  logng’

The scale-dependent response therefore distinguishes changes in the level of coordination

productivity from changes in its scale elasticity.
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In particular, an increase in 7 disproportionately raises the coordination capacity of large
networks.

This is the structural source of the theory’s concentration prediction.

A.9 C.9. Concentration as a Structural Outcome

Let the provider concentration index be

n.
C= E s?-, Sj = —=—"—.
>k Tk

J=1

For two providers,

C=s"+(1-s)

The derivative with respect to the dominant provider’s share is

oC
— = 4s — 2.
O0s
Thus concentration increases whenever
- 1
8 —
2

and the dominant provider’s share rises.

The structural effect of scale elasticity is

The sign is not globally determined without further restrictions on provider heterogeneity
and network formation.

This is consistent with the main theoretical result: increasing returns are a force toward
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concentration, not a universal theorem of monopoly.

A.10 C.10. Network Density

Let

G=(V,E)

be the equilibrium graph, with

V|=N, |E|=M.

Network density is

2M

DI&) = v -1

The theory distinguishes density from organizational integration.

A network can become denser while ownership becomes more fragmented:

D(G) 1, [T

Likewise, organizational integration can increase while productive network density falls
if internal ownership substitutes for external links.

This distinction provides an additional empirical test of the theory.

The canonical theory of the firm tends to focus on the ownership boundary, whereas
the present framework permits the productive network and ownership partition to move

independently.

A.11 C.11. The Network—Firm Gap

Define the network—firm gap as
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g = D(G) — D(II"),

where D(IT*) denotes an appropriate measure of organizational connectivity induced by

common ownership.

The exact normalization is application-specific, but the conceptual object captures the
difference between:
productive connectedness

and

ownership connectedness.

The central prediction of the theory is that technological progress can increase this gap.

In particular, under a pure portability shock,

dG*
=0

dP
while

dIT*

dP 7 0.
Therefore,

dg

— 0.

dP 7

This is precisely the phenomenon that a theory based solely on the market—firm dichotomy

cannot represent.

241



A.12 C.12. A Structural Moment Representation

The model can be represented through moment conditions.

Let

0 = (A777 {a’j}7 P7 7])

denote the structural parameter vector, where 7 collects preference, cost, and heterogene-
ity parameters.

Let

Y;

denote observed organizational outcomes and

Xi

the corresponding technological and organizational covariates.

The structural model implies

Y = V(Xi;0) + e

A valid moment vector satisfies

E [m(Yi,Xi;eoﬂ = 0.

For example, under the log-linear coordination technology,

my = log K; — log A — log a; — v logn,.

For the participation boundary,
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For the ownership boundary,

The theory therefore generates restrictions simultaneously from production, participa-
tion, network formation, and ownership.
This joint structure is important because estimating any one equation in isolation gen-

erally does not identify the complete theory.

A.13 C.13. Identification through Multiple Margins

The structural parameter vector is identified when the mapping

0 — (E[m4], E[ma], E[ms], .. .)

is locally one-to-one.

A sufficient local condition is that the Jacobian

OE[m(Y, X; 6)]
00

J(0) =

has full column rank at the true parameter value:

rank J (0p) = dim(0).

This provides the appropriate formal statement of identification.
In particular, the theory should not claim that A, a;, and ~y are identified merely because

each appears in the model.
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They are identified only when the available variation produces linearly independent re-

strictions on them.

A.14 C.14. Testable Restrictions

The framework yields several testable restrictions.

Restriction 1: Scale elasticity. Conditional on provider productivity,

dlogn; B
Restriction 2: Critical mass. Participation probability should increase with provider

scale whenever the coordination technology exhibits increasing returns:

0 Pr(participation)

> 0.
(9nj

Restriction 3: Portability and external coordination. Holding productive network

structure fixed,

0 Pr(external ownership)

P > 0.

Restriction 4: Network—ownership separation. Under pure portability,

dG*

dP 0
while

dlIT*

1P £ 0.
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Restriction 5: Scale-dependent technological effects. If 7 rises, larger networks

should experience a larger proportional increase in coordination capacity:

82 lOg Kj

— = 1.
0y Ologn;

Restriction 6: Concentration under sufficiently strong returns. Under the domi-

nance conditions established in Appendix B,

dc

— > 0.
dry

The final restriction is conditional rather than universal, and should be presented as such.

A.15 C.15. Distinguishing the Theory from the Canonical Bound-
ary Condition

The canonical theory of the firm can be represented by a comparison between internal and

external coordination costs:

The present framework nests this comparison but introduces additional equilibrium ob-

jects:

G*

and

IT".

The corresponding comparison is
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CF (Z, G*,H*) § CN (Z,G*,P) .

Thus the organizational boundary is endogenous to a productive network that may persist
across ownership boundaries.

This yields an empirically distinguishable prediction:

ownership integration # productive integration.

The distinction becomes increasingly important as P rises.

A.16 C.16. Counterfactual Decomposition

Consider a technological change from

(A07 Y0, PO)

to

(Ala’Vl,Pl)-

The total change in an organizational outcome Y can be decomposed as

AY = [Y(A1,7, Po) — Y (Ao, 70, Po)]
+ [Y(A17717 PO) - Y(Ala Yo, PO)]

+ [Y(Ar, 7, 1) = Y (AL, Bo)l - (3)

These terms correspond respectively to:

1. a coordination-productivity effect;
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2. a scale-elasticity effect; and

3. a portability effect.

The decomposition is path-dependent in general, but it provides a useful structural ac-
counting framework.
It is particularly important for AI because an Al technology may plausibly affect all three

margins simultaneously.

A.17 C.17. Al as a Composite Technological Shock

The theory does not require Al to enter as a separate primitive.

Instead, Al can be represented as a vector of technological changes:

Tar = (AAar, Ayar, APy .

For example, a general-purpose Al system may increase the level of coordination produc-

tivity:

AAAI > 0,

increase the return to broad network scale:

A’YAI > 07

and reduce the cost of coordinating across organizational boundaries:

APAI > 0.

The theory therefore makes no assumption that AI must either increase or decrease firm

size.
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Its organizational consequence is determined by the relative magnitudes of these effects.

Formally,

diT* Ol dA N OIT* dry N oIT* dP
dTar  OA dTany Oy dTar  OP dTar

This is the appropriate theoretical interpretation of Al in the framework: not as a mag-
ical new input, but as a technology capable of simultaneously altering the productivity,

scalability, and portability of coordination.

A.18 C.18. The General Organizational Prediction

The preceding results imply that the economically relevant prediction of the theory is not

technology — larger firms

or

technology — smaller firms.

Instead,

technology — (G™, I1*, scale, concentration)

with each component responding according to a distinct structural channel.
The firm’s equilibrium boundary is therefore an endogenous outcome of the interaction
between productive network formation and ownership costs.

This provides the empirical content of the theory.

A.19 C.19. What Is and Is Not Identified

For clarity, the model yields the following identification hierarchy.
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Object Identification source Main limitation

Aa; Coordination levels A vs. a; normalization

v Scale variation Endogenous network scale
Boundary-cost variation Need exogenous portability variation

7(P)  Ownership transitions Functional-form dependence

G* Network observations Measurement of links

T Ownership records Boundary classification

C Network /ownership shares Provider definition

In particular, the model does not claim that every primitive is identified from a single
cross section.

A credible empirical implementation must exploit variation that separates:

productivity, scale returns, portability,

and must account for endogenous network formation.

A.20 C.20. Implications for Empirical Design

The theoretical structure suggests that empirical tests should observe at least two organiza-
tional margins simultaneously.

The first is the productive network:

G*.

The second is the ownership partition:

T

An empirical design that observes only firm boundaries cannot distinguish a change in
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productive coordination from a change in ownership.
Likewise, an empirical design that observes only networks cannot establish that the
boundary of the firm has changed.

The strongest empirical tests therefore examine joint changes in

(G*,1I*, N, C).

A particularly informative design is one in which portability changes exogenously while

the underlying productive technology remains approximately constant. The theory predicts:

G* =~ constant, IT* changes.

Conversely, a productivity shock that changes coordination capacity while leaving bound-

ary costs approximately unchanged should generate

G* changes,

with ownership responding only insofar as the changed network alters the relative costs

of alternative organizational forms.

A.21 C.21. Falsification

The theory is vulnerable to several empirical falsification tests.

First, if increases in network scale systematically reduce coordination capacity after con-
ditioning on provider productivity, the increasing-returns mechanism is rejected.

Second, if substantial increases in portability consistently produce no change whatsoever
in external coordination or ownership boundaries in settings where external coordination is
feasible, the portability mechanism is rejected.

Third, if productivity-enhancing technological changes alter ownership boundaries with-

out any corresponding change in productive network structure, the proposed distinction
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between productivity and portability is called into question.

Fourth, if increasing returns are observed but concentration systematically falls even
under the primitive dominance conditions of Appendix B, the network-formation component
is rejected.

These tests are deliberately stated as conditional predictions rather than universal em-

pirical laws.

A.22 C.22. Summary

The structural identification analysis establishes five points.

First,

and provider-specific productivity

a;

enter the level of coordination productivity jointly and therefore require a normalization
or independent source of variation for separate identification.

Second,

v

is identified from scale-dependent variation in coordination capacity, but network scale
is endogenous and therefore requires appropriate identifying variation.

Third,
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is identified through variation in the relative cost of coordinating across ownership bound-
aries, not merely through observed firm size.

Fourth, the network and ownership partition are distinct equilibrium objects:

in general.
Fifth, the theory is empirically distinctive precisely because technological change can

affect these objects through different channels:

A — coordination productivity,

v — scale feedback,

P — boundary portability.

The resulting structural decomposition is

(A,aj,v,P) = G = 1II" = Q.

This decomposition provides the empirical counterpart of the theoretical claim developed
in the main text: the modern firm is not determined solely by the relative cost of markets
and hierarchies. Its boundary is jointly determined by the productivity and scalability of
coordination networks and by the portability of productive relationships across ownership

boundaries.
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