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Uniswap Protocol V4 Hook-based On-Chain Policy Orchestration Architecture

Executive Summary

Uniswap Protocol v4 represents a significant evolution in decentralized exchange
technology, introducing unprecedented flexibility through its hook system, singleton
architecture, flash accounting, and asset-agnostic design. This paper proposes an on-chain
policy orchestration architecture that leverages Uniswap v4's inherent capabilities,
particularly its hooks, to create a robust and adaptable infrastructure for diverse value
exchange scenarios beyond traditional token swaps, from complex financial products to

real-world asset integrations.

At the core of this proposal is the Hook Manager framework, designed as an orchestration
layer positioned between Uniswap pools and specialized policy logic. This framework
enables the implementation of complex business rules - such as dynamic pricing, inventory
management, risk controls, or compliance procedures - through modular, customizable,
and upgradeable policy-specific hook contracts. Crucially, this allows for significant
extensibility and tailoring of pool behavior on an opt-in basis, without altering the
fundamental V4 core protocol, thereby preserving its neutrality and permissionlessness.
This modular approach significantly enhances security by isolating concerns and facilitates
features critical for institutional adoption and Real-World Asset (RWA) integration, such as

pool-specific compliance checks or unique settlement logic, governed transparently.

The paper details the Hook Manager's design, emphasizing features like dynamic
configuration, standardized event emission, and controlled upgradeability (including pool
pausing managed via decentralized governance). It proposes a decentralized governance
model, potentially utilizing the UNI token, to oversee the registration and management of
policy hooks, empowering stakeholders and ensuring community alignment. This structure
is intended to foster a vibrant ecosystem of third-party hook developers, creating
specialized, reusable components and potentially new monetization avenues through

licensing or services, further strengthening the Uniswap network.

Overall, the proposed Hook Manager architecture aims to enhance security through

modularity, improve institutional readiness via tailored, governable policy hooks, boost
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development efficiency for protocol integrations, increase competitive agility, and offer
greater regulatory adaptability for specific use cases. By providing a standardized yet
flexible way to extend V4's capabilities, this framework seeks to unlock new potential for
Uniswap Protocol, driving ecosystem growth and network effects while adhering to its core

principles.
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1.Introduction

Uniswap Protocol v4 marks a pivotal moment in decentralized finance, introducing a highly
programmable infrastructure characterized by hooks, a singleton architecture, flash
accounting, and native ETH support. These features dramatically expand the design space
for automated market makers, providing the foundational technology not just for optimized
token swaps, but for potentially realizing universal peer-to-peer value exchange across a
vast array of assets and services. At its core, Uniswap v4 offers programmable
infrastructure capable of underpinning diverse economic activities far beyond traditional
DeFi.

While V4's inherent flexibility, especially through the hook mechanism, unlocks immense
potential, it also introduces new challenges. Harnessing this power effectively for
sophisticated applications—particularly those involving institutional participants, complex
financial products, Real-World Assets (RWAs), or specific compliance
requirements—necessitates structured approaches. Implementing complex business logic,
risk controls, or regulatory procedures directly within individual hooks can lead to
fragmentation, duplicated effort, security risks, and difficulties in standardization and
verification.

To address these challenges and unlock the full potential of V4 for advanced use cases, this
paper proposes an On-Chain Policy Orchestration Architecture. Central to this
architecture is the Hook Manager framework, designed as a specialized orchestration layer
mediating between V4 pools and modular policy logic. This framework provides a
standardized, maintainable, and governable pattern for implementing diverse
policies—from dynamic pricing and custom settlement rules to compliance checks and risk
management parameters—as discrete, upgradeable, and potentially reusable policy-specific
hook contracts. By doing so, it aims to enhance Uniswap's capabilities for complex value
exchange scenarios, foster a robust ecosystem of specialized hooks, and improve readiness
for institutional and RWA adoption, all while preserving the neutrality and
permissionlessness of the core V4 protocol.

2. Why Framework-Driven On-Chain Enforcement Matters
Over Off-Chain or Ad-Hoc Hooks

While off-chain rules (e.g., within specific Uls or partner systems like Fireblocks) can
describe desired behavior, they fundamentally lack the composable trust and atomic
execution integrity required for sophisticated, trust-minimized DeFi operations,
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particularly those involving institutional partners, DAOs, or Real-World Asset (RWA)
integrations. Here's why the proposed Hook Manager framework's approach to on-chain
enforcement is a better alternative:

1. Bridging the Trust Gap Beyond Basic Hooks:

o

Off-Chain Limitation: Off-chain rules are inherently siloed and rely on
trusting the specific interface or system implementing them. Other smart
contracts, on-chain automations (like DAO proposals), or aggregators cannot
independently verify or rely on these external rules. This limits composability
and creates counterparty risk.

Basic Hook Limitation: While any on-chain hook offers atomic execution,
the permissionless nature of v4 means partners face a chaotic landscape of
arbitrary, unvetted hooks. Relying on a basic hook requires trusting the
specific deployer and auditing isolated, potentially complex code, which
doesn't scale and lacks systemic assurance.

Framework Advantage: The Hook Manager framework addresses this by
providing a structured environment with standardized interfaces and a
potential curated registry of audited, policy-specific hooks. This moves
beyond trusting individual hooks to trusting a system designed for reliable
policy deployment. Partners can interact with pools, knowing the governing
logic adheres to known standards and potentially pre-vetted policies,
drastically reducing integration friction and diligence overhead.

2. Delivering Reliable Composability:

ElBendary

o

Off-Chain/Basic Hooks: Offer limited or unreliable composability for
external smart contracts. Currently, each pool’s hook contract is effectively
its own silo. While auditability exists at the individual contract level, there is
no unified registry or on-chain index of policy-compliant pools. That makes
discovery, governance, and integration more fragmented for all users, retail
and institutional.

Framework Advantage: The framework turns the potential for composability
into a discoverable and reliable feature. A pool utilizing the Hook Manager
framework signals adherence to specific, modular policies (e.g., compliance,
risk controls) that other contracts or DAOs can programmatically interact
with, backed by the framework's structural guarantees and potential registry
curation. It enables building ecosystems of policy-aware applications.
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3. Ensuring Comprehensive Atomic Execution:

o Off-Chain/Basic Hooks: Off-chain rules are non-atomic with on-chain
actions, risking circumvention or state mismatches. Basic hooks execute
atomically but might combine multiple concerns, making audits complex and
increasing the blast radius of bugs.

o Framework Advantage: The Hook Manager ensures that multiple, discrete
policy checks (each implemented as a modular, potentially audited
policy-specific contract) are executed atomically within the same core pool
transaction. This allows for complex, multi-faceted rule enforcement (e.g.,
checking compliance AND slippage AND dynamic fees) with the guarantee
that either all policies pass and the core action occurs, or the entire
operation reverts. This granular, yet comprehensive, atomic integrity is
crucial for high-stakes institutional or RWA applications.

In essence, while any on-chain hook provides basic atomicity, the Hook Manager and
Policy-Specific Hook Contracts framework elevates this by adding layers of standardization,
modularity, discoverability, and trust. This transforms on-chain enforcement from a basic
capability into a robust, scalable, and institution-ready primitive, directly enabling
advanced DeFi use cases and partnerships. It makes the inherent benefits of on-chain logic
practical and reliable for the target users who need it most.

These benefits demonstrate that investment in the Hook Manager architecture can deliver
immediate value to hook developers/curators and the larger DeFi ecosystem.

3. On-Chain Policy Orchestration Architecture

The technical strategy for realizing on-chain policy orchestration leverages Uniswap
Protocol v4's flexibility to create high maintainability patterns for the creation and
evolution of policy components that can be adapted across different value exchange
scenarios.

3.1. Hook Manager Framework

At the core of the architecture style is a specialized Hook Manager framework that provides
a structured approach to customizing pool behavior. This framework enables different
pricing mechanisms, compliance policies, and business logic to be implemented as
modular, upgradeable policy contracts.
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The Hook Manager serves as an orchestration layer that:

e Provides a single integration point for pools with similar profiles

e Manages the execution order of registered policy-specific hook contracts applicable
to one or more attached pools

e Supports dynamic configuration of <pool, operation, policy-specific hook contracts>
mapping (i.e. what policies to enforce, in what order, for which pool operation,
before or after the pool operation, on a particular pool)

e Supports dynamic registration and deregistration of policy-specific hook contracts

e Implements pausing logic using OpenZeppelin's Pausable contract to halt pool
interactions during policy upgrades or reconfiguration.

e Emits standardized events for compliance and analytics

The following design constraints result in bounding the design space of Hook Manager and
Policy-specific hook contracts across use cases towards balancing safety, upgradability,
reduced capital migration due to policy changes, consistent data for analytics, and gas
efficiency, all without limiting the action space made possible by v4 Hooks design.

e Hook Manager (Policy Orchestrator)

o Implements the v4 hooks interface and manages all delegation to
policy-specific hook contracts.

o Hook Manager attachment to the pool at creation time is immutable (current
v4 semantics).

o Allows a maximum of five policy-specific hooks per pre-action and
post-action pool operation callback to balance composability with efficiency,
and auditability. Essentially, each THook callback function implementation is
a fan-out to a maximum of five external contract calls.

o The Hook Manager implements a private singleton for maintaining attached
pools. This facility allows multiple related or similar asset-profile (e.g. stable
coins) pools to benefit from consistent customization and policy
enforcement when appropriate. The Hook Manager’s pool awareness allows
for flexible implementations on subsets among the related pools attached.

o The Hook Manager implementation must be free of dependencies on

policy-specific contract types (i.e., the direction of dependency is one-way
from policy-specific contracts to the Hook Manager). This
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policy-obliviousness constraint reduces the likelihood of frequent

capital /capacity migration by ensuring that policy-specific hook contracts
can be modified, upgraded, or retired independently of the Hook Manager. By
maintaining this constraint, Hook Manager implementations, regardless of
use case, preserve Uniswap Core v4 semantics, facilitate reducing costs,
maintain business continuity, and reduce the need to fork the core protocol
codebase.

The Hook Manager cannot detach an already attached pool (current v4
semantics).

Enforces pre-action and post-action execution sequence and policy
enforcement order as applicable per attached pool, ensuring deterministic
transaction behavior. Please note that rule-based policy execution ordering is
technically feasible if a Hook Manager developer wishes to do so. Execution
order of policies can only be set by the administrator.

Supports dynamic registration (addition) and deregistration (removal) of
policy-specific contracts post deployment of the Hook Manager by the
administrator. Registration and deregistration of policies require pausing all
affected pools.

Responsible for pausing attached pools during reconfiguration and the
upgrade of a policy-specific contract applicable to those pools per the
current configuration.

Must reside on the same chain as the Core v4 PoolManager contract and all
registered policy-specific hook contracts.

A common data format for event emitting across hook manager and
policy-specific hook contract implementations must be defined.

Emits standardized event logs for enhanced observability, facilitating
compliance, risk assessment, and analytics.

Pool registration events must be emitted. Policy-specific registration,
reordering, and deregistration events must be emitted. State changes to
<Pool, Operation, Policy-specific hook contracts> mappings must be emitted.
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Discussion of Pool Pausing

Admin-only access control for the upgrade and configuration changes provides
necessary security to prevent unauthorized pausing of pools. This aligns with the
governance model discussed later in section 5, where staked UNI token holders
could vote on upgrades. Since such changes will likely involve voting, the actual
upgrade can be announced to ensure traders pause their activity for the duration of
the upgrade/reconfiguration. The Pausable contract supports emitting specific
events when entering and exiting the paused state that tools can listen to. It is
recommended that the Hook Manager developer implements an emergency
reset/revert function to support recovery from misconfigurations or a failed
upgrade.

It is important to note that Protocol Core v4 unpausable semantics are still
preserved. The hook manager, through its implementation of simulated pausable
behavior by checking for the paused state and rejecting transactions, is effectively
pausing the pool. However, pausing is admin-only, after decentralized governance
vote to carry out the upgrade or reconfiguration (please see section 5), and only
affects pools attached to this specific Hook Manager deployment.

Policy-Specific Hook Contracts (Modular Customizability and Compliance)

o Each contract enforces a single, well-defined policy (e.g., MEV protection,
slippage control, compliance enforcement, different liquidity models
altogether), following the Single Responsibility Principle to improve security,
auditability, and independent evolution.

o All policy-specific hook contracts to be registered with a Hook Manager must
follow a unified interface imposed by that Hook Manager for receiving
transaction data and returning a result. The result data is used to either
continue processing, reject the transaction, rollback, etc.

o Must be registered with a Hook Manager by the administrator at deployment
time.

o Can be upgraded in place without liquidity migration (requires the Hook
Manager pauses the pool during the upgrade). The upgrade is permissionless
but requires administrative access.
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o Must reside on the same chain as the Hook Manager, ensuring low-latency
execution and security consistency across pools.

Each value exchange scenario implements specialized policy hooks addressing its unique
requirements. This modular approach balances customization with standardization,
enabling rapid adaptation to new value exchange scenarios while maintaining a consistent
foundation.

3.2. Security Analysis of the Hook Manager Framework

This section provides a formal security analysis of the Hook Manager architecture,
examining potential attack vectors, mitigation strategies, and security properties of the
system.

3.2.1. Threat Model

The Hook Manager framework operates in an adversarial environment where multiple
parties with potentially conflicting incentives interact. We consider the following threat
actors:

1. Malicious Policy Hook Developers - May attempt to introduce vulnerable or
exploitative code through policy-specific hook contracts

2. Compromised Administrators - Authorized entities whose credentials are stolen or
who become malicious

3. Protocol Users - May attempt to manipulate transaction ordering or exploit edge
cases in policy implementations

4. External Attackers - Parties attempting to find and exploit vulnerabilities in the
implementation

The security analysis assumes that the Uniswap v4 core protocol itself is secure and
focuses on threats specific to the Hook Manager orchestration layer.

3.2.2. Attack Vectors and Mitigations

Delegation and Authorization Attacks

Vector: The Hook Manager's ability to delegate calls to multiple policy-specific hooks
creates a complex authorization surface that could be exploited if improperly implemented.
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Mitigation:

Strict access control for policy registration, limiting this capability to
governance-approved addresses

Comprehensive verification of policy hook interfaces before registration
Implementation of the proxy pattern to separate interface from logic, allowing for
security patches without state migration

Event emission for all policy registration/deregistration activities to enable
monitoring

Reentrancy Vulnerabilities

Vector: Policy-specific hooks could potentially reenter the Hook Manager or other policy
hooks, creating unexpected state manipulations.

Mitigation:
e Implementation of a reentrancy guard at the Hook Manager level
e Enforcement of execution order to prevent circular dependencies
e Requirement that policy-specific hooks follow a check-effects-interactions pattern
e Policy hooks must never be allowed to call each other directly; all interaction must

be mediated through the Hook Manager

Front-Running and Transaction Ordering Attacks

Vector: Malicious actors can observe pending transactions in the mempool and extract
value through front-running in two main ways:

1.

By observing user transactions (e.g., swaps, liquidity actions) that interact with
hook-enabled pools and executing transactions before them (e.g., sandwich attacks)
to exploit price impact, considering the effects of the triggered hook logic.

By observing administrative transactions targeting the Hook Manager (e.g., changing
hook configurations, pausing /unpausing pools) and executing transactions that take
advantage of the current pool rules before the administrative change takes effect.

Mitigation:

Implementation of commit-reveal schemes for sensitive configuration changes
Use of time-locks for administrative operations

Integration with MEV-resistance mechanisms where applicable

Rate limiting on successive operations by the same address within policy hooks
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Governance Attack Vectors

Vector: The decentralized governance mechanism could be subject to attacks such as
governance takeovers through token acquisition or manipulation of voting processes.

Mitigation:

Implementation of time-locked execution for governance decisions

Quorum requirements that scale with the sensitivity of the operation

Separate technical and user-experience governance tracks with different approval
thresholds

Emergency override capabilities that require multiple independent signatories

Pausability Exploitation

Vector: The pause mechanism, while necessary for upgrades, introduces a centralization
risk and potential for denial of service.

Mitigation:
e Time-bounded pauses that automatically expire after a predefined period
e Multi-signature requirements for pause actions
e Transparent advance notification for scheduled pauses
e Implementation of circuit breakers that can only be triggered under specific,

predefined conditions
Development of emergency procedures for handling pause-related incidents

3.2.3. Formal Security Properties

The Hook Manager architecture enforces the following formal security properties:

1.

Policy Isolation: Failures in one policy hook cannot affect the operation of other
policy hooks (compartmentalization).

Atomic Policy Execution: All applicable policies for a given operation are either all
executed successfully or the entire operation reverts.

Deterministic Execution Order: The sequence of policy hook execution is
predictable and consistent for a given pool configuration.

Governance-Bounded Modification: Changes to the Hook Manager or policy hooks
can only occur through the established governance process, with appropriate time
delays and notifications.
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5. External Verifiability: The state of the Hook Manager, including all registered policy
hooks and their configurations, is publicly verifiable on-chain.

3.2.4. Secure Development Lifecycle

To ensure ongoing security, we recommend the following security practices for Hook
Manager implementations:

1. Independent Security Audits: All Hook Manager implementations and
policy-specific hooks should undergo comprehensive third-party security audits
before deployment.

2. Formal Verification: Critical components should be formally verified for property
adherence where possible.

3. Tiered Deployment: New policy hooks should follow a staged deployment process:
testnet — forked mainnet simulations — limited mainnet release — full release.

4. Bug Bounty Program: A substantial bug bounty program should incentivize external
security researchers to report vulnerabilities responsibly.

5. Security Monitoring: Continuous monitoring of Hook Manager operations through
event logging and anomaly detection systems.

6. Incident Response Plan: A predefined incident response procedure should be
established for addressing discovered vulnerabilities or exploits, including
communication protocols and emergency actions.

By implementing these security measures and maintaining vigilance against the identified
attack vectors, implementations of the Hook Manager framework can provide a robust
security foundation for extending Uniswap v4's capabilities while minimizing the
introduction of new vulnerabilities.

3.3. Gas Cost Implications for Users

The Hook Manager architecture introduces additional computational overhead that
directly impacts transaction fees for users interacting with policy-enabled pools. This
section analyzes these costs and their practical implications for different user segments.

Base Cost Increase

Each policy-specific hook evaluation adds gas costs through several mechanisms:
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1. Contract Delegation Overhead: Each hook call involves a cross-contract call

(DELEGATECALL or CALL opcode), costing approximately 700-2,100 gas depending
on implementation.

2. State Access Operations: Policy hooks typically perform multiple storage reads

(SLOAD operations at 2,100 gas each) to verify compliance with configured

parameters.
3. Computation Costs: Policy-specific logic execution adds variable costs based on
complexity.

For a typical transaction interacting with a Hook Manager-enabled pool implementing

three policy hooks, users can expect the following approximate gas overhead compared to

direct v4 pool interactions without hooks.

Table 1: Gas Cost Analysis.

Transaction Base v4 Cost (gas) | With Hook Manager Percentage
Type (gas) Increase
Swap ~80,000 ~120,000-140,000 50-75%
Liquidity Add ~120,000 ~160,000-190,000 33-58%
Liquidity ~100,000 ~140,000-170,000 40-70%
Remove

These estimates represent average cases. Actual costs will vary based on:

e Number of active policy hooks
e Complexity of policy verification logic
e Current state of the pool and policy configuration

Economic Impact by User Segment

The gas cost implications vary significantly across different user segments:

ElBendary
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1. Retail Users (Small Transactions): For small retail trades (< $1,000), the additional
gas costs could represent a significant percentage of the transaction value,
potentially rendering policy-enabled pools economically unviable for this segment
during periods of high network congestion.

2. Mid-Size Traders ($1,000-$100,000): This segment faces a moderate impact, with
the additional costs representing a smaller percentage of transaction value. The
benefits of policy enforcement may outweigh costs depending on specific needs.

3. Institutional Users (>$100,000): For large transactions, the incremental gas cost
represents a negligible fraction of transaction value. The benefits of policy
enforcement (compliance guarantees, risk controls) typically far outweigh the
additional transaction fees.

4. Automated Strategies: For bots and automated trading strategies with high
transaction frequency but potentially thin margins, increased gas costs could
significantly impact profitability, requiring adjustments to trading thresholds.

Mitigation Strategies
Several approaches can help mitigate gas cost impacts:

1. Selective Policy Application: Configuring policy-specific hooks to exempt certain
transaction types or sizes from intensive verification, reducing costs for common
operations.

2. L2 Deployment: Deploying Hook Manager pools on Layer 2 solutions where gas
costs are typically 10-100x lower, making the overhead more economically feasible
for all user segments.

3. Gas Optimization: Implementing specialized gas optimization techniques in policy
hooks, such as bitmap-based verification for large datasets and minimal storage
reads.

4. Rebate Mechanisms: Implementing fee rebate structures that partially offset
increased gas costs for specific user segments or behaviors (e.g., liquidity providers).

The gas cost implications underscore the importance of thoughtful policy design that
balances security and compliance needs with economic accessibility. For most institutional
and RWA use cases that form the primary target market for policy-enabled pools, these
costs represent an acceptable trade-off for the enhanced security and compliance
guarantees.
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3.4. Scalability Analysis

The Hook Manager architecture allows, though does not endorse, multiple delegation
layers between the core protocol and execution logic, requiring careful consideration of
scalability implications across several dimensions. This analysis discusses scalability
dependencies and theoretical limits of the framework to inform developers of scalability
considerations with increased adoption.

Each additional policy hook introduces overhead through delegation costs, state access
operations, and business logic execution. The cumulative impact scales with the number
and complexity of policy hooks, which is why the architecture imposes a maximum of ten
hooks per operation (pre and post combined) to maintain reasonable performance
characteristics. Nonetheless, benchmarking implementations ahead of production is still a
hard requirement.

3.4.1. State Growth Discussion

The Hook Manager maintains mapping structures to track policy configurations across
pools. Projected state growth scales primarily with:

1. Number of unique pools (linear relationship)
2. Number of policy hooks per pool (bounded by the ten-hook limit)
3. Configuration parameters per policy (varies by policy complexity)

For illustration, a deployment managing 1,000 pools with an average of three policy hooks
each, the estimated state storage requirement is approximately 500-750 KB. This is well
within sustainable limits. A breakdown of base state storage requirements for this
deployment follows.

For each pool, the Hook Manager needs to store:

1. Pool Identifier Mapping: Each pool ID (typically 32 bytes) mapped to its configuration
o 32 bytes x 1,000 pools = 32,000 bytes
2. Operation Type Mapping: For each pool, mappings for each operation type (e.g.,
swap, mint, burn, etc.)
o Assuming 8 operation types (before/after swap, mint, burn, donate)
o Reference pointers: 4 bytes per operation x 8 operations x 1,000 pools =
32,000 bytes
3. Policy Hook References: For each operation on each pool, references to applicable
policy hooks (average of 3)
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o Address references: 20 bytes per address x 3 policies x 8 operations x 1,000
pools = 480,000 bytes

4. Execution Order Parameters: Metadata about execution sequence

o Order parameter: 1 byte x 3 policies * 8 operations x 1,000 pools = 24,000
bytes

5. Administrative Metadata: Access control lists, pause status, version info

o Approximately 20 bytes per pool x 1,000 pools = 20,000 bytes

This leads to a base storage estimate for this deployment of: 32,000 + 32,000 + 480,000 +
24,000 + 20,000 = 588,000 bytes = 574 KB

Considering implementation overhead, mapping structures, and alignment requirements in
Solidity (which typically add 15-30% overhead), the total comes to approximately 574 KB x
(1.15 to 1.3) = 660-746 KB.

3.4.2. Concurrent Operation Handling

The Hook Manager operates within the sequential execution model of the underlying

blockchain, with all policy evaluations for a given pool operation executing atomically
within a single transaction. This means:

1.

True concurrency issues do not arise within a single pool operation, as all policy
evaluations occur sequentially in deterministic order within the same transaction
context.

The Hook Manager's fan-out to policy-specific contracts always executes within the
pool operation context, inheriting the same concurrency model as the attached
pools.

Different pool operations across multiple pools may occur in separate transactions
that could be included in the same block, but these are still processed sequentially
by EVM nodes.

Policy-specific contracts can indeed be registered with multiple Hook Manager
deployments. As long as these contracts are designed to be stateless or follow
proper state isolation practices (no shared mutable state between different calling
contexts), they can safely service multiple Hook Managers without concurrency
issues.

The primary scaling consideration is therefore not concurrent execution management, but
rather the computational efficiency of policy evaluation within the sequential execution
model. The architecture benefits from the blockchain's inherent transaction atomicity,

ElBendary 17



Uniswap Protocol V4 Hook-based On-Chain Policy Orchestration Architecture

guaranteeing that all policy checks for a given operation either pass collectively or the
entire operation reverts.

4. Hook Manager Architecture Potential Benefits

The Hook Manager architecture provides notable benefits to hook developers and curators.
These advantages strengthen the DeFi value proposition in general and advances the
foundational development for broader ecosystem expansion.

4.1. Enhanced Security Through Modular Design

The modular policy hook architecture substantially improves security for DeFi applications
managing v4 pools by providing loose coupling guidance for isolating functionality into
smaller, purpose-specific components that the hook manager remains agnostic to. Rather
than deploying monolithic hook contracts that combine multiple functions (increasing
complexity of maintenance and auditability), the Hook Manager enables discrete policy
hooks that can be audited independently. This approach reduces the risk of vulnerabilities
while streamlining the audit process for new features, benefiting both traditional DeFi
pools and new vertical implementations.

4.2. Improved Institutional Adoption

Institutional participants in DeFi markets have consistently emphasized the need for
greater control, compliance capabilities, and risk management. The Hook Manager
framework directly addresses these requirements by enabling specialized policy hooks for
KYC/AML enforcement, transaction monitoring, and sophisticated risk controls. These
features can be selectively applied to pools targeting institutional participants while
maintaining the permissionless nature of other pools. This flexibility can help reduce entry
barriers-regulatory uncertainty is still the primary barrier-to institutional DeFi adoption,
potentially accelerating Uniswap's growth in the institutional segment.

4.3. Operational Efficiency for Protocol Development

By establishing clear interfaces between the Hook Manager and policy hooks, the
framework creates more efficient development workflows for hook developers and dApp
developers. New features can be implemented as policy hooks and experimented with in
isolation more rapidly, reducing integration complexity, testing requirements, and
independent security audits. This approach also enables parallel development streams,
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with specialized teams working on different policy hooks simultaneously. The resulting
efficiency accelerates the Uniswap ecosystem’s ability to innovate within DeFi and beyond.

4.4. Enhanced Competitive Positioning

As competing DEX protocols emerge with various features, Uniswap's ability to rapidly
deploy new capabilities becomes increasingly important. The Hook Manager architecture
enables faster response to competitive features through targeted policy hooks, helping
maintain Uniswap's leadership position. Additionally, the structured environment enabled
by the incentives and governance aspects of the Hook Manager framework will likely
generate insights applicable to DeFi and RWA markets, creating innovation spillover effects
that benefit the entire ecosystem.

4.5. Regulatory Adaptability

The evolving regulatory landscape for DeFi creates uncertainty and potential compliance
challenges. The Hook Manager architecture provides lower-cost adaptability to regulatory
changes, as new compliance requirements can be implemented as specific policy hooks
without disrupting existing operations. This capability becomes increasingly valuable as
global regulations develop, and as post-quantum preparations become more eminent (e.g.
enforcing organized post-quantum policy migration), positioning Uniswap to adapt more
efficiently than competitors with less flexible architectures.

4.6. Evaluation Against Alternatives

4.6.1. Can frontend controls substitute on-chain hook
enforcement?

At first glance, frontend interfaces (e,g, from Uniswap Labs, Ledger Live, Fireblocks UlI) can
implement rules like trade size caps, token allow lists, or price bounds. This gives the
impression that on-chain policy hooks are unnecessary.

However, these controls are only effective within a specific frontend context. If a user
interacts directly with a contract using a custom RPC, CLI, or bot, frontend protections are
entirely bypassed. Therefore, frontend-only solutions cannot enforce universal trust or
cross-platform guarantees.

This matters for institutional partners or DAOs who need to guarantee that no
interaction—across any interface or automation system—can violate policy constraints. In
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contrast, on-chain hook contracts execute within the transaction context itself, making
them immutable, enforceable, and audit-complete.

4.6.2. Why not use general hook contracts instead of the Hook
Manager framework?

Uniswap v4 allows anyone to deploy arbitrary hooks. But this flexibility comes at a cost:
without governance or trust controls, the ecosystem becomes chaotic, and regulated
capital partners cannot differentiate between secure and insecure pools.

The Hook Manager framework solves this by introducing creation of a curated registry of
approved policy hook contracts within a modular governance model. This provides a trust
anchor: partners can integrate with pools where they know only vetted policies are
attachable.

As a result, protocol partners like Fireblocks, Anchorage, or DAO treasuries can confidently
direct liquidity or trading behavior through pools that implement only audited and
permitted business logic. This is not possible with raw hooks alone, especially when
consistent cross-pool enforcement is mandatory.

4.6.3. Can one hook contract fan out to policy-specific contracts
and bypass the need for the Hook Manager?

It is technically feasible to design a single generalized hook contract that maintains
references to external policy-specific contracts, using delegate call or standard call to
execute modular logic. This allows for auditability—since the hook contract would expose
its policy references—and upgradability, assuming the delegated contracts are swappable
via admin or governance roles.

However, the key distinction is not only functional, but systemic. The Hook Manager offers

value not only in isolated pool enforcement, but in system-wide coordination and
composability.

Without the Hook Manager framework, each pool’'s hook contract becomes siloed. While

auditability exists at the individual contract level, there is no unified registry or on-chain
index of policy-compliant pools. That makes discovery, governance, and integration more
fragmented for external partners.

Moreover, the framework enables cross-pool policy consistency and trust anchoring. It
allows institutional partners to verify—through a shared registry—that a given pool adheres
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to a known, governance-controlled set of policies. This capability is vital for applications
like custodians, DAOs, and aggregators who rely on contract-level guarantees across
multiple liquidity pools.

Finally, the Hook Manager framework supports ecosystem-wide composable governance,
by separating the concerns of policy definition, audit, and pool deployment. A monolithic
fan-out hook would require off-chain infrastructure to replicate this trust model,
increasing complexity.

Thus, while a fan-out hook structure can implement flexible logic, it lacks the cross-pool
standardization, discoverability, and governance alignment that the Hook Manager
framework offers.

4.7. Addressing Liquidity Fragmentation Concerns

A valid question is whether requiring distinct pools for different policy sets, as enabled by
the Hook Manager framework, leads to detrimental liquidity fragmentation.

The direct answer is yes on liquidity fragmentation, but not detrimental: segmenting
liquidity based on policy inherently creates more pools than a single, policy-agnostic
environment would contain. However, this impact must be understood in context:

1. Existing DeFi Fragmentation: Liquidity in DeFi is already significantly fragmented.
Factors like multiple AMM versions (v2, v3, v4), numerous Layer 2 deployments,
diverse wrapped and bridged assets, and various fee tiers create a complex liquidity
landscape. The Hook Manager framework adds policy enforcement as another, often
crucial, dimension for market segmentation, rather than introducing fragmentation
as a novel problem.

2. Standard Mitigation Tools Apply: Established DeFi solutions effectively address
fragmentation's impact on users. Liquidity aggregators (e.g., linch), smart routing
algorithms within wallets and interfaces, and targeted liquidity mining incentives
remain essential tools for navigating and optimizing trades across these
policy-specific pools, just as they do across different fee tiers or L2s today.

The Critical Trade-Off: Prioritizing Policy Enforcement

More importantly, for the primary target users of framework-enabled pools—institutions,
regulated entities, DAOs, and Real-World Asset (RWA) issuers—the ability to enforce
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specific, auditable policies directly on-chain often supersedes the goal of achieving the
absolute lowest slippage on every trade.

e Value of Guarantees: The guarantee of compliance (e.g., KYC/AML checks via
hooks), risk controls (e.g., immutable price bounds or position size limits), or specific
operational logic (e.g., settlement procedures for RWAs) injected into the pool itself
(policy injection through the hook mechanism) is frequently valued more highly than
potential minor price improvements available in deeper, less controlled pools.

e Justifiable Cost: For these participants, the potential 'cost' of slightly higher slippage
in a dedicated, policy-enforced pool is often a readily accepted trade-off for the
'value' of trustless, guaranteed policy adherence. They may be required by internal
mandates or external regulations to use pools with specific, verifiable features
enabled by hooks managed via this framework.

Therefore, the liquidity segmentation enabled by the Hook Manager framework should be
viewed less as a drawback and more as a necessary consequence of enabling tailored,
high-assurance trading environments. It allows for the creation of distinct liquidity venues
optimized for specific regulatory, compliance, or operational needs. This capability to
deliver policy-enforceable liquidity, trustless compliance, and programmable market
behavior through a structured, auditable framework is precisely what makes it a powerful
primitive essential for unlocking the next wave of institutional, enterprise, and real-world
DeFi adoption.

4.8. Ecosystem Synergies with DeFi Aggregators/Routers

1. Complementary Off-Chain/On-Chain Architecture

The Hook Manager provides powerful on-chain policy enforcement that complements the
off-chain order creation with on-chain settlement approach used by modern DEX
aggregators. While aggregators optimize routing and price discovery off-chain,
policy-specific hooks can verify compliance and enforce business rules when these orders
are settled on-chain, creating a more powerful combined system.

2. Enhanced Institutional Features

Both the Hook Manager framework and advanced aggregation protocols address
institutional needs from different angles. The Hook Manager framework provides
compliance and risk management policies directly within pools, while aggregators offer
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improved price execution and gas optimization. Together, they create a comprehensive
solution where institutions get both the regulatory guarantees they need through policy
hooks and the execution efficiency from aggregators.

3. Liquidity Fragmentation Solution

As DeFi becomes increasingly complex with multiple versions of protocols, numerous L2s,
and diverse pool types, liquidity fragmentation becomes a greater challenge for all market
participants. Aggregators address this by routing across fragmented sources, while the
Hook Manager standardizes policy hooks across pools, making them more discoverable and
easier to integrate into routing infrastructure while maintaining consistent compliance
standards.

4. MEV Protection Integration

Advanced aggregators often include MEV protection mechanisms to shield users from
value extraction. The Hook Manager could include specialized MEV protection policy hooks
that work in concert with aggregator mechanisms, potentially offering even more robust
protection against front-running and other extractive practices.

5. Technical Implementation Synergies

The Hook Manager could include specific hooks designed to optimize interaction with
aggregator orders. For example, specialized hooks could verify and prioritize execution of
aggregator-sourced orders that meet certain criteria, implement custom logic for handling
batched orders, or provide additional data for improved routing decisions.

6. Standardized Integration Interface

By providing a consistent interface for policy enforcement across pools, the Hook Manager
framework would reduce integration complexity for aggregators, allowing them to more
easily incorporate pools with advanced policy requirements into their routing algorithms.

5. On-Chain Policy Orchestration Governance Model

Governance of Hook Manager and Policy-specific contracts is decentralized, scoped, and
tiered. The Hook Manager developer, policy contract developers, and participants in
attached pools stake UNI tokens to vote on changes to the Hook Manager or any of the
attached policy-specific contracts. This includes voting on the rules for initiating policy
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upgrades and incident response requirements if a vulnerability is detected in any of the
contracts, exploited or not. Tiered voting weights are assigned based on the nature of the
proposal. For example, technical changes to the Hook Manager give higher weight to the
Hook Manager developer and technical stakeholders, while changes affecting user
experience prioritize pool participants' votes. This helps ensure that decisions are
influenced most heavily by those with relevant expertise while still maintaining broad
participation.

Hook Developers and Curators as roles, not necessarily as separate business or
organizational entities, play different roles. Hook developers design, implement, test, and
deploy hook contracts. Curators operate registries of hook contracts that they have vetted
for the markets/use cases they serve. Anyone can be a hook developer. Anyone can be a
curator. A developer can be a curator as well. A curator may span multiple market
verticals/use cases or may specialize in one. The developer is incentivized to produce
high-quality hooks for maximum curation by curators. The curator is incentivized to vet
and only include high quality hooks, so that the trust in their recommendation for a
specific use case is not compromised.

This governance model embraces permissionless innovation while still providing paths to
trusted recommendation. Anyone can develop or curate, but earning trust in either role
requires demonstrated competence. This approach creates multiple parallel "trust markets"
rather than a single centralized authority, allowing different market verticals to establish
specialized standards appropriate to their needs.

The selection of the UNI token as the governance asset for the Hook Manager and its
associated policy-specific contracts is based on several strategic considerations designed
to foster robust and efficient decentralized oversight:

1. Using UNI allows participation from diverse stakeholders, including those with
strategic interests in a pool's policies (such as integrated services or potential
institutional users) who may not be actively providing liquidity or trading within that
specific pool at all times, thus ensuring broader and more inclusive governance.

2. This choice directly enhances the utility of the UNI token by embedding it within
critical new infrastructure, potentially increasing demand and value accretion of the
broader Uniswap ecosystem.

3. Employing UNI facilitates a model of scoped decentralization; while governance

pertains specifically to the Hook Manager and its related contracts, using the
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established ecosystem token maintains a vital connection to the wider Uniswap
community and prevents the fragmentation that could arise from introducing a new,
specialized token.

4. From a practical perspective, leveraging the existing, often battle-tested
infrastructure for UNI-based staking and voting significantly simplifies
implementation, reduces development overhead, and accelerates the deployment of
this governance framework by utilizing established tools and processes.

6. Licensing & Monetization Framework for Hook
Developers/Curators

Building upon the architectural foundation of the Hook Manager and Policy-Specific hook
contracts, the next critical step is ensuring a sustainable ecosystem for their development,
curation, and adoption. The modularity and governance offered by the framework enable
the creation of specialized, high-assurance pool environments, particularly valuable for
institutional participants, DAOs, and enterprise users. However, the development, auditing,
and ongoing maintenance of robust policy hooks require resources. This section outlines a
potential licensing and monetization strategy designed to incentivize skilled Hook
Developers and trusted Curators, fostering innovation and providing viable pathways for
commercial use - thereby supporting the broader adoption of this enhanced liquidity
infrastructure. The models discussed below target different partner types, including
startups, DAOs, mid-tier custodians, and enterprise participants.

6.1. Licensing Model: Business Source License (BSL) with
Commercial Extensions

1. License Type: At the discretion of hook developer, all core components (e.g., Hook
Manager, Policy-Specific Hooks) can be released under the Business Source License
(BSL) 1.1. Following precedent for protocol launches. We propose restricting forking
for commercial use without explicit permission from hook developer for the first 1
year, then automatically transition to a permissive license (e.g. GPL, MIT) after 1
year.

2. Commercial Use Rights:
o Institutions, DAOs, custodians must obtain commercial licenses from hook
developer(s) or curator(s) to deploy or customize policy-specific hooks
(during BSL period) or launch pools attached to released Hook Manager
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o Non-commercial, public experimentation remains unrestricted (e.g., testnets,
educational use)

3. License Governance:

o Reflecting the permissionless nature of curation, curators independently
manage their own registries. They reserve the right to update their list, audit
potential hooks, and flag or remove hooks (e.g., if found insecure) within their
specific registry, without requiring external permission. These curation
actions influence trust and discovery but do not directly enforce changes on
deployed pools, which remain subject to their specific governance.

6.2. Monetization Model: Tiered + Service-Based Pricing
Framework

6.2.1. Institutional Partnership Tiers

The tiers provided below represent a line in the sand for the model, pending market
validation.

Table 2: Illustrative monetization by partner class.

Partner Typical Profile | Annual Fee Description
Class
Startup / <S10M in annual | $10,000 flat | Includes access to a standard policy
DAO trades hook suite and support for 1-2 pools
Mid-Tier S10M-S100M $50,000 Includes priority support, shared
Custodian volume governance input, hook configuration
assistance
Enterprise / | >S100M or Custom / [ Includes dedicated onboarding, private
Bank regulated entity | SI00K+ audits, SLAs, and deployment tooling

6.2.2. Policy-Specific Contract Deployment Fees

Partners who wish to deploy new policy-specific hook contracts (e.g., escrow logic,
jurisdictional compliance, audit triggers) pay a one-time licensing and deployment fee per
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contract. Fees may range from $5,000 to $15,000 per hook depending on complexity and
support level.

To reduce cost and encourage adoption, this deployment fee can be shared among multiple
institutions who agree to use the same set of policies and attached pools. For example, if
three institutions agree on a set of policy rules—such as whitelist-only access, price
bounds, and audit event logging—they can jointly deploy a single policy-specific hook set
across a set of pools for their joint use. Instead of each institution paying the full fee, the
total cost can be split evenly or pro rata based on volume expectations or liquidity
contributions. One model might split a $15,000 policy-specific deployment into $5,000 per
institution. Another model could assign weightings (e.g., Institution A pays 50%, B and C
each pay 25%) based on projected usage or LP share.

This shared cost structure not only reduces individual financial burden, but also promotes
standardization across the ecosystem. The more institutions that agree to shared policy
infrastructure, the more cohesive and liquid these premium pools become. This also
creates stronger network effects, as new institutions are incentivized to join existing,
audited policy-specific environments rather than create redundant ones.

Hook cost sharing also supports franchise-style deployment models, where a partner like
Fireblocks or a DAO tooling platform might front the deployment cost and then amortize it
across client engagements or DAO agreements. Hook Manager metadata or off-chain
agreements can be used to track cost sharing and enforce governance alignment.

6.2.3. Registry Maintenance & Audit Support

Hook developers (or curators) may offer an optional subscription tier
($10,000-$25,000/year) to cover registry curation, governance priority, and audit
integration. This includes priority inclusion of custom hooks, compatibility checks with
future Uniswap Protocol upgrades, and joint funding or publication of audits for
hook-based customizations infrastructure.

6.3. Incentive Alignment: Rebates & Credits

To encourage long-term usage and TVL growth:

1. Fee Rebates for LP Participation: Institutions who contribute liquidity to
policy-enabled pools receive credits toward their next licensing term (e.g., up to
50% of license fees).
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2. Launch Partner Discounts: First-year discounts (25-50%) for early partners who
co-develop policy contracts or contribute use case feedback.

3. Cross-DAO Credit Sharing: DAOs that share policy hook infrastructure can
negotiate joint licensing packages.

This licensing and monetization framework balances sustainable revenue with ecosystem
trust, by avoiding extractive volume-based pricing and instead offering flat, tiered, and
service-based models. It allows institutions, DAOs, and enterprise users to adopt
hook-enabled liquidity pools with predictable cost, transparent governance, and auditable
trust guarantees. Shared deployment costs further increase adoption by reducing financial
friction and promoting cooperative policy infrastructure among like-minded institutions.

Conclusion

The digital asset landscape, powered by innovations like Uniswap Protocol v4, offers
unprecedented tools for efficient and transparent value exchange. Uniswap v4's inherent
programmability, particularly through its hook mechanism, provides a powerful foundation
for moving beyond traditional token swaps towards a future encompassing a wider
spectrum of assets and complex financial interactions, including those involving
institutional participants and Real-World Assets.

However, realizing this potential requires structured approaches to manage the added
complexity and ensure security and compliance where needed. This paper has proposed an
on-chain policy orchestration architecture designed to harness Uniswap v4's flexibility
responsibly. Central to this architecture is the proposed Hook Manager framework, acting
as an orchestration layer that enables the implementation of diverse business logic—from
dynamic pricing and risk controls to bespoke compliance procedures—through modular,
verifiable, and upgradeable policy-specific hook contracts.

By standardizing the interface between pools and policy logic, enforcing execution order,
facilitating secure upgrades via a governed pausing mechanism, and defining a
decentralized governance model potentially leveraging the UNI token, the Hook Manager
framework aims to significantly enhance Uniswap's capabilities. Its by-products include
improved security through modular design, increased adaptability to regulatory or market
demands, greater operational efficiency for developers building specialized pool behaviors,
and crucially, enhanced readiness for institutional adoption by enabling auditable, on-chain
policy enforcement.

Ultimately, this architecture allows developers and stakeholders to tailor pool behavior for

specific use cases without compromising the core neutrality and permissionlessness of the
underlying Uniswap v4 protocol. By providing a robust, standardized, yet flexible extension
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mechanism, the Hook Manager framework seeks to unlock new avenues for innovation,
foster a richer ecosystem of specialized hooks, and solidify Uniswap's position as a
foundational layer for the future of decentralized value exchange.
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