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Abstract

This paper introduces the activation mechanisms through which innovation capital markets
become operational. Building on the economic, market, and system architectures developed in
prior papers, the analysis focuses on the liquidity dynamics that translate structural
compatibility into active participation and capital formation. While earlier work establishes the
conditions for innovation capital markets, this paper examines how those conditions become
operational through staged liquidity formation.

Innovation processes are inherently sequential, uncertain, and heterogeneous. As a result,
capital participation depends on the availability of different forms of liquidity at different stages
of innovation. The paper therefore conceptualizes liquidity not as a single market attribute, but
as a set of stage-specific activation mechanisms including discovery liquidity, signal liquidity,
participation liquidity, and capital liquidity. These mechanisms support progressive engagement,
allowing innovation assets to move from early exploration through structured economic
translation and, where appropriate, financial instrumentation.

The analysis emphasizes that liquidity formation depends on participation density and signal
accumulation. Participants generate signals through exploration, evaluation, and engagement
activities, which collectively improve comparability and enable capital allocation. Because many
such activities are strategically sensitive, confidentiality-preserving participation environments
are presented as a liquidity-enabling condition that allows protected signal formation without
exposing competitive intent.

By linking stage-specific liquidity mechanisms to the broader architecture of innovation capital
formation, the paper describes how structured participation infrastructure can activate markets
for innovation assets. These activation dynamics support continuous capital participation across
development stages, reduce fragmentation in innovation capital allocation, and improve the
scalability of innovation-driven economic growth. The paper concludes by outlining macro-
systemic implications of liquidity-enabled innovation capital formation, including enhanced
capital efficiency, improved translation of research into economic activity, and broader
institutional participation in innovation markets.
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Introduction and Architectural Context

Research Paper No. 01 established the economic architecture underlying innovation capital
formation, identifying capital compatibility as a central condition enabling innovation assets to
participate in capital allocation processes and support sustained economic activity. Research
Paper No. 02 examined the market architecture, defining the coordination mechanisms through
which heterogeneous actors interact in environments of exchange. Research Paper No. 03
defined the system architecture, articulating the institutional infrastructure required to
operationalize these conditions in durable, enforceable, and interoperable form.

Together, these analyses defined the structural, coordination, and institutional foundations
necessary for innovation capital formation. However, the presence of architecture alone does
not ensure sustained market activity. Institutional infrastructure may exist without widespread
participation, and coordination mechanisms may remain underutilized if innovation assets do
not circulate across heterogeneous actors operating under different mandates, expertise
domains, and capital allocation frameworks.

This paper examines the activation conditions under which the system architecture for
innovation capital formation becomes operational. Specifically, it analyzes the liquidity dynamics
through which innovation assets begin to circulate across participants, enabling the progressive
reduction of informational, participation, and transaction frictions. Through these dynamics,
participation expands, signals accumulate, and innovation assets become capable of supporting
increasingly structured forms of economic engagement.

Where economic architecture defines structural necessity, market architecture defines
coordination logic, and system architecture defines institutional infrastructure, this paper
focuses on the operational activation of that infrastructure. It examines how participation
emerges, how signals form and accumulate, how expectations stabilize, and how capital
compatibility gradually develops within the institutional environment defined in prior research.

The analysis remains at the level of architectural research and institutional market formation. It
does not prescribe operational modules or implementation detail. Instead, it examines the
structural drivers and conditions through which innovation capital markets transition from
latent infrastructure to active participation environments capable of supporting sustained
liquidity and capital allocation.

By clarifying these activation conditions, the paper complements prior research by explaining
how the economic, market, and system architecture of innovation capital formation becomes
operational in practice.
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|. Liquidity in Innovation Capital Markets

Liquidity in traditional financial markets is commonly defined in terms of trading depth,
transaction speed, and price continuity. These measures reflect the ability of standardized
financial assets to be bought and sold rapidly within established market infrastructures. In such
markets, liquidity is typically observed at the point of exchange, where market participants can
transact with minimal delay and limited price disruption.

This understanding of liquidity reflects the institutional structure of conventional financial
markets. Securities such as equities, bonds, and derivatives are defined through standardized
contractual instruments. Organized exchanges or trading venues provide the environments in
which these instruments are traded, and liquidity is subsequently supported through
mechanisms such as market making, dealer networks, and price discovery processes. In this
framework, liquidity emerges primarily as a property of trading environments once standardized
assets have been admitted into market circulation.

Innovation markets operate under fundamentally different conditions. The underlying assets are
technologically complex, informationally asymmetric, and economically heterogeneous. Their
economic characteristics evolve through stages of knowledge formation, rights definition,
technical maturation, market integration, and revenue realization, as examined in Research
Paper No. 01. As a result, innovation assets rarely begin their economic lives as standardized
financial instruments capable of immediate participation in trading environments.

Instead, innovation assets originate as combinations of technical knowledge, legal rights, and
early-stage technological capabilities whose economic relevance may remain uncertain during
initial stages of development. Technical information may be difficult to interpret outside
specialized research environments. Legal rights may be fragmented across jurisdictions,
institutions, or ownership structures. Commercial applicability may depend on complementary
technologies, regulatory developments, or future market demand. These conditions create
informational opacity, participation barriers, and transaction complexity that prevent innovation
assets from circulating widely across potential participants.

Under these circumstances, the central challenge in innovation markets is not the trading of
standardized instruments, but the progressive reduction of frictions that prevent innovation
assets from circulating across heterogeneous actors.

This distinction has important implications for how innovation capital markets form. In
conventional financial markets, development typically begins with the definition of tradable
instruments, followed by the creation of trading venues and settlement infrastructure through
which liquidity can emerge. Innovation markets, by contrast, must first establish the conditions
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under which assets can be interpreted, discovered, and engaged with by potential participants
before structured transactions and capital allocation can occur.

Market formation in innovation ecosystems therefore follows a different sequence. Rather than
beginning with instrument standardization, innovation markets emerge through the gradual
establishment of liquidity conditions that allow assets to circulate among researchers,
corporations, investors, and capital allocators. Only once such circulation becomes possible can
innovation assets begin to exhibit the comparability, governance stability, and economic
transparency required for participation within broader capital allocation systems.

Within this research framework, liquidity in innovation capital markets is therefore defined as
the progressively engineered reduction of informational, participation, and transaction frictions
through institutional architecture, enabling innovation assets to circulate across heterogeneous
actors and capital allocation systems.

This definition reflects an important distinction from conventional financial markets. Liquidity in
innovation markets does not arise spontaneously once assets exist or infrastructure is present.
Rather, it emerges progressively as institutional mechanisms reduce the frictions that prevent
assets from being interpreted, discovered, engaged with, and transacted upon.

These frictions arise from the structural characteristics of innovation assets. Technical
knowledge may be difficult to interpret without domain expertise. Legal rights may be
fragmented across jurisdictions or ownership structures. Commercial applicability may remain
uncertain during early stages of technological maturation. In combination, these conditions limit
the ability of actors operating under different mandates, time horizons, and risk tolerances to
engage with innovation opportunities.

Liquidity formation therefore depends on the progressive reduction of these frictions through
structured representation, participation mechanisms, and execution environments. As frictions
decline, the set of actors capable of interpreting and engaging with innovation assets expands.
Participation becomes denser, expectations begin to converge, and repeatable economic
interaction becomes possible.

For this reason, liquidity in innovation capital markets should be understood as a staged process
rather than a single market characteristic. Different forms of liquidity emerge sequentially as
innovation assets become increasingly legible, discoverable, interpretable, transactable, and
capital-compatible.

This progressive liquidity structure can be broadly described as comprising several interrelated
stages.
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e Information liquidity arises when innovation assets become interpretable through
structured representation and disclosure.

e Discovery liquidity follows as assets become visible to relevant participants through
classification and search mechanisms.

e Participation liquidity emerges when actors begin interacting around assets through
evaluation, collaboration, and diligence activities.

e Transaction liquidity develops when economic agreements can be structured and
executed under predictable governance conditions.

e Capital liquidity emerges when innovation assets become compatible with broader
capital allocation systems, enabling downstream capital to support the transition and
recycling of earlier-stage investment.

These stages do not represent discrete transitions but rather cumulative developments in which
earlier forms of liquidity enable later ones. Information and discovery liquidity expand the

visibility of assets. Participation liquidity generates signals and shared expectations. Transaction
liguidity produces repeatable economic interaction. Capital liquidity reinforces earlier stages by
enabling downstream capital to support the transition and recycling of earlier-stage investment.

The interaction among these stages gives rise to liquidity dynamics.

Liquidity dynamics refer to the reinforcing relationships through which different forms of
liquidity influence one another over time. Information and discovery liquidity expand
participation. Participation generates signals that support transaction formation. Transaction
activity, in turn, generates the economic structures, histories, and reference points that support
broader capital allocation. Capital allocation, in turn, reinforces earlier stages by increasing the
plausibility of participation and investment. Through these feedback mechanisms, liquidity
develops not as a purely linear sequence but as an interdependent process spanning the
innovation lifecycle.

Understanding liquidity in this progressive sense is essential for analyzing innovation markets.
Without sufficient liquidity formation, innovation assets remain economically meaningful but
structurally isolated. Capital participation becomes episodic, concentrated within narrow
networks, and dependent on singular exit events such as acquisitions or public offerings.

By contrast, when liquidity conditions develop across stages, innovation assets become capable
of sustained participation within capital allocation systems. Liquidity functions as the activation
mechanism through which economic assets, market coordination systems, and institutional
infrastructure become operational as innovation capital markets.

The following section examines the progressive liquidity model through which this activation
process occurs.
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Il. The Progressive Liquidity Model

Innovation markets do not become liquid instantaneously. Unlike traditional financial markets —
where standardized assets can often be traded soon after entering organized exchanges—
innovation assets must first undergo a gradual process through which their technical and
economic characteristics become interpretable, comparable, and ultimately compatible with
capital allocation systems.

Liquidity therefore develops progressively as innovation assets move through stages of
economic formation and structured participation. At each stage, uncertainty declines,
interpretability increases, and the range of actors capable of participating expands. What begins
as informational opacity becomes progressively more interpretable and economically
actionable, enabling structured participation and increasing compatibility with capital allocation
across stages of development.

This process can be understood through a progressive liquidity model in which distinct forms of
liquidity emerge sequentially as frictions are reduced and institutional conditions stabilize.

The sequence can be summarized as follows:

Information Liquidity

N2

Discovery Liquidity

N2

Participation Liquidity
N2

Transaction Liquidity

N
Capital Liquidity

Each stage reflects a particular reduction of uncertainty and coordination friction that would
otherwise prevent innovation assets from circulating across heterogeneous actors and capital
mandates.

Information liquidity arises when innovation assets become sufficiently legible to be interpreted
by potential participants. Structured disclosures, documentation, and technical attribution
reduce informational opacity and allow actors to understand the underlying knowledge, rights,
and technological claims associated with an innovation asset.

Discovery liquidity follows when assets become visible to relevant participants through
classification systems, search mechanisms, and other forms of structured discovery. At this
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stage, innovation assets move beyond isolated networks and begin to circulate within broader
ecosystems of potential collaborators, investors, and integrators.

Participation liquidity emerges as actors begin interacting around innovation assets through
evaluation, diligence, collaboration, and exploratory engagement. Repeated interaction
generates informational signals and shared expectations that help participants assess potential
economic pathways and participation roles.

Transaction liquidity develops once economic agreements can be structured and executed
under predictable legal and governance conditions. Licensing arrangements, joint development
agreements, investment participation, and other structured transactions allow innovation assets
to move from exploratory engagement to repeatable economic exchange.

Finally, capital liquidity arises when innovation assets become sufficiently comparable,
verifiable, and economically interpretable to support participation within broader capital
allocation systems. At this stage, downstream capital enables earlier-stage investment to
transition and recycle, allowing different forms of capital to participate sequentially as
innovation assets mature.

Each stage in this sequence builds upon the conditions created by the preceding stages.
Information liquidity enables discovery. Discovery enables participation. Participation generates
signals that support both transaction formation and capital participation. Transaction activity
further reinforces these conditions by contributing historical and structural reference points for
capital allocation.

This progressive structure distinguishes innovation markets from traditional financial markets. In
conventional asset classes, such as equities or government securities, liquidity typically emerges
after assets have already been standardized and admitted into trading environments. Innovation
assets, by contrast, require earlier stages of informational interpretation, discovery, and
participation before transaction and capital liquidity can emerge.

Understanding liquidity as a staged process therefore provides a more accurate framework for
analyzing innovation markets. It highlights the institutional and informational conditions
required for innovation assets to move from isolated technical knowledge toward participation
within broader capital allocation systems.

The following sections examine each stage of the progressive liquidity model in greater detail,
beginning with the formation of information and discovery liquidity.
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lll. Information and Discovery Liquidity

Liquidity formation begins with information legibility. Before innovation assets can circulate
among participants, they must first become interpretable within shared informational
frameworks. Innovation assets often originate as complex combinations of technical knowledge,
legal rights, and early-stage technological claims. Without structured representation, these
elements remain difficult for external actors to interpret or evaluate.

Information liquidity therefore represents the first stage in the progressive formation of
liquidity. At this stage, innovation assets become legible through structured documentation and
disclosure practices that enable potential participants to understand their underlying technical
and economic characteristics. Information liquidity does not eliminate uncertainty; rather, it
reduces informational opacity sufficiently for actors operating under different mandates to
begin interpreting the asset.

Several mechanisms contribute to this process of informational legibility. Technical
documentation provides the foundational description of the underlying invention or
technological capability. Inventor explanations and contextualization help translate specialized
technical knowledge into forms that can be understood by participants outside the originating
research environment. Structured metadata enables systematic classification and comparison
across assets. Attribution continuity ensures that the origins and development history of the
innovation can be traced and verified. Validation evidence, including experimental results or
implementation demonstrations, further strengthens interpretability by providing signals
regarding technical feasibility and potential applicability.

Together, these elements transform isolated technical knowledge into interpretable innovation
assets capable of being evaluated by a broader set of participants.

Once assets become interpretable, liquidity formation advances to the next stage: discovery.
Discovery liquidity arises when innovation assets become visible to actors capable of
participating in their development, commercialization, or capitalization. In the absence of
discovery mechanisms, even well-documented innovation assets remain confined to the
networks in which they originated.

Discovery liquidity depends on several institutional mechanisms. Classification systems allow
innovation assets to be organized according to technological domains, application fields, or
functional categories, making it possible for participants to navigate large asset populations.
Search and matching mechanisms enable actors to identify assets relevant to their expertise,
strategic priorities, or investment mandates. Visibility frameworks increase exposure to relevant
participants through curated presentation, contextualization, and signaling of asset
characteristics. Reputation signals, including indicators associated with inventors, institutions, or
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prior contributions, help participants evaluate credibility and relevance when assessing
potential opportunities.

Discovery liquidity, however, involves more than the ability to locate innovation assets within
large populations of technological knowledge. For discovery to translate into meaningful
engagement, participants must also be able to interpret potential economic pathways through
which innovation assets might evolve into viable applications. Innovation assets rarely possess
self-evident commercial meaning. Their economic relevance depends on how they may be
integrated into technological systems, production environments, or market applications that
often extend beyond the original research context in which the innovation emerged.

Interpretation of these potential pathways plays a critical role in enabling participation. Actors
evaluating an innovation asset must be able to understand how the asset could move from
technical possibility toward economic deployment. This may involve identifying possible
application domains, development stages required for implementation, complementary
capabilities needed from other actors, and potential forms of economic collaboration. Without
such interpretive frameworks, even well-documented innovation assets may remain
informationally visible but economically opaque, limiting the ability of participants to determine
whether and how they might engage.

Discovery liquidity therefore depends not only on visibility mechanisms but also on the
availability of analytical frameworks that allow participants to interpret potential development
and commercialization trajectories.

In some cases, discovery can be further strengthened by standardized economic participation
signals that indicate expected royalty or revenue-sharing parameters associated with an
innovation asset. Such signals do not constitute binding transaction terms, but they reduce
early-stage economic expectation opacity by providing potential participants with reference
points for evaluating possible commercialization or licensing pathways. In this way, economic
expectation signals support the transition from passive discovery toward more directed and
informed participation.

These interpretive structures enable innovation assets to be evaluated in terms of potential
participation roles, technological integration pathways, and economic outcomes. By clarifying
how innovation assets might evolve within broader economic systems, pathway interpretation
reduces uncertainty and enables actors to move from passive discovery toward active
engagement.

Through these mechanisms, innovation assets begin to circulate beyond isolated bilateral
relationships and narrow institutional networks. Actors who were previously unaware of
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particular innovation opportunities can discover them, interpret their potential relevance, and
initiate exploratory engagement.

Information liquidity and discovery liquidity therefore function together as the foundational
stages of liquidity formation. Information liquidity ensures that innovation assets can be
interpreted, while discovery liquidity ensures that they can be located and economically
contextualized.

Without these conditions, participation cannot expand beyond localized networks, and the
circulation of innovation assets across broader ecosystems remains severely constrained.

By establishing legibility, visibility, and economic interpretability, information and discovery
liguidity create the basic informational infrastructure upon which subsequent stages of
participation, transaction formation, and capital allocation can develop.

IV. Participation Liquidity

Discovery enables participation. Once innovation assets become visible and economically
interpretable to relevant actors through structured discovery mechanisms, the conditions for
engagement begin to emerge. Participation liquidity arises when heterogeneous actors start
interacting around innovation assets through evaluation, collaboration, and exploratory
economic activity.

At this stage, innovation assets move beyond passive representation and become the focal point
of active engagement among participants with different capabilities, mandates, and strategic
objectives. These participants may include researchers, inventors, corporations, venture capital
actors, technical experts, and institutional investors operating within broader innovation
ecosystems.

Participation is not fixed by actor type, but varies depending on context, asset characteristics,
and stage of development. Researchers and inventors may contribute technical knowledge, seek
development partners, or explore commercialization pathways. Corporations may evaluate
external technologies for integration, as well as engage around their own innovation assets to
identify partners or licensing opportunities. Venture capital actors may explore early-stage
participation pathways, while technical experts provide domain-specific evaluation and
interpretation. Institutional investors may observe emerging signals and selectively engage as
assets become more compatible with structured capital participation.

Participation liquidity therefore reflects the increasing density and interpretability of interaction
among actors operating under different mandates but coordinated around shared innovation
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assets. When participation expands beyond isolated bilateral relationships and begins to involve
multiple actors across institutional domains, participation environments begin to exhibit early
forms of liquidity.

Participation density plays a critical role in this process. As more actors engage with innovation
assets, informational signals accumulate through repeated interaction. These signals may
include technical assessments, expressions of commercial interest, exploratory negotiations,
collaborative experimentation, and other observable indicators of engagement around the
innovation asset. Over time, such signals contribute to the formation of shared expectations
regarding the potential pathways through which innovation assets may evolve economically.

Repeated interaction also strengthens the institutional environment surrounding innovation
assets. As participants gain visibility into patterns of engagement, evaluation, and response,
uncertainty regarding participation norms and potential outcomes gradually declines. This
process contributes to the formation of interpretive frameworks through which actors can
better assess opportunities for involvement.

Participation liquidity therefore represents the stage at which innovation assets transition from
static informational artifacts to dynamic objects of economic interaction. While transactions
may not yet occur at scale, the accumulation of participation signals establishes the
informational and relational foundations necessary for structured economic agreements to
emerge.

Through expanding participation networks and repeated engagement, innovation assets begin
to circulate more widely across innovation ecosystems. These dynamics generate the signals,
expectations, and relational structures required for the next stage of liquidity formation:
transaction liquidity.

V. Transaction Liquidity

Participation enables structured economic agreements. As interaction among actors increases
and expectations begin to converge, the conditions necessary for economic exchange gradually
emerge. Transaction liquidity arises when participants are able to structure and execute
economic arrangements involving innovation assets under sufficiently predictable legal,
institutional, and governance conditions.

At this stage, innovation assets transition from objects of exploratory engagement to units
capable of supporting repeatable economic interaction. Participants who have evaluated
technological feasibility, potential applications, and economic relevance can begin to formalize
their collaboration or investment through contractual arrangements.
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Transaction liquidity may manifest through a variety of economic structures depending on the
stage of innovation development and the mandates of participating actors. Licensing
agreements allow rights holders to grant usage rights in exchange for royalties or other
economic consideration. Co-development arrangements enable organizations to combine
technological capabilities and resources to advance innovation toward commercial deployment.
Investment participation provides capital in exchange for economic exposure to future
outcomes associated with the innovation asset. Asset pooling structures allow related
technologies to be aggregated in order to support broader applications or collaborative
development pathways. Portfolio construction mechanisms enable investors or institutions to
organize multiple innovation assets within structured investment frameworks.

Transaction liquidity may also be strengthened through asset aggregation mechanisms that
allow complementary innovation assets to be organized into shared participation structures.
Where relevant technologies are fragmented across multiple rights holders, collaborative
pooling arrangements can reduce coordination friction by combining otherwise dispersed assets
into more economically actionable units. Such mechanisms expand transaction liquidity by
enabling participants to structure agreements around integrated technology pathways rather
than isolated rights positions.

While the specific forms of transaction may vary across technological domains and economic
contexts, transaction liquidity depends on the existence of execution environments capable of
supporting consistent economic interaction. Participants must be able to structure agreements
within legal frameworks that clearly define rights, responsibilities, and revenue participation
mechanisms. Governance discipline must ensure that contractual commitments can be
interpreted and enforced reliably across participating institutions. Dispute resolution
mechanisms must exist to address disagreements or unforeseen developments without
destabilizing the broader transactional environment.

Without such conditions, transactions remain highly customized and episodic. Individual deals
may occur, but they do not contribute to the formation of broader liquidity. Each transaction
must be negotiated and structured anew, limiting scalability and preventing the accumulation of
consistent market signals.

When transaction frameworks become sufficiently predictable and repeatable, however,
innovation assets begin to circulate through structured economic exchange alongside isolated
agreements. Transaction activity generates observable economic outcomes, including
contractual terms, participation structures, and performance milestones. These outcomes
contribute to the informational record surrounding innovation assets and create the basis for
comparability across similar transactions.
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The emergence of transaction liquidity therefore represents a critical step in the evolution of
innovation markets. It establishes the conditions under which economic exchange can occur
repeatedly across different participants and technological domains. As transaction signals
accumulate and governance structures stabilize, innovation assets become increasingly capable
of supporting participation by larger pools of capital.

The next stage in the progressive liquidity model—capital liquidity—builds upon and is further
strengthened by these conditions, enabling innovation assets to integrate into broader capital
allocation systems.

VI. Capital Liquidity

Capital liquidity reflects the ability of capital to circulate across stages of innovation
development rather than remaining confined to isolated investment events. Different actors
participate under distinct mandates, time horizons, and risk profiles, and liquidity emerges
when capital can transition between these participants as uncertainty declines. Downstream
capital participation increases the plausibility of upstream investment by creating pathways for
capital recycling. Capital liquidity also interacts with information, discovery, participation, and
transaction liquidity, as capital allocation signals influence expectations, guide engagement, and
support the progressive structuring of innovation assets.

Innovation development typically proceeds through sequential stages, each requiring different
forms of capital. Early-stage exploratory investment supports technical validation and feasibility
assessment. Development capital advances integration, prototyping, and commercialization
preparation. Later-stage capital supports scaling, market deployment, and structured revenue
generation. Capital liquidity emerges when these forms of investment can transition
progressively as innovation assets mature.

Institutional capital—operating under formal mandates governing risk, duration, and portfolio
construction—typically participates once earlier stages of liquidity formation have reduced
informational and transactional uncertainty. However, the role of institutional capital extends
beyond direct participation. By providing downstream capital allocation capacity, institutional
investors enable earlier-stage capital to recycle. Exploratory investors can transition their
positions as development capital enters, and development capital may in turn transition as
assets become compatible with broader portfolio allocation frameworks.

This sequential transition creates capital continuity across the innovation lifecycle. Rather than
remaining locked within individual development stages, capital can circulate progressively as
innovation assets evolve. Milestones such as technical validation, contractual agreements, or
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early revenue signals allow capital to move between participants with different risk tolerances
and investment horizons.

Capital liquidity may also be supported by mechanisms that allow economic exposure to
innovation assets to be organized within broader allocation structures. Portfolio construction,
structured investment vehicles, and, where appropriate, secondary participation environments
can facilitate diversification and enable capital to enter and exit across stages. These
mechanisms expand the range of investors capable of participating while strengthening the
recycling of capital within innovation ecosystems.

When capital recycling becomes possible, innovation markets shift from episodic capital
participation toward continuous capital engagement. Early-stage investment is no longer
dependent solely on singular exit events, but can transition through intermediate liquidity
points across stages of development. This continuity improves capital efficiency and supports
sustained innovation development across technological domains.

Capital liquidity therefore functions as part of broader liquidity dynamics rather than as a
terminal stage of market formation. By enabling capital to transition across mandates, time
horizons, and risk profiles, capital liquidity reinforces earlier forms of liquidity and supports
continuous participation across the innovation lifecycle. As capital allocation signals accumulate,
they influence discovery, guide participation, and strengthen transaction formation.

At the same time, these dynamics depend on participation environments that allow actors to
engage without exposing strategic intent. The effectiveness of liquidity formation therefore
relies not only on capital continuity, but also on conditions that enable actors to participate
safely across stages. In particular, confidentiality-preserving participation environments are
critical to enabling engagement by high-value actors.

VII. Structural Drivers of Liquidity Formation

The progressive stages of liquidity formation described in the preceding sections do not arise
automatically. Liquidity emerges only when certain structural conditions are present that allow
innovation assets to circulate across participants operating under different institutional
mandates and capital allocation frameworks. These conditions function as the underlying
drivers of liquidity formation within innovation capital markets.

While the stages of information, discovery, participation, transaction, and capital liquidity

describe how markets evolve over time, and build upon the structural coordination conditions
described in Research Paper No. 02, the drivers described in this section explain the conditions
under which those stages are able to emerge and stabilize. In this sense, the drivers operate as
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maturation thresholds within the broader liquidity formation process. When these thresholds
are satisfied, successive stages of liquidity can develop and reinforce one another.

Several structural drivers play a central role in this process.

The first driver is asset legibility. Innovation assets must be represented in ways that allow
potential participants to interpret their technical, legal, and economic characteristics. Structured
representation systems—including documentation, disclosure practices, and standardized
metadata—reduce informational opacity and enable actors operating under different expertise
domains to evaluate the relevance and potential value of innovation assets. Without sufficient
legibility, innovation assets remain confined to the originating technical communities in which
they were created, preventing broader participation.

A second driver is participation density. Liquidity requires the presence of multiple actors
capable of engaging with innovation assets under distinct institutional roles. Markets begin to
exhibit liquidity when participation expands beyond isolated bilateral relationships and
becomes networked across heterogeneous actors, including researchers, corporations,
investors, and technical advisors. Participation density increases the likelihood that innovation
assets will encounter actors capable of advancing their development or commercialization
pathways. As engagement grows, repeated interaction generates informational signals that
further strengthen the conditions required for participation.

A third driver is signal formation. Liquidity depends not only on participation but also on the
accumulation of credible signals generated through repeated engagement around innovation
assets. Such signals may include verified technical milestones, structured disclosures,
documented collaborations, transaction records, and other observable events that provide
information regarding technological feasibility, commercial interest, or economic outcomes.
Verification and attribution mechanisms play a critical role in ensuring that such signals are
interpretable and credible across institutional boundaries.

Closely related to signal formation is the driver of expectation formation. Markets function
effectively when participants are able to form expectations regarding how innovation assets are
evaluated, structured, and advanced through the participation environment. These expectations
do not require transparency into individual counterparties or real-time transaction activity.
Rather, they emerge from consistent governance frameworks, repeatable participation
mechanisms, and the accumulation of anonymized or aggregated signals. As consistent
evaluation and progression patterns develop for similar innovation assets, coordination frictions
decline and market interaction becomes more predictable without requiring disclosure of
confidential engagement.
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Finally, liquidity depends on capital eligibility. For innovation assets to attract sustained
participation from capital allocation systems, they must satisfy conditions that allow investors to
evaluate and incorporate them within portfolio and mandate-driven frameworks. This requires
compatibility with institutional requirements governing risk classification, disclosure discipline,
governance integrity, and portfolio feasibility. Capital eligibility therefore represents the point at
which innovation assets become capable of supporting structured capital participation across
stages of development, enabling different classes of capital to engage according to their
mandates while contributing to capital continuity and recycling.

When these structural drivers operate coherently, the conditions necessary for liquidity
formation and market stabilization gradually materialize. Innovation assets become capable of
circulating across broader ecosystems of participants, allowing economic interaction to expand
beyond isolated transactions toward structured market participation. As these drivers reach
sufficient maturity, successive stages of liquidity—from information and discovery through
participation and transactions—can stabilize and ultimately support institutional capital
participation.

VIII. Propagation Mechanisms in Liquidity Dynamics

The preceding sections have outlined a progressive model of liquidity formation, describing how
innovation assets become increasingly capable of circulating across heterogeneous actors and
capital allocation systems. While this staged perspective provides an analytical foundation, it
does not fully capture how liquidity expands in practice.

In operational environments, liquidity formation expands through recursive propagation
processes, in which participation and information effects accumulate over time. This
propagation occurs through repeated cycles of interaction and contribution—referred to here as
liquidity loops—which represent the observable structure through which liquidity dynamics
extend across participants.

For the purposes of this analysis, liquidity loops are defined as recurring cycles of interaction
and contribution in which the outputs of one cycle—expressed as observable signals and
updated expectations—serve as inputs into subsequent cycles of participation.

These dynamics exhibit parallels to established economic mechanisms such as network effects,
market thickening, and Bayesian learning, in which participation generates information that
influences subsequent expectations and behavior. The formulation of liquidity loops extends
these perspectives by incorporating structured contribution and controlled signal formation as

IPX Foundation Research Paper No. 04 Page 17



central elements in the propagation of liquidity under conditions of incomplete and asymmetric
information.

The discussion that follows develops this propagation mechanism in greater detail. It
distinguishes between interaction-driven and contribution-driven cycles, outlines the conditions
under which such loops emerge, and considers how confidentiality constraints, incentive
structures, and institutional factors shape their operation. In doing so, it provides a more
precise account of how liquidity propagates within innovation capital markets over time.

From Linear Progression to Recursive Dynamics

Liquidity formation does not proceed as a strictly sequential process. As participation expands,
interactions among actors generate informational outputs that influence subsequent
participation decisions. Over time, these recursive relationships become increasingly important,
as prior cycles of interaction and contribution shape the conditions under which future
engagement occurs.

While the stages define a progressive structure, liquidity formation reflects an accumulation of
interdependent cycles in which participation, signal generation, and expectation formation
continuously interact.

Interaction Cycles: Participation, Signals, and Expectations

Interaction-driven cycles arise as actors engage with innovation assets and with one another.
Participation leads to evaluation and exchange, through which observable signals are generated
regarding technological feasibility, potential applications, development trajectories, and
emerging economic relevance. These signals contribute to the formation of expectations about
the asset’s potential pathways.

As expectations begin to converge, perceived uncertainty declines. This reduction in uncertainty
can increase the willingness of additional actors to engage. Expanded participation generates
further interaction and signal formation, allowing the cycle to repeat.

The strength of these cycles depends on both the density of participation and the
interpretability of the signals generated. Where signals are sparse or difficult to evaluate, the
reinforcing effect remains limited.
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Conditions for Emergence and System Constraints

The formation and reinforcement of liquidity loops depend on several underlying conditions. A
minimum level of participation density is required to sustain repeated interaction, while signals
must exhibit sufficient credibility and interpretability across heterogeneous actors. Participants
must also be able to observe, compare, and evaluate signals within a structured context.

Where these conditions are not met, recursive dynamics may remain weak or localized. Early-
stage environments are often characterized by fragmented participation and limited signal
visibility, constraining the ability of these cycles to reinforce themselves. As participation and
signal accumulation increase, however, these constraints may diminish, allowing more sustained
coordination.

Contribution Cycles and Signal Enrichment

In addition to interaction-driven cycles, liquidity formation is influenced by contribution-driven
cycles, in which participants provide structured inputs that enhance signal formation.

In many innovation contexts, relevant information remains fragmented and privately held.
Contribution cycles enable participants to provide inputs—such as data related to development,
licensing, or performance—that can be transformed into non-disclosive signals. These signals
enrich the informational environment and improve the interpretability of innovation assets.

Contribution-driven cycles therefore complement interaction-driven processes by increasing
signal density and quality. As signals become more informative, they strengthen expectation
formation and, in turn, reinforce subsequent participation.

Confidentiality and Controlled Signal Formation

The operation of contribution cycles is shaped by confidentiality constraints. Because much of
the relevant information is proprietary or sensitive, contribution cannot depend on unrestricted
disclosure.

Instead, these cycles operate through mechanisms that allow inputs to be transformed into
abstracted or verified signals without exposing underlying data. Such arrangements enable
participants to contribute to signal formation while retaining control over sensitive information.

This allows recursive dynamics to function under conditions of limited transparency, with signals
serving as intermediaries between private information and observable participation.
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Incentive Structures and Asset-Level Effects

The effectiveness of contribution cycles depends on the presence of incentive structures that
support participation.

In the short term, participants may experience enhanced interpretability, timeliness, or
contextualization of signals as a result of their contribution. In the longer term, structured
contribution may influence the economic characterization of the underlying asset. The
accumulation of verified data can improve the asset’s comparability, credibility, and suitability
for valuation and capital allocation processes.

These incentive effects align participation with both informational benefits and the progressive
development of asset-level economic relevance, reinforcing continued engagement.

Institutional Mediation and Organizational Participation

Participation in contribution-driven processes is mediated by internal organizational
considerations. Decisions to provide information are typically subject to legal, financial, and
governance constraints within institutions.

To facilitate participation, mechanisms may be required to demonstrate the relationship
between contributed inputs and resulting informational or economic outcomes. By providing
traceability between inputs and outputs, such mechanisms enable participants to justify
engagement within existing organizational frameworks.

This institutional mediation plays a critical role in enabling recursive participation at scale,
particularly during early phases of market formation.

Multi-Level Operation of Liquidity Dynamics

Liquidity dynamics operate across multiple levels of the innovation ecosystem. At the level of
individual assets, repeated interaction and contribution strengthen the informational record,
improving interpretability. At the level of technological domains, signals generated across
multiple assets contribute to a broader understanding of development trajectories. At the
ecosystem level, sustained operation of these processes enhances the credibility of the
institutional environment within which interactions occur.

Through these multi-level effects, recursive dynamics contribute both to the development of
individual innovation opportunities and to the maturation of the market environment as a
whole.
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Implications for Market Formation and Scaling

The presence of propagation loops within liquidity dynamics helps explain the observed
patterns of early market development. In initial phases, cycles may remain weak due to limited
participation and signal density. As interaction and contribution increase, these cycles can
reinforce one another, enabling more coordinated and sustained engagement across actors.

Over time, the strengthening of recursive dynamics supports the transition from fragmented
conditions to more structured and scalable market environments. Liquidity formation can
therefore be understood not only as a staged progression, but as a process driven by the
cumulative effects of repeated interaction and contribution cycles operating across the system.

IX. Liquidity Loops and Market Coordination

The operational mechanisms of innovation market formation, as defined in Research Paper No.
02, describe the conditions under which heterogeneous actors are able to coordinate around
innovation assets. These mechanisms—asset discoverability, signal formation, capital
structuring, and market synchronization—represent the structural basis for sustained
participation within innovation capital markets.

While these coordination mechanisms establish the structural conditions for market formation,
they do not in themselves explain how participation expands or how coordination becomes
sustained over time. The liquidity loops introduced in the preceding section provide the
mechanism through which liquidity propagates across participants.

Within the context of market coordination, liquidity loops—defined as recurring cycles of
interaction and contribution—operate as the dynamic processes through which coordination
mechanisms become activated, reinforced, and progressively stabilized.

Activation of Discoverability Through Interaction

Asset discoverability defines the capacity of innovation assets to be identified and interpreted
across heterogeneous actors. Liquidity loops contribute to this process by expanding the
visibility of assets through repeated interaction.

As participants engage with assets, generate signals, and contribute information, assets become
increasingly legible across different interpretive frameworks. Discoverability is therefore not a
static property but a dynamic condition that strengthens as interaction cycles accumulate.
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Signal Formation as an Outcome of Recursive Cycles

Signal formation represents the accumulation and interpretation of observable information that
supports expectation convergence. Liquidity loops serve as the primary mechanism through
which such signals are generated.

Each cycle of interaction and contribution produces incremental informational outputs—ranging
from engagement patterns to performance indicators—that contribute to the broader signal
environment. As these outputs accumulate across cycles, signals become more interpretable
and comparable, enabling more structured expectation formation.

Capital Structuring Through Progressive Signal Accumulation

Capital structuring depends on the ability to segment and align risk across actors with differing
mandates and time horizons. Liquidity loops contribute to this process by progressively
enriching the informational basis on which such segmentation can occur.

As signals accumulate through repeated cycles, the characteristics of innovation assets become
more clearly defined. This supports the development of more structured approaches to risk
classification, valuation, and capital allocation. In this sense, capital structuring emerges not
only from design, but from the progressive accumulation of signals generated through
participation.

Market Synchronization and Stabilization of Participation

Market synchronization requires alighment between innovation asset participation and broader
capital market infrastructures. Liquidity loops contribute to this process by stabilizing
expectations and reducing interpretive dispersion across participants.

As interaction and contribution cycles repeat, shared reference points begin to emerge. These
reference points enable more consistent interpretation of assets, facilitating alignment with
institutional participation frameworks. Over time, this supports the integration of innovation
assets into broader capital allocation systems.

Coordination as a Dynamic Outcome

Taken together, liquidity loops provide the dynamic mechanism through which coordination
conditions translate into sustained patterns of participation. Discoverability, signal formation,
capital structuring, and market synchronization do not operate independently of participation;

IPX Foundation Research Paper No. 04 Page 22



they are progressively activated and reinforced through repeated cycles of interaction and
contribution.

Where liquidity loops remain weak, coordination mechanisms remain underutilized, and
participation remains fragmented. Where loops strengthen, coordination becomes more stable,
allowing innovation assets to circulate within increasingly structured market environments.

Liquidity can therefore be understood not only as the outcome of coordination, but as the
process through which coordination mechanisms become operational and scalable over time.

X. Liquidity Dynamics and Institutional Infrastructure

The liquidity dynamics described in this paper do not arise independently of institutional
structure. They are conditioned by the system architecture within which participation occurs.

Research Paper No. 03 defined the core components of innovation capital system architecture,
including governance and neutrality infrastructure, standardized asset representation and
disclosure, verification and assurance infrastructure, participation and execution environments,
capital compatibility and risk segmentation, interoperability and synchronization, integrity and
observability safeguards, and transition mechanisms.

These infrastructure components establish the structural conditions under which innovation
assets can be represented, interpreted, and transacted. However, the presence of such
infrastructure does not in itself produce sustained participation. Liquidity dynamics emerge only
when these components provide consistent and interpretable conditions for repeated
interaction and contribution across participants. This is observable in practice: systems may
possess representation, verification, and governance structures, yet remain characterized by
limited participation and isolated transactions.

This distinction has architectural implications. While infrastructure components define the
structural conditions of participation, they do not account for how participation becomes active,
repeatable, and scalable over time. Liquidity dynamics address this gap by describing the
processes through which participation is activated and evolves within the conditions established
by system architecture.

In this context, liquidity dynamics can be understood as a distinct architectural component.
They are not reducible to infrastructure components, nor do they emerge automatically once
structural conditions are in place. The formation, strength, and scalability of interaction and
contribution cycles are directly conditioned by how infrastructure components are designed and
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integrated, as well as by the extent to which the system enables the activation and
reinforcement of participation over time.

This distinction is relevant not only for initial market formation, but also for the subsequent
development and sustainability of markets. Even where coordination mechanisms and
infrastructure components are present, liquidity may remain limited if participation is not
activated and reinforced through repeated interaction and contribution cycles.

Fragmentation in representation limits interpretability across actors and constrains
participation. Weak verification reduces the credibility of signals and inhibits expectation
convergence. Instability in governance disrupts the persistence of participation across repeated
cycles. Inconsistent execution environments prevent interaction from becoming repeatable.
Limited capital compatibility restricts the extension of participation into broader capital
allocation systems, while weak interoperability confines participation to localized networks.

Conversely, when infrastructure components provide consistent and interpretable conditions for
participation, and when systems support the activation and reinforcement of interaction and
contribution cycles, liquidity dynamics strengthen. Interaction becomes repeatable, signals
accumulate in structured form, and expectations stabilize across heterogeneous actors. Under
such conditions, innovation assets can circulate within progressively larger and more structured
participation environments.

Liquidity can therefore be understood not only as an outcome of coordination mechanisms or
institutional infrastructure, but as a system-conditioned dynamic that reflects how participation
is activated, sustained, and scaled within the architectural environment defined by
infrastructure components.

X|. Confidential Participation and Privacy-Preserving Signal Generation

Liquidity dynamics depend not only on the generation of observable signals, but also on the
ability of institutional actors to participate without exposing strategic intent. Many high-value
participation activities—including technology scouting, portfolio construction, partnership
evaluation, and product-aligned IP exploration—are inherently confidential. If such activities
reveal organizational priorities or competitive positioning, institutions may restrict participation,
reducing signal density and impairing liquidity formation.

Participation environments must therefore enable signal generation under conditions of
controlled disclosure. In such environments, exploratory activity may occur without public
attribution, identities may be abstracted or role-based, and interaction trails may be privately
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recorded without broad disclosure. This allows institutions to engage in discovery, evaluation,
and early-stage structuring without exposing internal strategy.

Confidential participation does not eliminate signals; rather, it enables protected signal
formation. Aggregated patterns, anonymized activity indicators, and privately governed
interaction records may still contribute to overall signal liquidity while maintaining appropriate
confidentiality boundaries. In this way, privacy-preserving participation increases the density of
meaningful engagement without requiring premature disclosure.

This condition is particularly important for corporate technology strategists, research
organizations, investors, and public-sector actors whose exploratory activity may be strategically
sensitive. When participation infrastructure supports confidentiality, these actors can engage
earlier and more actively, strengthening discovery, improving matching dynamics, and
accelerating liquidity formation.

Confidential participation and privacy-preserving signal generation therefore function as
liquidity-enabling conditions. By allowing high-value actors to engage safely, such conditions
support deeper signal formation and more robust participation across the innovation
ecosystem.

XIl. Ecosystem Activation and the Emergence of Liquidity Dynamics

Liquidity dynamics do not arise automatically from the existence of institutional infrastructure
or innovation assets. Even when representation, governance, and participation frameworks are
in place, innovation participation environments may remain economically inactive if actors do
not actively engage with the assets and with one another. Liquidity formation therefore
depends not only on the structural conditions established by institutional infrastructure, but
also on the behavioral conditions under which ecosystem participants engage with assets and
with one another.

Ecosystem activation refers to the set of behavioral and operational processes through which
innovation assets and heterogeneous actors are brought into structured participation
environments and engage in directed interaction. When participants contribute information,
interpret technological opportunities, and explore potential collaboration, licensing, or
investment pathways, interaction begins to generate the signals that enable liquidity dynamics
to develop. Without such activation, institutional systems may remain informationally well-
organized yet fail to produce meaningful economic circulation of innovation assets.

A first dimension of ecosystem activation involves the progressive enrichment and
contextualization of innovation assets within structured representation environments.
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Innovation assets are not only documented within shared repositories but may be actively
expanded by their custodians and inventors as they seek to advance the economic prospects of
their inventions. By providing additional contextual information, technical clarification,
validation evidence, and disclosure regarding potential applications, asset holders increase the
interpretability of their innovations for potential counterparties operating under different
institutional or technological frameworks. These contributions strengthen informational
legibility and expand the visibility of innovation assets within the participation ecosystem.

A second dimension involves the activation of ecosystem participants. Innovation markets
involve a diverse population of actors including inventors, research institutions, corporations,
venture investors, technical experts, and financial participants. Participation environments must
therefore enable these actors to establish identifiable presence within the system and to signal
their interests, capabilities, and participation intentions. As actors become visible to one
another, opportunities for collaboration, evaluation, and economic engagement expand.

Activation is not limited to passive discovery by potential counterparties. It also includes active
engagement by asset holders and other participants who seek to identify and initiate interaction
with relevant counterparties. As both sides of the participation environment engage—through
exploration, signaling, and pathway-oriented evaluation—interaction becomes increasingly
directed and productive.

A third dimension concerns the development of interpretive capacity among ecosystem
participants. Innovation assets are often technologically complex and may require specialized
knowledge to evaluate effectively. Educational initiatives, informational programs, and
institutional outreach efforts can therefore play an important role in enabling participants to
understand how innovation assets may be evaluated, integrated into technological systems, or
incorporated into economic participation arrangements.

A fourth dimension involves the active stimulation and reinforcement of interaction among
participants. While earlier dimensions enable visibility, presence, and interpretive capacity,
liquidity formation requires that interaction is not left to chance, but is continuously encouraged
through participation environments that surface relevant opportunities for engagement. As
participants encounter contextually relevant assets, counterparties, and potential pathways for
collaboration or economic participation, engagement becomes more frequent and directed.

Through repeated cycles of such interaction, participants generate signals regarding
technological feasibility, commercial relevance, and potential economic participation pathways.
These signals accumulate over time, contributing to expectation formation and reinforcing the
liquidity loops described earlier in this paper.
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Through these activation dynamics, innovation assets and ecosystem participants become
progressively more interconnected. Informational enrichment improves interpretability, actor
participation expands engagement, and interaction generates signals that allow expectations to
stabilize across heterogeneous actors. As these processes unfold, innovation assets become
capable of circulating more widely within the ecosystem.

Ecosystem activation therefore represents the operational mechanism through which
institutional infrastructure and participation environments translate into liquidity dynamics. By
bringing innovation assets and actors into structured interaction, activation processes generate
the informational signals, participation density, and expectation convergence required for
liquidity formation.

When institutional infrastructure and ecosystem activation operate coherently, innovation
assets can move progressively through the stages of liquidity formation described in the
liquidity ladder, enabling broader participation and deeper integration with capital allocation
systems.

XIIl. Structural Implications

Liquidity conditions play a central role in enabling scalable innovation capital formation—the
process through which knowledge and invention are translated into sustained economic activity
through the coordinated allocation of capital, organizing scarce resources across stages of
development. As such conditions emerge, innovation assets become increasingly capable of
circulating across heterogeneous actors and capital mandates with greater efficiency and
predictability. This enhanced circulation allows innovation to function not only as a source of
technological progress, but also as an economically integrated asset base within broader capital
allocation systems.

One important implication of liquidity formation is improved capital allocation efficiency. When
innovation assets become legible, discoverable, and comparable, capital allocators are able to
evaluate a wider range of opportunities under more consistent informational conditions. This
can reduce reliance on narrow institutional networks and selective access channels, enabling
capital to engage with a broader population of innovation assets rather than concentrating on a
small set of highly visible projects.

A second implication concerns participation breadth. As discovery mechanisms and
participation environments mature, innovation assets become visible to actors who may not
have been connected to the originating research environment. Researchers, corporations,
investors, and intermediaries can therefore engage with innovation opportunities beyond
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traditional bilateral relationships, increasing the diversity of capabilities and resources involved
in innovation development.

A further implication relates to the distribution of risk across innovation stages. Innovation
assets typically progress through phases characterized by different forms of uncertainty. In
environments where liquidity conditions are present, actors with distinct mandates and time
horizons can participate at different stages of asset maturation. Early-stage participants may
assume higher levels of technological uncertainty, while later-stage actors may engage once
technical feasibility and economic prospects have become more measurable. This staged
participation allows risk to be distributed across multiple actors rather than concentrated within
a single institutional context.

Liquidity conditions also support portfolio integration. Institutional capital allocators typically
operate within portfolio frameworks that require comparability, diversification, and measurable
risk exposure. When innovation assets exhibit sufficient liquidity conditions—such as
interpretable signals, transaction histories, and structured participation pathways—they can be
incorporated into portfolio allocation strategies alongside other asset classes. Innovation
participation can therefore evolve from isolated transactions toward more systematic capital
allocation.

Finally, liquidity supports capital recycling across innovation cycles. When innovation assets can
circulate reliably through participation and transaction environments, capital committed to one
stage of development can be redeployed into subsequent innovation opportunities. This
recycling mechanism allows capital allocation systems to support continuous innovation activity
rather than relying on sporadic investment events tied to singular outcomes.

Taken together, these structural effects reflect the operation of liquidity dynamics within
innovation capital markets. Liquidity is therefore not merely a characteristic of trading
environments, but a foundational condition that allows innovation assets to participate
coherently within broader systems of economic exchange and capital allocation. By enabling
discovery, participation, transaction formation, and capital integration, liquidity dynamics
support the emergence of innovation capital markets capable of sustaining long-term economic
growth.

XIV. Conclusion — Liquidity as Market Activation

The preceding research papers established the structural foundations necessary for innovation
capital formation.
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Research Paper No. 01 examined innovation as a staged economic transformation process in
which knowledge, rights, technological capability, and revenue potential evolve through
successive states of economic formation. This analysis demonstrated that innovation assets
possess economic value but often remain only partially compatible with the requirements of
scalable capital participation.

Research Paper No. 02 examined the institutional conditions required for markets to coordinate
participation among heterogeneous actors. Markets were defined not merely as venues of
exchange, but as coordination systems that enable discovery, comparability, price formation,
risk transfer, and capital continuity across diverse institutional participants.

Research Paper No. 03 examined the institutional infrastructure necessary to operationalize
these coordination mechanisms. Representation systems, verification frameworks, governance
structures, execution environments, and capital compatibility mechanisms were identified as
essential components enabling innovation assets to participate within structured market
environments.

The presence of economic assets, market coordination mechanisms, and institutional
infrastructure, however, does not by itself produce functioning markets. Markets become
operational only when liquidity emerges.

This paper examined the liquidity dynamics through which innovation assets begin to circulate
across actors and capital mandates. Liquidity in innovation capital markets arises through the
progressive reduction of informational, participation, transaction, and capital access frictions
that would otherwise constrain asset circulation and limit sustained capital engagement. As
information becomes structured, discovery expands, participation networks deepen,
transactions accumulate, and capital confidence increases, innovation assets become
increasingly compatible with capital allocation systems.

Liquidity therefore functions as the activation mechanism that transforms institutional market
structures into operational capital markets.

Through progressive liquidity formation, innovation participation evolves from isolated and
relationship-bound activity toward coordinated participation across heterogeneous actors. As
participation expands, signals accumulate, and pools of capital become more willing and able to
participate across mandates and stages, innovation assets become capable of sustained
circulation within capital allocation systems. Under these conditions, innovation transitions from
episodic transactions into a structured economic asset base capable of supporting scalable and
recurring capital participation.

Liquidity activation therefore represents a critical component of innovation market formation.
By enabling innovation assets to circulate under conditions of discovery, participation,
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transaction formation, and capital compatibility, liquidity dynamics allow innovation-driven

economic activity to integrate more fully into organized systems of exchange and capital
allocation.

In this way, liquidity functions not merely as a market characteristic but as the activation layer
through which innovation assets transition from economic possibility into functioning
innovation capital markets.
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Appendix A— Progressive Liquidity Formation

The liquidity ladder illustrates the progressive stages through which innovation assets become
capable of circulating across heterogeneous actors and capital allocation systems. Beginning
with information liquidity as the foundational condition of structured knowledge and disclosure,
successive stages—discovery, participation, and transaction liquidity—reflect the reduction of
informational, coordination, and execution frictions. As these conditions mature, innovation
assets become increasingly interpretable, comparable, and actionable, culminating in capital
liquidity, where assets achieve compatibility with capital allocation frameworks and portfolio
integration.

Capital Liquidity

t

Transaction Liquidity

T

Participation Liquidity

T

Discovery Liquidity

T

Information Liquidity

Figure A—The Liquidity Ladder

The liquidity ladder illustrates the progressive stages through which innovation assets become
capable of circulating across heterogeneous actors and capital allocation systems.
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Appendix B — Core Mechanisms of Liquidity Dynamics

This appendix provides simplified visual representations of the core mechanisms through which
liquidity dynamics operate in innovation capital markets. While the main text develops these
mechanisms analytically, the figures below illustrate their structure in a more intuitive form.

Figure B1 presents the primary participation-driven loop through which interaction, signal
formation, and expectation convergence reinforce one another over time. Figure B2
complements this by illustrating contribution-driven processes, in which structured inputs from
participants enrich the signal environment and enhance interpretability. Together, these
mechanisms describe how liquidity propagates through repeated cycles of interaction and
contribution under conditions of incomplete and asymmetric information.

Participation

2

Interaction

2

Signals

N2

Expectations

N2

Expanded Participation

J

Figure B1—Participation Loop (Core Mechanism)

The participation loop illustrates the primary mechanism through which liquidity dynamics
propagate. As actors engage around innovation assets, interaction generates observable signals
that inform expectation formation. As expectations stabilize, additional participation is
encouraged, reinforcing subsequent cycles of interaction and signal generation. This recursive
process contributes to increasing participation density and improving the interpretability of
innovation assets over time.
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Figure B2 — Contribution-Driven Signal Enrichment

Contribution-driven processes complement interaction-driven loops by enriching the signal

Participation

environment through structured inputs from participants. Private or fragmented information,

when contributed in structured form, can be transformed into interpretable signals without

requiring full disclosure. These signals enhance the market signal environment, improving

interpretation and supporting subsequent participation. This mechanism extends traditional

network effects by incorporating controlled contribution as a driver of liquidity dynamics.
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Appendix C — Discovery to Participation Transition

This appendix provides a conceptual representation of the transition from discovery to
participation within liquidity formation. While the main text discusses the conditions under
which innovation assets become visible and interpretable, the figure below illustrates the
intermediate steps through which actors move from passive discovery toward active
engagement.

The model emphasizes that discovery alone does not generate participation. Instead,
participation depends on the ability of actors to interpret potential economic pathways and
assess preliminary participation signals. By making these intermediate processes explicit, the
figure clarifies how early-stage informational conditions evolve into participation dynamics
within innovation capital markets.

| Technical Legibility |

v

| Asset Visibility |

2

| Economic Pathway Interpretation |

N2

| Economic Participation Signals |

v

| Participation |

Figure C — Discovery-to-Participation Liquidity Formation

The transition from discovery to participation requires more than the visibility of innovation
assets. While technical legibility and asset visibility enable discovery, participation depends on
the ability of actors to interpret potential economic pathways and assess preliminary
participation signals. These interpretive processes reduce early-stage uncertainty and allow
participants to move from passive observation toward active engagement. This transition
represents a critical step in liquidity formation, linking information and discovery conditions to
the emergence of participation dynamics.
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Appendix D — Structural Drivers and Liquidity Maturation

This appendix provides a synthesized view of the relationship between the structural conditions
defined in Research Paper No. 03 and the progressive liquidity formation examined in this
paper. While the main text develops these elements separately—first as institutional
infrastructure and then as liquidity dynamics—the figure below integrates them into a single
conceptual model.

The diagram illustrates how underlying structural drivers enable successive stages of liquidity to
emerge and stabilize. By linking institutional readiness to liquidity maturation, it clarifies that
progression along the liquidity ladder is contingent upon the development of specific
informational, participation, and coordination conditions. In this sense, liquidity formation can
be understood not only as a dynamic process, but also as one conditioned by the progressive
satisfaction of underlying structural requirements.

Structural Drivers (Thresholds)

Asset Legibility
Participation Density
Signal Formation
Expectation Formation
Capital Eligibility

N

Progressive Liquidity Formation

Information Liquidity
Discovery Liquidity
Participation Liquidity
Transaction Liquidity
Capital Liquidity

Figure D — Structural Drivers and Liquidity Maturation

The progressive stages of liquidity formation described in this paper depend on underlying
structural drivers that reduce informational, coordination, and institutional frictions surrounding
innovation assets. These drivers—such as asset legibility, participation density, credible signal
formation, expectation convergence, and capital eligibility—establish the conditions under
which successive stages of liquidity can emerge and stabilize. As these conditions mature,
liquidity stages become capable of reinforcing one another, enabling innovation assets to
circulate more reliably across heterogeneous actors and capital allocation systems.
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Appendix E — Liquidity-First Market Formation

This appendix provides a conceptual comparison between traditional market formation
processes and the liquidity-first approach developed in this research. While the main text
explains this distinction analytically, the figure below summarizes the difference in structural
logic through which markets emerge.

Traditional financial markets typically develop through the prior definition of tradable
instruments, followed by the establishment of trading venues and liquidity provision
mechanisms. In contrast, innovation capital markets must address the absence of standardized
assets at the outset. As a result, market formation begins with the development of liquidity
conditions—through participation, signal formation, and interpretability—before assets become
sufficiently structured for capital market participation.

This comparison clarifies the central argument of the paper: innovation markets emerge not
from predefined instruments, but from the progressive establishment of conditions that enable
innovation assets to circulate and become economically actionable.

Traditional Market Formation
(Instrument-First Model)

Innovation Market Formation
(Liguidity-First Model)

Instrument Definition Liquidity Conditions

N2

Trading Venue

2

2

Participation & Signals

Liquidity Provision

¥

Asset Standardization

N

Capital Market Participation

Figure E — Traditional vs Innovation Market Formation

Traditional market formation typically follows a sequence in which standardized instruments are
defined prior to trading, with liquidity emerging subsequently through market-making and
exchange mechanisms. By contrast, innovation market formation proceeds through a liquidity-
first process, in which participation, signal formation, and interpretability precede asset
standardization and capital market integration. This inversion reflects the evolving nature of
innovation assets, whose economic characteristics develop over time and require the
progressive reduction of informational, participation, and transaction frictions before they can
participate in structured capital allocation systems.
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Appendix F — Key Propositions of Liquidity Dynamics in IP Capital Markets

This appendix summarizes the core propositions derived from the analysis presented in this

paper. The table below consolidates the core structural and dynamic insights developed across
the preceding sections into a set of concise statements and implications.

These propositions are not independent claims, but reflect interrelated aspects of liquidity
dynamics, including progressive formation, multi-dimensional structure, ecosystem activation,
recursive propagation, and capital integration. Together, they provide a synthesized view of the
conditions under which innovation assets become capable of sustained participation within
capital allocation systems.

Proposition

Statement

Implication

1. Progressive

Liquidity in innovation assets does not

Liquidity must be architected

Precedes Capital
Participation

Capital does not create initial liquidity in
innovation assets. Capital markets
typically participate once liquidity
conditions—such as comparability,
disclosure discipline, governance
integrity, and participation depth—have
begun to stabilize. As established in
Research Paper No. 01, innovation
assets evolve through successive stages
of economic formation, each associated
with different forms of participation.
Capital liquidity emerges within this
progression as part of a continuous
system in which capital transitions

Liquidity arise at the moment of transaction. It across stages of innovation
Formation emerges progressively as informational, | development rather than
participation, and transaction frictions assumed to exist once assets
are reduced through institutional enter market exchange.
coordination. Early stages are
characterized by high uncertainty and
limited interpretability, with liquidity
developing as knowledge is structured,
participation expands, and coordination
improves.
2. Liquidity Capital liquidity should be

understood as a continuous
and reinforcing component of
liquidity dynamics, enabling
capital to circulate across
stages rather than acting as a
terminal stage of market
formation.
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across stages and reinforces earlier
forms of liquidity through recycling and
signaling effects.

3. Multi-
Dimensional
Liquidity

Liquidity in innovation markets extends
beyond trading activity and includes
multiple dimensions: information
liquidity (structured knowledge),
discovery liquidity (asset visibility),
participation liquidity (actor
engagement), transaction liquidity
(execution capacity), and capital liquidity
(institutional compatibility).

Liquidity formation cannot be
reduced to any single
dimension; it requires
coordinated development
across informational,
participation, and transaction
layers.

4. Infrastructure-
Dependent
Liquidity

Liquidity formation depends on
institutional infrastructure, including
asset representation, verification and
assurance, discovery and signal
formation, standardized execution
environments, governance frameworks,
and capital compatibility structures.

Liquidity is a systemic
property of market
architecture rather than a
characteristic of individual
assets.

5. Ecosystem
Activation as a

Liquidity dynamics do not arise
automatically from the presence of

Liquidity formation requires
mechanisms that bring assets

Necessary innovation assets or institutional and actors into active
Condition infrastructure. As examined in this paper, | engagement; institutional
liquidity formation depends on the infrastructure alone is
activation of ecosystem participants and | insufficient to produce
assets through processes that enable functioning markets.
interaction, contribution, and
interpretation. Without such activation,
participation environments may remain
structurally organized but economically
inactive.
6. Liquidity Liquidity dynamics propagate through Liquidity formation depends
Propagation recurring cycles of interaction and on the reinforcement of
through contribution, referred to in this paper as | participation and signal

Recursive Loops

liquidity loops. Within these cycles,

formation over successive
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participation generates signals, signals
shape expectations, and expectations
influence subsequent participation.
These recursive processes enable
liquidity conditions to accumulate and
reinforce over time.

cycles, rather than on isolated
interactions or discrete
transactions.

7. Liquidity
Architecture and
Scalability

When progressive liquidity conditions
are present, innovation assets can
circulate coherently across
heterogeneous actors and capital
systems. This enables structured
participation, improved capital
allocation, portfolio integration, and

capital recycling across innovation cycles.

Liquidity architecture enables
innovation to function as a
scalable economic asset base
rather than a sequence of
isolated technological
outcomes.
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IPX Foundation Research Program

Architectures for Innovation Capital Formation

The IPX Foundation is a Washington, D.C.—based nonprofit research and standards organization
dedicated to developing institutional frameworks that enable innovation assets to participate
within coordinated capital markets.

The Foundation’s research program examines the economic, market, and system architectures
required to support scalable innovation capital formation, as well as the liquidity dynamics
through which innovation capital markets sustain capital participation across stages of
development.

The publication series Architectures for Innovation Capital Formation develops this analytical
framework across four complementary perspectives:

Research Paper No. 01 — Economic Architecture of Innovation Capital Formation
Research Paper No. 02 — Market Architecture for Innovation Capital Formation
Research Paper No. 03 — System Architecture for IP Capital Markets

Research Paper No. 04 — Liquidity Dynamics of IP Capital Markets

Together, these publications examine the institutional conditions under which innovation
assets—operationally expressed through intellectual property and technological development—
can participate coherently within capital allocation systems.

Future publications in the research program will examine the macroeconomic implications of
innovation capital market formation.
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