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Abstract

IntraLayer presents an innovative framework that enables
comprehensive interconnectivity in digital finance. The proposed
framework comprises a core underlying infrastructure and an
overarching strategy to create a pioneering “platform of platforms”,
serving as an algorithmic fiduciary. By design, this infrastructure
optimises transactional efficiency for a broad spectrum of agents,
thereby facilitating the sustainable creation of intrinsic economic value.
Complementing the infrastructure, our forthcoming work will present an
overarching adaptive fiscal policy to optimise IntraLayer’s resources,
striking a balance between sustaining the network and enhancing the
proposal herein.

1 Introduction

Blockchain is a shared, immutable ledger that records transactions and tracks
asset ownership across a distributed network. It underpins the burgeoning
field of peer-to-peer financial systems encapsulated within Decentralised
Finance (DeFi) [43], which is based on the permissionless and decentralised
nature of blockchain technology, where decentralised applications (dApps)
reside. In essence, dApps and blockchain infrastructure enable unrestricted
financial accessibility and trustless execution of capital allocation. However,
the composability and financial interconnectivity of blockchain-based
infrastructures are inherently limited by their ecosystems — a design trait
that inadvertently limits a blockchain network’s true potential, especially in an
expansive and interconnected financial market.

The infrastructure proposed in this work will be instrumental in digital
finance, as resolving the constraints in the disjointed blockchain world not only
creates financial value by making capital more efficient but also supports a
revolutionary shift from reliance on centralised systems, which inhibit market
efficiency, towards the development of decentralised markets atop distributed,



global, and permissionless databases. This requires communication channels to
seamlessly facilitate synchronisation and value exchange between ecosystems,
by resolving fundamental discontinuities, which is envisioned to liberate
constrained transactional volumes.

Adopting an interoperability-centric approach is crucial for realising this
vision, as optimising operational efficiency helps enhance the utility of
blockchain technologies. The proposed infrastructure reduces the initial costs
and complexities associated with establishing inter-platform linkages —
spanning diverse blockchain platforms and bridging off-chain/on-chain system
dynamics, and consolidates liquidity, reducing the need for participants to
create bilateral connections between multiple systems. It revitalises
competition by alleviating switching costs, circumventing lock-in effects, and
fostering more cohesive, integrated solutions. Consequently, this enhanced
interoperability not only improves efficiency and reduces costs, but also
enriches the end-user experience, thereby broadening access and inclusivity. In
general, this advancement in interoperability is poised to catalyse international
economic and financial integration, marking a paradigm shift in furthering
interconnectivity between global financial infrastructures.

The remainder of this paper! is organised as follows: Section 2 provides a
summary of the body of works that are relevant to the infrastructure proposed
herein; Section 3 provides a comprehensive list of objectives that govern our
system architecture; Section 4 describes our system architecture; Section 5
explains the utility of the proposed system architecture; Section 6 outlines our
business model, encapsulating various strategies to enable system’s adoption
and fiscal sustainability addressing the network’s strategic initiatives and
economic objectives; Section 7 provides a concluding summary and motivates
future work; after which the appendix provides a handy list of notations, and
our vision for how the infrastructure presented herein can serve as a gateway
to connect decentralised and centralised finance, promoting efficiency and
synergy across distinct sectors of the digital and traditional financial
community.

2 Literature Review

This work builds upon the literature in digital finance, focusing on
interoperability, gateway design, network business models, inter-blockchain
data connectivity, and the nascent field of digital assets. Among numerous
pertinent studies, this paper concentrates on a subset that can be categorised
as follows:

e On-Chain Financial Systems: The IntraLayer infrastructure seeks to

1Some notations and optimisation statements in this work are introduced solely to establish
a framework for a future, extended version that will include an on-chain solver for core
optimisation problems.
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propel the on-chain nancial system's evolution, a swiftly growing
segment of the digital nance ecosystem. On-chain nance includes a
variety of nancial products such as cryptocurrencies lending markets
[9, 45], decentralised exchanges [44, 32], and even though not necessarily
permissionless, it can also include central bank digital currencies
(CBDCs) [21, 4].

Gateways : Advancing the discourse on gateways, the IntraLayer
infrastructure enhances interactions among complex systems. Gateways
are instrumental in tackling system fragmentation [16, 15], where even
imperfect gateways aid incompatibility issues [20]. They facilitate
product compatibility and interoperability, expanding user options [30],
and enabling new market entrants [25]. Recent scholarly interest in
cross-chain interoperability focuses on essential attributes of Distributed
Ledger Technology (DLT) gateways [23], and cross-chain communication
protocols [33, 10, 47]. The IntraLayer system parallels traditional
Enterprise Service Bus (ESB) [31] features, functioning as a digital
nance ESB, providing integration services and ensuring interoperability
among heterogeneous systems. For data routing, it mirrors message
brokers [29], embodying a decentralised message broker architecture.

Decentralised Network Business Models . The IntraLayer
infrastructure presents an opportunity to execute a new business model
within the decentralised network sphere, which di ers from the business
models adopted existing networks specialising in various domains such
as: smart contracts [19, 38, 12], privacy [34, 48, 35], payments
[11, 28, 40], identity [36, 39], interoperability [42, 37, 14], and storage
[22, 7, 41]. We introduce a decentralised network uniquely designed for
nancial interconnectivity and transactional automation, bridging
on-chain and o -chain systems, supported by a business model that
fosters network sustainability and evolution.

Interoperability : As an increasingly pivotal theme in digital nance,
interoperability studies include market analyses [6], CBDC exchange
models [24, 8], etc. The IntraLayer infrastructure is akin to traditional
clearinghouses [26], reducing costs and complexities in clearing and
settlement, thereby promoting interoperability.

Objectives

We model the digital nance ecosystem as a directed graptG = (V; E), where
the vertices V N represent a nite set of individual agents within the
ecosystem, including dApps, end-users, and other economic agents, whether on
or o a blockchain network. The edges E V (V 1) encapsulate the
transactional paths among these agents, such that eack; 2 V corresponds to
a specic agent. Therefore, the set of edges is dened as



E = f(vi;vj) j vi;v; 2 V;i 6 jg, where each directed edge\;v;) 2 E
represents a transactional path from agentv; to agent v;. Note, that each edge
(vi;vj) may also be associated with a weightvl 2 R representing the value of
transactions conducted using a path, thus forming a weighted graph
G = (V;E;W), with W = fwl j (vi;vj) 2 E andw! 2 Rg as the set of
interaction weights.

De nition 1 (Transactional Path) A transactional path is a connection
between two agents, say a and b, on either single-platform or cross-platform
(i.e., P and P; 8i = j, or P; and P; 8i 6 j, respectively), which enables
nancial transactions and is characterised by a specic epoch's (a xed time
interval - €) economic output (03P 2 R) and cost (C2® 2 R ;) - which is
inuenced by factors such as data connectivity, value conversion, value
connectivity, clearing and setup complexity, distinguished by subscript, as
follows:
CaP = f1(CEP)8k;

where,

k 2 f DC=DataConnectivity ; VT=ValueConnectivity ; VC=ValueConversion;
CS=Clearing; SC=SetupComplexityg, f; : R®! R ¢ is a function mapping a
vector of epoch-speci ¢ cost for agentsa and b (Cf;b 2 R ) to the overall cost
of setting up transactional paths.

Note, that although IntraLayer can also be used for transactional paths on a
single-platform, it is primarily designed to enable the formation of
cross-platform transactional paths.

In essence, IntraLayer's approach to achieving its multi-faceted objective of
forming cross-platform transactional paths can be envisioned as an
optimisation problem, as follows:

2
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where E 2 N is a system parameter that describes the length of the period
during which the IntraLayer network aims to achieve its objectives; P
represents a set of design sets, each of which amgesently of unspecied
dimensions;| 2 RmOE N4 s the tensor of system's incentives (expenditures) for
m services across epochs and asset pool 2 R°% is a matrix which
represents the budget allocated to compensate the service providers for
operating the technical infrastructure; F 2 R™E is the matrix of fees
(revenue) levied on customers acrossn services and epochsN, 2 N is the

u)%;



number of agents involved in the system;O! : (R%;R?NA;R%) | R is a
function of economic output derived by agentsi and j from the transactional
path connecting them in u-th epoch and dy being a placeholder for any
notation of unknown dimension; R, 2 R ¢ signi es the total resources of the
system, which from an accounting perspective represents the equity (assets
minus liabilities) available in the system's balance sheet foru-th epoch;

u 2 R o is a system parameter signifying the amount of system-resources
that are required in each epoch;Cljl : (R%;RMNa;RM:RZNA:R3 ) 1 R
represents the cost function for agents' { and j) interaction at the u-th epoch;
K 2 R?Na E s the matrix of the portfolio of (Na many) assets controlled by
the system across di erent epochs, allocated for di erent economic purposes;

2 RY% is a vector of sets representing the agent acquisition costs allocated

for acquiring di erent agents into the system across various epochs; , is some
weight; 2 R% is a set of vectors representing state variables ati-th epoch;
go : R% | RY% js the transition function evolving the decision variables from
epochu to epochu+ u such that u represents the discrete time interval.
Note that when a matrix intended to represent values for multiple epochs is
presented with an epoch-specic subscript, it refers to the elements of that
matrix corresponding to the referenced epoch.

3.1 Cost

Having outlined IntraLayer's core summary objective in the preceding section,
we now proceed to describing associated sub-objectives in the rest of this section.

Objective 1 (Data Integration) IntraLayer seeks to be the robust
infrastructure for seamless data exchange between agents, paving the way for
robust and widespanning nancial interconnectivity.

This is in response to fragmentation in current digital nance landscape, which

is characterised by isolated databases and a lack of reliable infrastructure for
data exchange between disparate systems, impeding development of e ective
transactional paths, which are crucial for enhancing nancial interconnectivity
and promoting economic stability and growth in digital nance. This is further
exasperated by the lack of trustless access to the state information of other
agents, whether these are based on other blockchain platforms or o -chain
systems, limiting the potential of blockchain technology to serve as the
foundation of a global nancial system.

operating on platform P;, which may be smart contracts (characterised by state
data), o -chain systems, or users, the cost of data connectivity between agents
ax and @ is denoted asCHE™ 2 R o. This cost, which facilitates
transactional relationships, depends on the risk of data quality compromise and
any system-imposed fees, and as such, the cost increases if data is stored in

disjoint systems. However, solving this requires satisfactorily addressing the



following two key factors:

"~ Accuracy : If Dj”lﬁt 2 RY% represents agentay 's data available to agent

ay , and D]-?kikI is the data necessary forayc to e ciently transact with &y,
communication costs rises iij‘ﬁt is a proper subset of (not all necessary
data is available)Dj?kikt , or if DJ-”Qt * Dj?kikt (communicated data contains
inaccuracies). The discrepancy between the received dateDﬁjt) and the
relevant data (Dj?kii) is denoted by § 2 R.

On-time Communication : The communication lag, denoted by
dijk 2 R+, represents the average delay between the time data is needed
by agent ay (tﬁq-k ) and when it is received {ijx ) during an epoch.
Mathematically:

tik ) > 0; (2)

e

1 h
dikjk , = o (tik:jx
h=1

where n denotes the count of communication events between agents. This
delay incurs additional costs, including the economic cost of value loss due
to the data communication lag.

INtraLayer's strength stems from the IntraLayer uses the following three tools
to address the need for both accuracy and timely communication:

" Parametric Design : IntraLayer's design choices relating to the technical
infrastructure, which enables data communication, are encapsulated in a
vector of design parameterdP pc 2 R where 2 N).

Economic Security Guarantees : IntraLayer seeks to attract
guarantors, who are special agents using their capital as collateral to
guarantee the quality of data communication between agents, and deter
malicious activities. To attract multi-asset collateral from agents to
secure the system, economic incentives are disbursed denoted by matrix
lgoc 2 RNg E_ This matrix represents the allocation of incentives to
attract di erent assets across various epochs.

Budget Allocation : The budget allocated by IntraLayer to compensate
service providers operating the value connectivity infrastructure, is
captured in the budget allocation vector -B oc 2 RE,. This allocation
of budget creates economic incentives for service providers to aspire to
provide a high quality of service.

Combined together, and along with an epoch-speci ¢ data facilitation fee charged
from users (Fpc 2 RE), we can express combined costs as follows:
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where ¢ : (R%;RV4E;R o) ! R is a function that maps the input values to
the total data discrepancy observed in an epochde : (R*;RV4 5;R o) ! R.
is the communication lag function that maps the input values to the total
communication lag observed in epoche; Fpc,. is the fee charged by the
infrastructure for data connectivity; the function f, : (R o;R+;R ¢) ! R
outputs the cost of data connectivity; andlspc 2 RNg represents a vector
(sub-matrix) showing the allocation of incentives (expenditures for the
network) to attract di erent assets within a particular epoch.

In essence, IntraLayer's objectives associated with a multi-period minimisation
of the cost of data communication can be expressed as follows:

xE
MinimisepDC I . E CDCU(P DC ;ISEC ;B bc ;FDCL.)
RETE]
Subject to:
Xa
IgDC = BsDC
n=1 (4)

Du+ u= 0 (Dou; oui:i:) 8D 2flgoc g;

where N is the number of assets in the systemBsec 2 R ¢ is the epoch-

speci ¢ budget of incentives to attract capital that is applied to secure the data
connectivity enabled by the infrastructure; andl .. is the incentive amount

distributed to attract n-th asset. '

Objective 2 (Value Integration) IntraLayer seeks to overcome the
challenge of fragmented pods of value, leading to agents incurring a higher cost
of value transfer, which not only includes the operational cost of value
interconnectivity, but also heightened security costs stemming from the risk of
value being lost during transfer.

This cost can be calculated as:

CIH o = NFS ™ + EICE, )
whereNFJ% ®* 2 R ¢ represents the fee paid by agents to transfer value from
agent ay to agent ay ; and E[Ck 1 is expected cost of realising the
security risk from transferring value, both expressed in nominal terms and



speci ¢ to a particular epoch. This expected security cost is a function of the
infrastructure design, encapsulated in the vector of system parameters
Pvt 2 R where 2 N*, the incentives distributed to attract assets from

guarantors to secure value connectivity (svr ), and the vector of the budget
allocated for di erent epochs to compensate the service providers who facilitate
value connectivity (B vr 2 RE).

If we have assetsA; = fAj1;Ai2;:::;Ayg on blockchain Bj, and

the transactional friction of transmitting value across di erent blockchains due
to value fragmentation is represented by the cost eciency of value
connectivity (CE\a,‘kT'eajk 2 R, ) between agents & and aj ), and calculated as
follows:

aik ;ajk
dik ;ajk VT aik ;ajk .
CEv'TeJ - C 2k ?ajk 8C:v"rej 60; (5)
VTe
where Vg% ®* 2 R ¢ is the nominal value transferred from agentay to agent
ay . A focus on enhancing this measure of cost e ciency enables the network

to mitigate value fragmentation and enhances the utility of assets.

The objective of optimising transaction paths and nancial interconnectivity is
to maximise the cost e ciency of value transfers for all agents involved in the
system:

" b . #
. w=t W1, CEv1,(PvT,;FvT,;lsyr ;B vr)
Maximisep ,; :i.v E P
u A
u=1 VTu
Subject to:
Xa
z Bevr
SVvT Su ]
=1 (6)

Du+ = Dou; ou;ii:) 8D 2fPyr;lgvrg;

wherelgvr 2 RNg E represents the matrix of economic incentives (expenditures
for the system) applied to attract various assets to secure the value connectivity
supported by IntraLayer in dierent epochs; Fyr 2 RE, is the fee for value
transfer; 15, is the incentive distributed (in nominal terms) to attract asset

Z in epoch d; W, 2 Rs is the total nominal value transferred in u-th epoch;

B vr 2 RE, represents the budget allocated to cover expenses associated with
compensating service providers who operate the value connectivity infrastructure;
Bsyr 2 R o is the budget of incentives for epochu to attract capital applied

to secure the value connectivity enabled by the infrastructureE symbolises the
aggregate number of epochs during which the system endeavours to optimise



the cost e ciency of value connectivity; and the cost e ciency function that
provides the aggregate cost e ciency of value connectivity amongst supported
paths -CEyt, : (R ;RE;RENA;RE) 1 R, where 2 N* is:

P Na P Na Vg;l CE\%’IT

CEvr, (PyriFyrilsviiB vr)= —SF g Spgl o=t (7)
g=161 I=1 VYVT,
Objective 3 (Liquidity Integration) IntraLayer seeks to integrate

fragemented liquidity, which arises due to disparate distribution of capital
across liquidity pools, and the resulting ine ciencies stemming from
transferring liquidity between them in a cross-chain environment.

The opportunity presented by realising this objective can be understood in the
context of factors which further exacerbate challenges posed by liquidity
fragmentation, like - high capital costs and complexities involved in
bootstrapping liquidity for new assets, and the ine cient designs of digital
asset marketplaces, making them prone to high slippage and impermanent loss
[18].

nance ecosystem, wherez® represents the number of ecosystems and the
number of assets within z%th ecosystem. We can depict cost-aware
system-wide liquidity as a directed acyclic graphl (V% E9, where the vertices
V ° represents the assets, and the directed edgesE®, represent the conversion
paths between assets. Each eddg;; 2 E° from vertex Aj to vertex A; is
weighted by the cost e ciency (CEC(! ;A“ 2 R, ) of converting assetA; to Aj,
which is calculated as follows:

Ail A
Aj Ay _ YvC Ai A
CBwc.” = oA 8w, 80

VC e
Al A :
where Vye " 2 R ¢ represents the nominal amount of converted volume at a

; Ail A

(nominal) cost of Cy¢ " 2 R..

As such, IntraLayer seeks to integrate fragmented liquidity in a way that
maximises cost e ciency by optimising both the distribution and utilisation of

liquidity. This involves using incentives to attract multi-asset capital for

liquidity pools and using capital directly controlled by the IntraLayer network,
thereby enabling e cient value conversion and reducing slippage. More
formally, we can state this as follows:
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where E represents the period during which the system aims to maximise cost
eciency ?; 1 2 RNS E is the incentive matrix representing the allocation of
incentives to attract liquidity across di erent liquidity pools and epochs; | is a
submatrix of I ; V¢, 2 Ry is total nominal amount of value converted in
epoch u; the Pyc 2 R where 2 N* represents the vector of design
parameters characterising the proposed liquidity aggregation mechanism and
asset marketplace as part of the IntraLayer infrastructure, P y ¢ is a subset of
P; Fvc 2 RE, is a vector of fees charged by IntraLayer for asset conversion

across di erent epochs, Fy ¢ is a submatrix of F; Kyc 2 RN4 F is a matrix of
capital (controlled by IntraLayer - Sec. 6.2.1) used for value conversion across
various liquidity pools and epochs, anKy ¢ 2 RNg E is a submatrix of K; Na
is the number of assetsB., 2 R ¢ is the epoch-speci ¢ incentive budget for
attracting multi-asset liquidity; Kyc,, is the total nominal value of asseto
controlled by IntraLayer; Byc,,6B 2 R represents the allocated budget to adjust
the capital controlled by IntraLayer.

The function CE ¢, is de ned as follows:

PNA PNA

=1 =1
CEvc.(IL;Pvc;Kyc;Fyc)= —2 SQNA p Np A Ay
Mve.®)

AyiAg AyiAg
,Qche CEVCe )

y=16g g¢=1
where CEyc, 2 R* is value conversion e ciency.

Objective 4 (Setup Simplicity) IntraLayer seeks to simplify the process of
setting up transactional paths on the platform, as the complexity of setting up
transactional paths in a digital nance ecosystem could adversely impact costs.

If Cg‘é @k 2 R, represents the cost of establishing transactional paths between

2The system desires to have a sustainable source of liquidity to achieve its objectives, which
requires longer-term availability of multi-asset capital.

10



agentsay and aj , we can state the cost foray -th agent to establish bilateral
transactional paths with N; 1 other agents involved in the ecosystem, by:

N 1

ajk ;a _ aji ;i
CSC=SetupComplexity - CSC
i=1

Now, if a single gateway entity (G) exists, such that it connects allN, agents
in a hub-and-spoke manner, facilitating the establishment of paths:

9G suchthat 8a 2 a; ay can interact with agj through G:

Such a central gateway entity would decrease the need for multiple smart
contracts across di erent chains and the necessity for bilateral transactional
paths between disparate agents, mitigating operational complexities and
ine ciencies, as agent aj would just need to connect to (or be based on) the
gateway entity in order to access all other agents. Therefore, if IntraLayer
could act as a single, e cient and e ective central gateway, it would minimise
the setup costs for all agents in the ecosystem, and as such, this objective can
be stated as a minimisation problem focused on setup complexity for all agents.

" #

Xa
Minimisep . E Cee,(Psc) 9)
o=1

wherePsc 2R 8 2 N* andPgsc  P.

Therefore, IntraLayer seeks to act as a central gateway, enabling seamless
integration and interaction across the entire digital nance ecosystem, thereby
maximally reducing operational complexity for new agents (e.g. dApps).

Objective 5 (Uni ed Clearing) IntraLayer seeks to serve as a unied
clearing layer, as it consolidates transactions across blockchains and digital
nance platforms, reducing costs and complexity for multi-layered settlements.

of a state vector of agentsS; 2 R% interacting with the same transactional
logic, and associated execution logicEL 2 R%). Here, if each agent interacts
with every other agent in the network, they would have to receive and process
n (n 1) interactions. We quantify the cost of processing such a transaction
cluster as:

TC — TC TC TC .
CCIearing e n (n 1) (CDCe + CVCe)+ n CProcessing e’

ClE. and CJ%_ represent the average costs of data communication and value
transfer, respectively, between any two agents within a cluster under a given
execution logic; and cgsocessmg . is the average cost for an agent to process
settlement.

11



By leveraging a single clearing layer as a gateway for all transactions, the
system scales from a non-linear interaction model requiringn (n 1)
interactions to a linear model with only 2n 1, interactions, thereby achieving
substantial cost savings. This results in cost savings, which are calculated as
follows:

CostSavingg® = n (n 1) (CHE + CJ%,

TC TC TC
+tn CProcessing e 2n (CDCe + CVce
TC . . . .
CProcessing (PPLylsgL B PL aFPLe),

where C{,?o;essmg : (R;RN2;R ;R ()toR ¢ is a function mapping the
design parameters of the processing layerP(py 2 R and Pp. P); the
incentives distributed to attract capital securing the processing layer
(Ispe 2 RNg and I'spe I); the fees paid for processing the execution logic
(FpL. 2 R p); the budget allocated to compensate the operators of the clearing
layer (B r. 2 R) for the cost of processing the execution logic; and the capital
which is attracted to secure the processing layer is a function of the incentives
distributed with a total budget ofBsp. 2 R ¢ in epoche.

With an objective of maximising such cost savings, IntraLayer sees to establish
and use a unied clearing layer to optimise costs associated with each
transactional path in a cluster.

" #

X X
Maximisep ., i, E CostSavingg© 8TC,
N U=l TC,
Subject to:
Xa
IépL BSPL ;
=1 (10)

Du+ u= 9 (Dous oui:i:) 8D 2flge g
where T C,, is the number of transaction clusters operational inu-th epoch.

3.2 Economic Yield

The preceding section focused on optimising network's e ciency, akin to
reducing the cost of transactional paths between agents. In this section, the
focus shifts to enhancing the network's economic yield by: (i) building
integrations and attracting agents who will desirably utilise the IntraLayer

infrastructure, introducing novel transactional paths and elevating the

probability of agents realising their aspired economic objectives; and (ii)
increasing the capital e ciency of the transaction pathways supported by the

infrastructure.

12



Objective 6 (Optimal Agent Population) IntraLayer seeks to enhance
the utility of it's network by adding new agents, as it's e ectiveness hinges
upon its ability to e ciently facilitate transactions, which can be improved by
incrementally onboarding new agents to the system, such that it maximises the
likelihood of the network creating e cient transactional paths. As such, there
is a positive correlation between the number of agentd\;) in the network and
the network's valué. Therefore, the network's utility tends to increase (on
average) with the addition of each new agent.

Speci cally, if V(N 1) represents the value of network in the presence of
Na 1agents, s.t. V:N! R, then the incremental value of adding theN,-th
agentis V(Na) = V(Na) V (Na 1). Similarly, if Iaa (Na) 2 R+ is the
marginal cost of acquiring the Nj,-th agent, then naturally

Iaa (Ng) = Iaa (Na)  1aa(Na 1). At a network level, we can state the
value and acquisition costs as follows:

V(Na) = V(0) + V(k); 11)
k=1

laa (Na) = Taa (0) + I aa (k) 12)
k=1
Since the cost of on-boarding a new agent is not just limited to the incentives
provided to the agent to join the IntraLayer network, but also includes
expenses associated with integrating the infrastructure with the agent, we use
to represent a set of vectors capturing acquisition costs across agents and
epochs, such that Iaa (Na) 2 .

In essence, the IntraLayer seeks to solve the following optimisation problem:

" #
XE
Maximise , E \A
u=1
Subject to:
X u
lan (W) Baa,;
w=1
Xu Xu (13)
V(h) Iaa (h);
h=1 h=1

Du+ vu= 9 (Dou; ou;:ii) 8D 2

3Metcalfe's law [46] suggests that the network's value and the potential connections increase
guadratically with the number of nodes, while Zipf's law [3] implies that the network's value
is proportional to Na logNa.
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where Ve 2 R is the value of the total network;Baa, 2 R ¢ represents the
budget allocated for agent acquisition inu-th epoch; andH, 2 N denotes the
number of agents acquired inu-th epoch.

Objective 7 (Path E ciency) IntraLayer seeks to remove siloed value and
enhance capital e ciency of all agents involved in the system, as an agent's
capital which has been committed to facilitate transactions on a particular path
cannot be wused to support transactions on other paths, leading to
fragmentation.

We quantify this e ciency using a capital e ciency ( KES® 2 R o) measure -
representing the capital e ciency of transactional path for agent - acq, which

is calculated as follows: =
Na lEcq;i
KE gq = Izj‘icqe; (14)
e

where ES%' is the economic output generated by agerdg, by transacting and
deploying capital in the transactional path formed with agenta;; and K% is
the capital deployed in the transactional paths by the agers.

At a network level, IntraLayer seeks to maximise the capital e ciency of
transactional paths across all epochs and agents, constrained by its incentive
budget and targeted network-owned capital composition.

" #
. 1€ Re o . . .
Maximisep , . 10K ke E — KE ,(IC,;P«ke ;Kke , Fke )
u=l i=1
Subject to:
Xa
I, Bl
0=1
XA Xa (15)
Kkeo, =  Kkeo, , T BKE«,:
0=1 0=1

Duy+1 = 00 (Dow; ow;:i:) 8D 2f|0;KKE g

where KE' 2 R, is the capital e ciency function which outputs an agent's
capital e ciency across all it's transactional paths; P e 2 RNA E encapsulates
the system design parameters that enable higher capital e ciency for the
transactional paths; 19 2 RV4F is the matrix of incentives distributed to
attract liquidity used to promote capital e ciency for agents; Kgg 2 RNg Eis
the matrix of capital composition controlled by the network for di erent epochs
deployed to facilitate increased capital e ciency for the network's agents;
Kke is a submatrix of K; Fxe 2 RE, is the vector of fees charged by the

14



mfrastructure for enhancing an agent's capital e ciency across dierent
epochs,l,_ 2 R o is the incentives distributed to attract asseto; B 2 R o
is the epoch speci ¢ incentive budget for attracting multi-asset I|qU|d|ty to
enhance capital e ciency for the agents; Kxe ,, 2 R o is the nominal value of
asseto controlled by the IntraLayer used to enhance the capital e ciency for
the system's agentsBke ., 2 R represents the allocated budget to adjust the
capital controlled by IntraLayer applied to enhance capital e ciency in the
ecosystem.

3.3 Fiscal Sustainability

Objective 8 (Fiscal Sustainability) Sustainability of IntraLayer's success
requires scal prudence to not just be the focal point of algorithmic decisions,
but be asserted in spite of changing dynamics. This means that its expenditure
(capital out ows) from the budget allocated for the creation and maintenance
of transactional paths, should not outweigh associated revenues (capital
in ows) in the long run.

IntraLayer's Costs

IntraLayer's cost of operations (B 2 R'%F), i.e. its capital outow, is
essentially the budget it has allocated to various aspects of the network,

B, = BSEC +BSL/T +BSEL +B be +B vT +B PL +BLU+BEU+BAAu+BVCKU+BKE Ky
(16)
where the budget pertaining to technical infrastructure consists of
B bC 2R B VT 2 R o, B pL 2 R o comprises B ; economic security
includes Bsee 2 R o, Bgyr 2 R 0, Bspe 2 R o) liquidity provider
compensation comprisesB., 2 R o and B0 2 R o; the cost of
network-owned liquidity includesByc,, 2 R o and Bke «, 2 R o, and the
agent acquisition cost isBaa, 2 R .

IntraLayer's Revenues
IntraLayer's revenues are largely derived from the diversity of its transactional

paths, and the fees charged for its services. As such, its revenuediE 2 R o)
can be quanti ed as follows:

NFU:NFDCU+NFVTU+NFVCU+NFPLU+NFKEU (17)
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Cost-adjusted Revenue Maximisation

By integrating the previously outlined costs and revenues, IntraLayer aims to
achieve nancial sustainability through the following decision variables:

" The fee model,F 2 R™£, which is a matrix representing the fees levied
on customers across di erent services and epochs.

" The budget allocation matrix, B 2 R'%E, which is the matrix that
in uences the network's transactional paths and the economic output
derived from these paths.

Any fee structure should strike a balance between incentivising the use of
transactional paths (including associated services) and ensuring long-term

sustainability, as excessive incentives could jeopardise the network's long-term
objectives. Concurrently, when setting the budget allocation matrix, emphasis
should be placed on maintaining the reliability of existing transactional paths

and encouraging the development of new ones.

We seek to address the aforementioned problem using the following
optimisation statement:

" #
xE
Maximiseg ,.r, E (SRu(By;Fu) (u Ru)
u=1
Subject to:
Ry us

(18)
Du+ v =00 (Dou; ou;iil) 8D 2fB;Fg;
where SR, : (R E;RME) I R, is the system's revenuefE represents a system
parameter de ning the duration (in epochs) within which the system seeks to
maintain scal sustainability; F is the vector of epoch-speci c fees charged for
di erent services; and 2 [0; 1] is the weighting factor between the objectives of
system revenue maximisation and targeted resource management.

Simply put, IntraLayer's business model must incentivise the establishment of
new transactional paths and the enhancement of existing paths' quality, through
cost reduction and enhanced capital e ciency.

4 System Architecture

IntraLayer is a multi-purpose, PoS consensus-based decentralised network. It
is designed as a key aggregator and router for data, value, and liquidity in the
evolving nancial landscape, creating transactional paths using a star topology
framework, where validator nodes provide vertically integrated services,
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underpinned by IntraLayer's robust design principles.

IntraLayer aims to serve as a decentralised gateway, simplifying access to DeFi
dApps, users, and other digital nance systems. Its hub-and-spoke design
reduces the number of smart contracts needed for cross-platform applications,
streamlines asset routing and settlement, and ensures backward compatibility
with existing smart contracts. This paradigm allows agents using the
IntraLayer network to reach agents on other blockchains and systems,
enhancing digital nance interconnectivity. Fig. 1 illustrates IntraLayer's
architectural components, envisioned to pave the way for the next generation
of DeFi systems.

Figure 1: IntraLayer building blocks.

To further elucidate the proposed network's functionality, we describe its
infrastructural components, which collectively enable cost-optimised
transactional paths between agents.

1. Oracle Service (0OS) : IntraLayer's oracle service, DORA [13],
establishes secure, reliable, and low-latency connections between
blockchains and external systems. Its design, represented by

Pos2 R andPos Ppc, minimises data connectivity costs between
o -chain and on-chain systems, achieving Objective 1.

2. Cross-chain Communication Protocol (XCP) : The XCP enables
e cient message transmission between connected blockchains, and
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includes the HyperNova and HyperLoop protocols, which securely
generate, deliver, and verify cross-chain messages, facilitating data and
value connectivity. ~XCP's design, encapsulated byPxcp 2 R,
P xcp Ppc, and P xcp P v, reduces data connectivity costs
(Coc.) and maximises value connectivity e ciency (CEy%™ 2 R),
supporting Objectives 1 and 2.

. Smart Contract Platform (SCP) . The SCP serves as an execution
layer, using Moonshot's novel consensus algorithm [17], providing
enhanced throughput, reduced block time, and deterministic nality. It
enables automated interaction between blockchains and external systems
through programmable smart contracts called Universal Financial
Controllers (UFCs).

De nition 2 (Universal Financial Controller) A Universal
Financial Controller (UFC) is a bespoke smart contract deployed on the
SCP, containing:

" Clearing Logic : Denes transaction clearing principles and
procedures, by formulating and enforcing a comprehensive set of
rules governing value, liquidity, and data routing within the
ecosystem.

State Data Aggregation : Compiles and analyses state data at set
intervals, de ned by the UFC developer.

Automated Settlement : Triggers transaction settlements across
blockchain networks and o -chain systems.

UFCs enable IntraLayer's SCP to function as a uni ed clearing layer for
digital nance, facilitating data aggregation and processing from
multiple blgckchains, ensuring cost-optimised execution of transaction
logic (Chfhcessing 2 R 0), as speci ed in Objective 6.

Given IntraLayer's capability to interface with other chains and systems
through its oracle service, the XCP, and the IntraLayer vaults, to
aggregate and route data and value in a hub-and-spoke fashion across
di erent agents, the network can function as a pivotal gateway entity,
reducing complexity and setup cost CSL® 2 R.) of enabling
interactions among agents across various networks and systems
(Objective 4). Working in tandem with UFCs, which enable
multi-system and multi-chain transactions, these functionalities
collectively ensure streamlined operation and interoperability within the

IntraLayer network's ecosystem.

. Dynamic Function Market Maker (DFMM) : The DFMM is an
automated market-making protocol integrated with the liquidity
network, acting as an e cient and sustainable price discovery mechanism
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for single and cross-chain value conversion and transfers by connecting
liquidity pools (IntraLayer vaults) across blockchains. By aggregating
liquidity and rebalancing open inventory, it facilitates the convergence of
an asset's price with its fair market value and reduces execution costs by
addressing liquidity fragmentation and minimising slippage. This allows
for e cient asset exchange between dierent agents, reducing liquidity
fragmentation and routing complexity through the use of a common
counterpart asset, an algorithmic accounting asset, serving as a central
node. Overall, the design of the DFMM promotes e cient value
exchange.

. Liquidity Network : IntraLayer's liquidity network consists of
interconnected IntraLayer vaults on connected blockchains, forming a
network graph T(V%EY, where vertices represent vaults and edges
represent the cost of inter-vault asset conversion.

De nition 3 (IntraLayer Vault) An IntraLayer Vault is a smart
contract system serving as - (i) liquidity pools to support asset exchange
and other nancial operations; (ii) digital asset storage, allowing users
from various DeFi ecosystems to deposit their assets and access the
services facilitated by IntraLayer, functioning as an access point; and
(i) decentralised agent, enabling interaction with and invocation of
functions in external smart contracts on the connected blockchain.

It automates cross-chain transactions by utilising stored gas fee coins to
manage gas fee payments e ciently. Its architecture is comprised of
three layers, which are as follows:

~ Proxy contract : Acts as the universal entry point for all executions,
ensuring a consistent interface for interactions within the vault.

~ Directory contract : Maintains a registry of conductors (as
described below) and de nes parameters for securely validating
cross-chain messages.

" Conductor : Encapsulates the logic for interaction with external
smart contracts.

Vaults are integrated with XCP, and through XCP, also with the SCP -
which acts as the execution and clearing layer. Through its contract
architecture, they are integrated with external smart contracts
(Connected Contracts). This integration enables seamless multi-asset
value transfers, as IntraLayer can receive data through XCP from
external platforms, process data aggregation and execution logic using
UFCs, and conduct settlement with the connected contracts through
IntraLayer Vaults deployed on the respective blockchains.

The liquidity network's design, resembling a star graph
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T(V%E9 (N;N N 1), positions the DFMM [1] (including its
intermediating accounting asset), as the central node. This streamlines
the hub-and-spoke conversion and exchange of value between nodes,
enhancing the ow of liquidity and interoperability of assets across
di erent blockchain networks. The liquidity network acts as a conduit,
optimising the cost e ciency of value connectivity between dierent
agents (CEg%* ), while the DFMM serves as a value conversion engine.
The design choices of the DFMM, encapsulated by the parameters
(Ppemvm 2 R, and P ppum P), optimise the cost of asset swaps
(CEC&E;A“ ), thereby enabling the infrastructure to meet Objectives 2
and 3.

6. Cross-chain Inventory Management System (CIMS) . IntraLayer's
CIMS enhances capital e ciency by optimising available collateral
utilisation and enabling leveraged transactions across chains, supporting
Objective 7.

5 Platform of Digital Finance Platforms: An
Algorithmic Fiduciary

Combining system architecture with business strategy, we envision IntraLayer
as a \platform of digital nance platforms", serving as an algorithmic duciary
using decentralised and automated smart contract protocols to faithfully
execute agents' (for e.g. dApps, developers, users, etc.) transactional
instructions. This can be conceptualised as a meta-system designed to
facilitate, execute, and manage interactions across several networks and
systems from a single platform.

IntraLayer is an algorithmic and decentralised system that establishes,
maintains, and leverages interconnections within a network of agents,
including smart contracts across multiple blockchains and programs in various
nancial systems. Users codify commands using UFC contracts to initiate
conditional  transactions with these agents using their assets

transactions on behalf of users as an algorithmic duciary.

This intermediation enables agents to deploy and optimally utilise any asset
entrusted to the IntraLayer network. It can be envisioned as a multi-chain
bank operating under algorithmic reliance. IntraLayer oers users the
opportunity to deposit funds in IntraLayer vaults, akin to bank accounts, and
optimally use transactional paths facilitated by IntraLayer to deploy their
capital and transact across multiple networks.

For ease of reference, we can liken the role of IntraLayer to that of a bank, by
describing its various components:
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Head O ce (Smart Contract Platform): Similar to a bank's head o ce,
the IntraLayer smart contract platform establishes overarching governance
and security protocols and maintains a master ledger for recording and
reconciling transactions across all branches (IntraLayer vaults on other
blockchains). It ensures global rules and strategies are enforced, providing
centralised oversight akin to a traditional bank's head o ce.

Bank Branches (Vaults): IntraLayer's vaults on di erent blockchains
function like bank branches, each operating under its unique set of local
regulations and customs (similar to dierent countries' laws). These
branches execute instructions from the head oce (IntraLayer smart
contract platform), ensuring cohesive operation while respecting local
blockchain nuances.

Relationship Management (Smart Contract Interoperability): Much
like bank branches forge relationships with local agents, a functionality
could be added for IntraLayer Vaults to interface with selected smart
contracts on their respective blockchains. These connections allow the
network to act on behalf of users, and perform operations and interact
with diverse applications, leveraging IntraLayer vaults (bank branches) as
operational nodes.

Service Agreements (Universal Financial Controllers): Analogous to
customers entering agreements with banks for speci c services, UFCs are
smart contracts deployed on the IntraLayer network resembling service
agreements that users can engage with. They govern multi-chain
transactional operations facilitated by IntraLayer, akin to banks
conducting transactions with overseas enterprises on behalf of customers.

Directives (Cross-Chain Operations): IntraLayer's network, based on
UFCs, sends commands to IntraLayer vaults to manage assets or engage
with specic applications, similar to a head o ce issuing directives to
branches. This involves using the cross-chain communication protocol
and liquidity network to transfer data and capital based on the \service
agreement"de ned in UFCs.

Interbranch Capital Transfer (Liquidity Network & DFMM): Users
may need to move assets across branches (IntraLayer vaults on di erent
blockchains) and applications (connected smart contracts) to engage
with other applications on various platforms. This would require a
robust price discovery mechanism for e cient asset conversion, similar to
currency exchange in a bank - where branches coordinate to use assets in
its liquidity network to provide best execution. Similarly, IntraLayer uses

its liquidity network and the DFMM protocol to enable inter-branch
transactions and ensure fair conversion rates.

Audit (Monitoring): IntraLayer's role in monitoring connected smart
contracts and aggregating their state data across blockchains parallels a
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head oce's role in monitoring branch performance, as continuous
monitoring would aid in resource allocation and operational optimisation
decisions.

Developmental Tasks (Cross-chain Application Development): Just as
a bank's head oce innovates nancial products, the IntraLayer
infrastructure evolves through the development of new smart contracts
(including UFCs) or products. It provides a platform for multi-chain
innovation, enabling developers to create cross-chain applications
through a single smart contract deployed on the IntraLayer platform.

In the schematic that follows, we exhibit how IntraLayer's network uses logic
codied in UFCs to govern the bidirectional ow of capital and information
across disparate blockchains.

Figure 2: Schematic showcasing operational ow in IntraLayer.

For the reader's reference, we segregate and describe dierent operations
enumerated in the preceding schematic.

1. Asset Deposit & Message Transmission

Operation : User deposits assets in the IntraLayer vault on any
connected blockchain.

Flow : User posts signed messages (stored on any blockchain or
decentralised storage) detailing the specics (e.g. address,
functions) of the UFC they wish to use.
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~ Communication : The IntraLayer cross-chain communication
protocol aggregates these messages and vault state data, forwarding
them to the designated UFC on the IntraLayer blockchain.

2. Interconnected Vault Operations

" Operation : IntraLayer Vaults, as part of the liquidity network,
enable value transition across the liquidity network from the source
chain to the target chain.

Flow : Assets are converted into the target network's native assets
via the DFMM.

~ Communication : The conversion and transition of assets are
governed by the logic de ned in the UFC.

3. State Information & Strategy Determination

~ Operation : The UFC periodically fetches state data from connected
contracts through the cross-chain communication protocol, based on
pre-de ned logic contained within the UFC.

Flow : The UFC can access o -chain data (via Oracle services).

~ Communication : Based on the ingested data and internal logic, the
UFC formulates execution strategies, potentially involving multiple
blockchains, and handles accounting and clearing.

4. Execution & Asset Exchange

Operation : The UFC's logic may initiate the exchange of assets and
orchestrate interactions with connected contracts.

Flow : Utilises the DFMM for price discovery and asset conversion.

Communication : Execution involves IntraLayer Vaults and
leverages the liquidity network.

5. Routing Decisions & Assets

" Operation : The routing messages are generated based on the
execution logic of UFC.

Flow : Routing messages are dispatched to vault contracts using
XCP, such that once the message is veried, capital can be
promptly transferred to connected smart contracts.

~ Communication : Vault contracts interact with connected smart
contracts based on the validated routing message.

IntraLayer's infrastructure supports various operations outlined in the

schematic above, ensuring the integrity and consistency of multi-chain
interactions.  The proposed ecosystem represents a paradigm shift, as
automated logic is seamlessly integrated with agents operating across
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blockchains. This integration not only streamlines capital ow, but also
enhances data interoperability, acting as a decentralised \message broker". It
oers a unied and intuitive interface for users to deploy and interact with
cross-chain applications, irrespective of the underlying blockchain architecture.

Thus far, we have used operations more commonly seen in a bank-like
institution to analogise the plethora of use cases utilising IntraLayer's
infrastructure. We now focus on how IntraLayer's infrastructure can be
instrumental in delivering services similar to the function of a prime brokerage
division within a nancial institution.

5.1 Prime Brokerage

We envision IntraLayer's infrastructure to enable e cient transactional
settlement across blockchain networks, complemented by a clearing service to
manage counterparty risk.

IntraLayer functions as a decentralised duciary entity, orchestrating asset
allocation on behalf of users through transactional paths maintained by its
infrastructure, thus serving as a transactional conduit within a cross-chain
ecosystem.

To elucidate the duciary responsibility of IntraLayer, consider the scenario
illustrated in Figure 3. Initially, users deposit their assets into the IntraLayer
vault on Blockchain 3 to engage a specic Universal Financial Controller
(UFC). In the second step, following the protocol outlined in the UFC, the
system converts the deposited assets into assétig. Through the IntralLayer
vault, which acts as an intermediary executing the smart contract invocation,
the funds are transferred to dAppl, deployed on Blockchain 1, for the user's
bene t.

Subsequently, if a state variable in dApp2 meets certain criteria or upon an
additional request by the user, IntraLayer, via the vault contract, is authorised
to retrieve assets from dAppl. These assets are then converted into an
alternative asset (e.g.,Aog) through the DFMM and reallocated in dApp2. All
these operations are administered by IntraLayer on behalf of the users.

By entrusting their assets to IntraLayer, users can be assured that subsequent

processes with IntraLayer acting as an algorithmic and decentralised duciary,
solely using the logic codi ed in UFCs.
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