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Abstract

For centuries, financial institutions have responded to liquidity challenges by forming closed clearing
clubs with strict rules and membership that allow them to collaborate on using the least liquidity
to discharge the most debt. As closed clubs, much of the general public has been excluded from
participation. But the vast majority of private sector actors consists of micro or small firms that are
vulnerable to late payments, generally ineligible for bank loans, and not privy to any clearing clubs.
This low liquidity environment results in gridlock and leads to insolvency, and it disproportionately
impacts small enterprises and communities.

We propose a payment system designed as an open clearing club. The design allows firms to over-
come payment inefficiencies, to reduce their working capital needs, to clear more debt with less
money and with minimal legal complexity, and to leverage diverse assets and liquidity sources,
including lending and issuance protocols. The design is made uniquely possible by fault-tolerant,
privacy-preserving execution of atomic multi-lateral settlement operations defined by a graph op-
timization algorithm under international obligation law. The design is based on a core insight: a
significant amount of ‘internal’ liquidity resides within cycles in the obligation network’s structure
and can be accessed via set-off notices – mutual reductions in debt.

The paper extends present payment systems by introducing obligations as a fundamental primitive,
by making clearing as a risk-reduction mechanism accessible to the general public, by focusing on the
network structure of the liabilities rather than the aggregate structure of the assets, by prioritizing
liquidity-saving over liquidity-provisioning, and by enabling new forms of distributed issuance. The
trust-based collaborative finance instruments we describe allow for the optimized use of liquid assets
and the compression of balance sheets, reducing leverage and risk, and enabling sustainable growth
in an increasingly interconnected and crisis-prone world.
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1 Introduction

We live in a world of increasing financial inequality among firms, aggravated by growing requirements
for collateral when accessing formal financing sources [16]. The vast majority of corporate actors
consists of micro and small firms with zero or modest collateral, which reduces their eligibility for
bank loans [21, 5, 9]. This aggravates the late payment problem [31, 7, 48, 39, 20], leading to gridlock
[32] and often even insolvency [10]. Firms are forced to seek informal liquidity sources – or in the worst
case loan sharks – to access the working capital they need for their normal operations and growth.
The Great Financial Crisis (GFC), the recent Covid public health crisis, and on-going environmental
degradation are making their situation even harder. The rapid development of alternative monetary
and financial systems such as complementary currencies and cryptocurrencies over the past 15 years
can be seen as a direct response to this situation.

It has always been known that sharing financial information can produce better outcomes. Clearing
systems are a primary example. For centuries, banks and payment providers have improved their
profitability and stability by forming closed clearing clubs with strict rules to make collaboration
possible [12, 8]. Clearing allows them to extinguish large amounts of debt using minimal amounts of
money or liquidity in a coordinated and certain manner. Clearing institutions have therefore come to
serve as a linchpin of risk management in financial systems, even though they, somewhat paradoxically,
typically introduce new central counter parties to whom significant risk is transferred. However, most
of the public is excluded from accessing these clearing systems. The general public and small firms
cannot collaborate on clearing since there are no rules to protect them from the harm of exposing their
financial data to their competitors and partners, and membership in clearing house clubs generally
involves high-overhead financial contracts that put them out of reach.

Recent advances in privacy-preserving technology, distributed systems, and graph algorithms allow
us to overcome these challenges. With privacy technology, debts can be securely and inexpensively
collected from a large number of participants. With distributed systems, debts can be cleared by the
fault-tolerant execution of atomic multi-lateral operations, allowing for the simultaneous discharge
of a large number of debts. And with graph algorithms, debts can be cleared in a risk-reducing
manner without transferring risk to central counter parties. In other words, we can now develop
payment systems that optimize to clear the most debt by performing a large number of set-offs and
settlements in a single operation, benefiting a wide number of participants, without the introduction of
intermediaries or financial complexity. This opens further use cases for lending and issuance protocols,
and allows firms and communities to greatly improve their liquidity position and reduce risk.

Here, we describe a common language for the design of payment systems. The language exposes the
structure of the payment system as a network of obligations combined with one or more liquidity
sources. From this, we propose a payment system design based on a graph optimization algorithm
which allows a large number of participants (debtors, creditors, and liquidity providers) to benefit
from clearing the most debt with the least money. The design is motivated by a core insight: a
significant amount of ‘internal’ liquidity resides within the network structure of debts and can be
accessed via set-off notices, which allow mutual reductions in debt. By surfacing the graph structure
of the network in a privacy-preserving manner, operating on it atomically with multi-lateral set-off
notices, and integrating diverse sources of liquidity, major benefits can accrue which are not otherwise
accessible to individual companies, to trade networks, and to whole economies.

With our design, firms can connect their internal accounting system to a global network that optimizes
the clearing of credits and debts using the available sources of liquidity. Firms select which of their
debts they want to submit to the clearing system, and what kinds of assets (amounts, exchange rates,
etc.) they want to use to pay them. Our initial focus is on the trade-credit economy, and its network
of accounts payable. These are typically 30, 60, or 90-day credits extended by suppliers to their
customers (i.e. invoices), that only bear interest once they are overdue. They are a major source of
the cash flows (and stresses) that dominate the operations of a business. In some sense they are the
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financial foundation of a commercial economy. Our design presents a practical solution that optimizes
the clearing of this debt via simple legal patterns, improving cash flow, and reducing dependence
on expensive sources of credit like factoring and bank loans. While trade credit is the initial focus,
the design presented here is more widely applicable to payments in general. It offers a new way to
implement robust payment systems and a new foundation for reasoning about finance.

In this paper we focus on the language of payments and the core design problem of graph optimization
over a network of obligations and liquidity sources. We leave the details of a fault-tolerant and privacy-
preserving implementation and its economics to future work.

1.1 Payment Systems

We define a payment system to consist of a set of obligations (the debts to pay), and at least one
liquidity source (typically, some asset) that can be used to discharge them. The obligations, together
with offers to use and accept different sources of liquidity, form a network graph. Many of today’s
payment services (banks, fintech, blockchains) focus primarily on transfer and exchange of assets,
with limited support for obligations, and with a limited view of the network graph. But these existing
systems become much more powerful when they are integrated into an obligation graph of the kind we
propose. As we will see, first class representation of obligations and the ability to operate atomically
on the obligation graph unlock powerful new capabilities for the collaborative discharge of debt.

Our design is motivated by a critique of existing payment systems, which we summarize briefly here.
Our aim with this critique is to offer a direction forward for enhancing and complementing existing
systems, rather than replacing them.

First, the modern banking system was not derived from anything approaching a coherent theory of
finance and economics, and has become quite fragile in its relationship to debt [13]. By contrast, we
seek to ground our proposed payment system on first principles, by asking the question: “How do we
design a payment system to reduce the most debt with the least money for everyone?”

Second, much of the risk management in modern systems is focused around central banks as lenders
and dealers of last resort [36]. While useful for backstopping certain kinds of liquidity crises, this
structure has led central banks to be captured by systemic risk [38] and to compound moral hazard
[30, 14]. Instead, our design focuses on risk-reduction mechanisms accessible to the general public by
enabling them to use a wider variety of assets and clearing protocols to make payments.

Third, much payments innovation is focused on the transfer and exchange of assets by individuals.
However, the payment system has a network structure arising out of the web of obligations formed in
the course of trade and finance. Our proposed payment system allows this network structure to be
surfaced and optimized over with the tools of graph theory. We focus on the network structure of the
liabilities, rather than the aggregate structure of the assets.

Fourth, modern payment systems often invoke intermediaries, new financial contracts, and novation,
which are associated with a higher regulatory burden and transmutation of risk. By contrast, we
can reduce the need for intermediaries and financial complexity by focusing instead on the existing
network of liabilities (especially trade credit obligations) and leveraging the more permissible legal
structure of set-off notices under international private obligation law [45]. This approach honours the
network of relationships in the obligation graph and allows the focus to remain on network-level risk
reduction. It allows debts to be reduced by formal set-off transactions that reduce debts for multiple
parties at once.

Fifth, liquidity in modern banking and blockchain systems is organized around a system of market-
making dealer intermediaries focused on their own enrichment through liquidity provisioning [2]. In
contrast, our proposed payment system is designed without such intermediaries, and is focused on
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liquidity saving via set-off notices. Liquidity provisioning is a short volatility position associated with
systemic risk.1 Liquidity saving is a way to reduce that systemic risk [22].

Finally, payment systems must ultimately reckon with the problem of issuance, which arises when
there is not enough liquidity in the system. There is much to lament about modern issuance through
commercial and central banks [4, 37, 47]. Our proposed design leverages the obligation network –
credit and debt relationships within the non-financial sector – as endogenous network liquidity to
enable new forms of distributed issuance that improve the system’s overall liquidity. We thus present
a platform for new kinds of credit and issuance protocols that are more “network-aware”.

1.2 Collaborative Finance

Our design emerges from a synthesis of traditions which are at their core efforts to implement robust
and sustainable payment systems.2 This synthesis is driven by the observation that a great deal of
financial value in support of the real economy is not visible to selfish rational agents reasoning about
their own assets, and can only be accessed through collaborative processes that allow us to operate
over the network of liabilities, which we share an interest in discharging. We seek to harness these
collaborative processes to reduce the constant liquidity pressure currently bearing down on the global
economy.

Thus, without rejecting competition – or capital markets more generally – we uncover a new source of
resilience and sustainability for networks of real economy actors, especially small and medium-sized
enterprises (SMEs), and new ways to leverage internal and external liquidity for mutual benefit. In
so doing, we offer a new path to empower communities to manage their own payment systems and to
issue their own money in a sustainable fashion. In turn, new possibilities emerge for existing pools of
capital to support a more sustainable finance.

The collaborative financial instruments we describe allow for optimized use of liquid assets and the
compression of balance sheets, reducing leverage and risk and thereby improving credit scores. For
micro and small enterprises, this signifies a paradigm shift. It improves their access to bank credit,
reduces the time between payables and receivables, and ultimately enhances their relationships with
suppliers and customers. Medium and large enterprises also find significant advantages in our system,
as it offers enhanced treasury liquidity management and greater control over the use of a wide range of
assets. Improved cash flow and reduced funding costs become more attainable, and risk management
reaches a new level of sophistication. The surplus of liquidity opens doors to an expanded realm of
investment opportunities, promising both growth and stability.

By eradicating payment gridlocks and reducing the systemic risk of payment defaults, communities can
flourish. Collaborative projects within communities can boost liquidity, opening doors to the issuance
of community currencies and enhancing the utility of various alternative currencies, including foreign
national currencies and cryptocurrencies. Our design better enables currencies and other assets to
be used more easily as part of day-to-day payments, and provides a platform for the development of
new lending and issuance protocols. It enables communities to tune the provision of liquidity to their
needs, and even to leverage DeFi protocols to benefit commerce more generally.

Banks and lenders also experience benefits from participation in collaborative finance. Through the
improved credit ratings enabled by the efficient functioning of our system they can access a broader
market, expanding their reach and influence. In addition, the clearing of the obligation network
embedded within our system becomes a valuable tool for recovering non-performing loans (NPL).

On the macroeconomic scale, our system promises to facilitate better use of existing liquidity. Risk

1Also known as ‘picking up pennies in front of the steamroller’ [30]. In essence, betting on stable prices.
2See prior work on obligation-clearing for liquidity-saving [42, 19, 23] with mutual credit [44, 28, 33, 40, 34, 18] and

the simultaneous use of multiple liquidity sources to discharge debt.
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reduction and minimized spillover effects mitigate the effects of financial crises. Importantly, the
same volume of liquidity can support a higher volume of economic activity, promoting growth and
productivity. The system encourages the productive use of trust-based financial instruments, starting
from bilateral IOUs and extending to traditional fiat legal tender, and beyond. It transforms the way
society views and manages financial resources.

Thus, the benefits our proposed payment system offers are manifold, spanning from individual compa-
nies to the community and regional economies and from small enterprises to large financial institutions.
Through efficient collaboration, optimizing asset utility, and enhancing liquidity management, we en-
visage a financial ecosystem that empowers, revitalizes, and ultimately enables sustainable growth in
an increasingly interconnected world.

2 Design

We introduce some terminology and a graphical schema that can be used to describe a wide variety of
payment and currency systems. This language and schema further motivate the formulation of a graph
optimization problem whose solution can be executed as a single multi-lateral operation, allowing a
large number of debts for a large number of firms to be cleared with a minimal amount of money
all at once. The language is based on a system of intents that define a graph over which we can
settle obligations in multiple ways. Intents allow participants to express their indebtedness and their
preferences over the use of different liquidity sources. Debts can then be settled by three primary
means: through set-off, through transferring assets, or through drawing on credit.

2.1 System of Intents

We recognize three basic types of intents, which we call Obligations, Tenders, and Acceptances.
Generally speaking, any payment transaction can be decomposed into these three components. We
assume intents are programmable, allowing a wide variety of payment, currency, and credit protocols
to be defined.

Obligations. An obligation is the core of any payment – it is the debt the payment settles. If
Alice owes Bob $30, that’s an obligaiton. More generally an obligation is a tuple of (debtor, creditor,
amount). It typically also involves a due date. Obligations originate from the debtor as a declaration
of their liability to the creditor. An obligation is an intent to pay. It must be ascertained by its debtor,
which is to say signed or accepted, but it requires no acceptance from the creditor. If Alice declares
she owes Bob, who is Bob to stop her?

We say obligations are discharged when the amount owing on them is decreased. Obligations can be
fully or partially discharged. Full discharge is usually referred to as settlement. Much of the benefit
of the design we propose comes from the ability to partially discharge obligations.

To date, most settlement systems, blockchains included, have focused primarily on asset transfer,
with limited support for obligations. However, without loss of generality, we might say that every
asset transfer between parties executes the discharge of some current or future obligation, even if the
obligation is not recorded in the same medium as the asset transfer, and even if the obligation and
the asset transfer are coincident or almost coincident in time. That our payment systems have not
supported these obligations as a base primitive is a major deficiency, and has greatly inhibited the
ability of the public to access the benefits of clearing.

Tenders. A tender defines how someone wants to pay an obligation. If Alice says, “Will you accept
this gold coin to settle my $30 debt?”, that is a tender. More generally, a tender is an intent to use up
to some maximum amount of a particular source of liquidity to discharge obligations you owe. Tenders
are issued by debtors, and can draw on any source of liquidity available to the debtor. If Alice has
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gold, dollars, and Bitcoin, she might tender any one of them, or all three, to try and pay her debts.
For a non-stable liquidity source like Bitcoin to settle a debt in dollars, the tender must specify an
acceptable price for Bitcoin in dollars. This price could come from an oracle, or it could be specified
directly by Alice. Note the Bitcoin are not actually exchanged for dollars, but they are used to pay a
dollar debt.

Liquidity sources for tenders come in two flavours: positive and negative balances. Consistent with
our ways to settle (see below), we call these Assignment and Overdraft, respectively. You pay your
debts either by assigning your own assets (positive balances), or by drawing an overdraft (negative
balances).

Acceptances. An acceptance defines how someone wants to be paid. If Alice says, “I’ll only accept
Bitcoin to settle the debt you owe me”, that is an acceptance. More generally, an acceptance is an
intent to accept up to some maximum amount of a particular type of liquidity in the discharge of
obligations owed to you. Acceptances are issued by creditors – they are the complement of tenders.

Acceptances also come in two flavours, relating to positive and negative balance. We call an accep-
tance into a positive balance a deposit, and one into a negative balance a repayment. A successful
deposit acceptance will increase your positive balance, or, if you have a negative balance, a successful
repayment acceptance will reduce it towards 0.

By describing payments in terms of obligations, tenders, and acceptances, we can optimize across
them to find a set of operations that discharge the most debt with the least (and most preferred)
money. The presence of cycles and chains of obligations allows the network to discharge more debt
than would be possible otherwise, thanks to the power of set-off and the different ways to settle.

2.2 Four Ways to Settle

Broadly speaking, there are four ways to discharge obligations: Set-off, Assignment, Overdraft, and
Novation.3 Set-off allows obligations to be offset against one another – if I owe you and you owe me,
we can do set-off. Assignment allows a debtor to use their own assets to discharge an obligation – how
we normally think about paying a debt. Overdraft allows a debtor to draw on new credit to discharge
an obligation – borrowing to pay. And novation allows the participants in an obligation to change.

Much of modern finance today revolves around novation (securitization, factoring, clearing houses,
etc.), which implies a change in the obligation contract (usually a change in counterparties and hence
the structure of the graph). Changing contracts is expensive, slows down business, and mutates risk.
We propose a system that limits the need for novation by instead making maximal use of set-off,
assignment, and overdraft. This has the added legal benefit of moving from the complex world of
financial regulation to the simpler world of private obligation law, which is more accessible and better
able to adapt to different contexts. This framing allows us to also pursue novel use cases for lending
and issuance protocols, empowering communities to make better use of these monetary powers in a
more distributed and sustainable fashion.

In what follows, we use balance sheets and graph representations to review the different ways to settle.
This framing will allow us to more completely define the graph optimization problem at the heart of
our payment system design.

Set-off. Set-off is the discharge of obligations without money. This is done by balancing obligations
across balance sheets so they offset each other – hence, set-off. If Alice owes Bob and Bob owes Alice,
they can do set off. Set-off can also happen in cycles – if Alice owes Bob and Bob owes Carol and

3We are building on the formulation in [15], which is focused on describing accounts from the perspective of the
payment system. Here we are more interested in the perspective of the users and communities, so our terminology differs
slightly. What is called Issuance in [15], we call Overdraft, which in our formulation includes Issuance as a special case.
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Carol owes Alice, they can all set off the lowest amount, as shown in Fig. 1.

Set-off reduces the size of each party’s balance sheet. We define a set-off notice as a formal and legally
binding communication about the result of a set-off process. For any agent to execute a set-off, at
least two obligations must be reduced, one where they are debtor, and one where they are creditor.
Set-off thus functions as a multilateral payment.

Assets Liabilities Assets Liabilities

Alice Bob

Before:

After:

Assets Liabilities

Carol

Alice Bob Carol20 30

30 $ from Carol 20 $ to Bob 20 $ from Alice 30 $ to Carol 30 $ from Bob 30 $ to Alice

30

10 $ from Carol 10 $ to Carol 10 $ from Bob 10 $ to Alice

Alice Bob Carol10

10

Before:

After:

Figure 1: 3-cycle set-off. Alice owes Bob 20, who owes Carol 30, who also owes Alice 30. With set-off, each
obligation can be reduced by 20, fully discharging Alice’s debt to Bob, and partially discharging the others.
Total debt in the system drops from 80 to 20.

Assignment. Assignment is the discharge of an obligation by the transfer of some amount of an
asset from one party to another. Unlike set-off, which is multilateral, assignment can be initiated
unilaterally by the debtor of an obligation. Multiple consecutive assignments allow the same money
to be used to discharge a chain of multiple obligations. Fig. 2 shows a chain of assignments involving
three parties transferring $20 to clear $40 of debt. Assignment only reduces the balance sheet of the
debtor. In a chain of obligations, it reduces the balance sheet of all parties except the last one in the
chain.

Assets Liabilities Assets Liabilities

Alice Bob

t0 :

t1 :

Assets Liabilities

Carol

100 $ 20 $ to Bob 20 $ from Alice

20 $ to Carol 20 $ from Bob80 $

20 $t2 :

20 $

80 $

20 $ to Carol 20 $ from Bob

Figure 2: Assignment chain. Alice has $100, and owes $20 to Bob, who owes $20 to Carol. Alice uses some
money to pay Bob, who then pays Carol.

Assignment and set-off can be combined atomically so that assignment (the asset transfer) only occurs
between the first and last agents in a chain of obligations, while all other obligations in the chain are
set off. This avoids multiple independent assignments down the chain, achieving the same result but in
a single multi-lateral operation. This is important because it allows for optimizations over the graph.

It is useful to think of liquidity more formally as a node in the graph, which can be connected to
debtor and creditor nodes via tenders and acceptances, respectively, as shown in Fig. 3. We can still
interpret these edges as a kind of obligation, only between the liquidity source and agents with access
to it. The liquidity source, in the case of assignment, is the keeper of positive balances. It could be a
bank, a blockchain, or a mutual credit system.

Fig. 3 shows a visualization where Alice owes Bob, who owes Bill, who owes Ben, who owes Carol.
Bob’s, Bill’s, and Ben’s debts are cleared by the transfer of 20 units of liquidity directly from Alice to
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Carol, atomically and with set-off notices received by all of them. In a single operation all the debts
are discharged and Alice’s 20 is transferred directly to Carol, without Alice or Carol ever knowing
about each other. Bob, Bill, and Ben never handle any money, and all their debt is cleared by set-off.

Alice Bob Bill

20

20 20

20

Liquidity Source/Sink
(e.g. Bank)

Tender Acceptance

Obligations

20 20

Ben Carol

Figure 3: Visualization of liquidity source. Many debts can be cleared by a single assignment. Alice’s
money gets assigned to Carol, and all debts are set off.

Overdraft. Overdraft is discharge of one obligation by the creation of a new one – borrowing to pay.
If assignment is interpreted as a positive balance that can be drawn on to pay, overdraft is a negative
balance – it can be drawn past 0, but must in some way be paid back. The dynamics of the negative
balance can be defined by a lending protocol for some liquidity source that determines how negative
the balance can go and how it is paid back. For a given type of liquidity, there can be many different
overdraft facilities opened, each defined by its own lending protocol.

Fig. 4 shows a simple case of overdraft.4 A Lender opens an overdraft facility for Alice to draw
on. Alice can draw on this facility, running up a negative balance, which appears as an asset to the
Lender and a new liability to Alice. The Lender’s assets are used to pay Bob, thus discharging Alice’s
obligation to Bob. In the end, Bob is paid, and Alice owes the Lender. Unlike set-off and assignment,
overdraft alone does not reduce the size of any balance sheets – they all stay the same size.

Assets Liabilities Assets Liabilities

Lender Alice

Before:

After:

Assets Liabilities

Bob

100 $ 50 $ to Bob 50 $ from Alice

50 $ + 50 $
loan to Alice

50 $ to Lender 50 $

Figure 4: Overdraft. Alice draws on an overdraft facility (a line of credit with the Lender). All balance sheets
stay the same size.

Note that Alice is not first taking out a loan, and then using the asset she acquired in the loan to pay
Bob via assignment – taking on the new debt and paying the old debt comprise a single action. This
is the meaning of an overdraft facility as used for payments (i.e. a debt used to reduce other debt), in
contrast to a loan (i.e. a debt used to acquire an asset).

Overdraft can also be combined with assignment and set-off, and can be conceptualized as a node in
the graph the same way as assignment in Fig. 3. An overdraft facility is a negative balance node that
can be tendered from and accepted to (repayment). It’s distinguished from an assignment node by
the rules that govern repayment (it’s a credit line).

Notably, overdraft also permits the possibility of issuance, which amounts to the creation of new
monetary units. This allows us to think about issuance as a kind of credit, a negative balance expected

4We assume for simplicity we are dealing with assets that can be self-custodied by the participants (e.g. cash or a
stablecoin), so we do not need to also show a bank that holds dollars as deposits on behalf of the participants.
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to be paid back. While set-off and assignment reduced balance sheets, and overdraft kept them the
same, overdraft with issuance results in balance sheet expansion. Most money issuance today is done
by expanding the balance sheets of commercial banks, using central banks as a backstop. But the
network structure surfaced by our design makes new opportunities for issuance possible. Use cases for
overdraft and issuance are covered further in Section 3.

Novation. In all three of Set-off, Assignment, and Overdraft, the structure of the network, in terms
of the counterparties and the direction of obligations, is preserved. Debts can be reduced, even to
zero, and new debts can be created, but the counterparties of a given obligation cannot change.
Novation is different in that it does mutate the structure of the obligation graph. With novation, the
counterparties in an obligation, and the direction of an obligation, can change.

A common form of novation in trade credit markets is factoring, where the creditor of an obligation is
changed – the original creditor sells the debt to someone else, usually at a discount. It’s important to
understand how our solution is distinct from factoring. We achieve a similar result as factoring, but
without novation, by using an overdraft up the obligation chain.

Suppose Alice owes Bob, who owes Carol, as shown in Fig. 5a. In invoice factoring (Fig. 5b), Bob
would factor (“sell”) his receivable from Alice to Frank for cash to pay Carol. In this case a liquidity
provider, Frank, is buying the receivable from Bob, seeing it as an asset he can purchase at a discount
and later collect on from Alice. This changes the graph, since instead of owing Bob, Alice now owes
Frank, whom she doesn’t even know. But Frank could just as well offer an overdraft facility to Alice
(Fig. 5c), that she might draw on to pay her debt to Bob, who can then pay Carol. The difference is
that, rather than letting Bob break the structure of the obligation graph for Alice (forcing her to owe
Frank), Alice can choose to draw on the source most appropriate for her (maybe it’s not Frank, but
Fiona) to discharge her obligation to Bob.

Alice

Carol

Bob

Frank

Fiona

20

20

Alice

Carol

Bob

20

20

20

Frank

Alice

Carol

Bob

20

20

20

Overdraft
Facility

20

Alice

Carol

Bob

20

20

2020

a) Starting State b) Factoring Solution
(creditor in control)

c) Overdraft Solution
(debtor in control)

d) Collaborative Solution
(p2p loan)

or

*

Legend
Normal obligation

p2p lending obligation

* Optional way to handle Alice-Carol
debt as obligation in next MTCS run

Ownership relation

Figure 5: Comparison of factoring, overdraft, and p2p lending solutions (amounts shown nominal)

This requires us to frame the availability of liquidity in terms of the structure of the debts, rather
than factoring or securitizing the assets. By doing so we can unlock new sources of liquidity within the
network and empower debtors to draw from sources of credit most appropriate for them. A powerful
example of this is a ‘p2p loan’, as shown in Fig. 5d. Instead of borrowing assets from Frank or Fiona
(outside the network), Alice borrows in the form of a “good-faith” obligation from Carol, a kind of
p2p loan that allows the whole network to be cleared. By borrowing in this way from Carol, even
without transferring any assets, a cycle is created that can be discharged via set-off, leaving only a
single debt from Alice to Carol to be paid in the future.

The point is, liquidity is in the graph! Starting with the obligation network, the addition of liquidity
sources (assignment and overdraft), including p2p loans, extends the graph to make it more dense and
cyclical. We can do clearing without novation because liquidity is hidden in the cycles. The key to
our design then is an algorithm that finds cycles.
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2.3 MTCS

The graph algorithm at the core of our design is called Multilateral Trade Credit Set-off (MTCS)
[23, 22]. MTCS solves for the maximum amount of debt that can be discharged in a network defined
by a set of obligations, tenders, and acceptances. The result of an MTCS run is a list of set-off notices
to be applied to obligations and liquidity sources. Set-offs are executed atomically by a fault-tolerant
multi-lateral state machine. In a single operation, debts are reduced and payments are made for many
parties at once.

Liquidity sources, lending protocols, and issuance protocols can be incorporated into the system as
nodes within the graph being optimized over by MTCS. Sources of liquidity can range from own
assets, to the assets of external lenders, to mutual credit, DeFi protocols, currency issuers, and to
p2p loans that generalize the issuance of obligations themselves. By exposing the graph and enabling
collaborative action by stakeholders, new forms of internal liquidity become possible.

The MTCS algorithm finds a so-called cyclic structure in the obligation graph. The existence of the
cyclic structure implies that the amount of liquidity required to discharge all the debt is less than the
total amount of debt. We call this amount of liquidity the Net Internal Debt (NID). MTCS proceeds
by finding the minimum cost flow of this amount of liquidity (the NID). Subtracting that flow from
the full obligation graph yields the cyclic structure.

The mathematical details of MTCS are described in [22]. As shown in Fig. 6, the algorithm defines
a fictitious liquidity source v0 as a node external to the obligation network and connects it to each
node vi, where i spans from 1 to the number of firms n, with a new set of directed edges. For each
firm, the weight of the new edge corresponds to the firm’s net position (total credits − total debts).
The direction is from v0 to the node if its net position is negative (it needs to draw on the liquidity
source) and vice versa if it is positive (it has excess liquidity to deposit back to the source). The NID
is the sum of the negative net positions. The figure shows how the fictitious liquidity source can be
split for greater clarity into two auxiliary nodes, one that acts as a source and the other as a sink.

v0

Obligation Acyclic flow from fictitious source to red firms,
to blue firms through the obligation network,
and back to the fictitious sinkObligation in a cycle

Legend

Firm with positive net position
Firm with negative net position

Source Sink

Figure 6: Flow from a fictitious liquidity source. The red nodes (net debtors) draw from the fictitious
source, and the blue nodes (net creditors) deposit to the fictitious source. Subtracting the min-cost max-flow
leaves the cyclic structure (green).

No actual liquidity is used here because subtracting the cyclic structure from the original graph does
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not change the net positions. The weight of each edge belonging to the cyclic structure constitutes the
set-off notice, or decrease in obligation amount, that needs to be sent to the two companies defining
that edge. This is the amount of liquidity saved or cleared, i.e. which does not have to be paid by the
debtor.

The optimal solution of the min-cost max-flow MTCS algorithm is not unique. There are in general
many optimal paths satisfying the problem. While randomness could be used to pick between solutions,
it would be better to enable other solutions to be expressed, for instance through direct governance,
some kind of preference system, or other possible parameters.

Without a source of liquidity, only obligations in cycles can be cleared by MTCS, and they can only
be partially discharged (up to the smallest debt in the cycle). But even small amounts of liquidity
can result in a much greater amount of debt being cleared, and with benefits for a larger number of
participants. By adding enough liquidity (at least the NID), 100% discharge of all the obligations can
be achieved. The optimal solution found by MTCS implies that the amount of liquidity required is
much smaller than the total debt, due to the simultaneous set-off of chains of obligations.

Fig. 7 shows an example of this ‘multiplier‘ effect by plotting the percentage of debt cleared against the
amount of liquidity injected as a fraction of the total debt. The debt cleared rises steeply at first with
slope greater than 1 (corresponding to chains of obligations), then grows with slope = 1 (corresponding
to the clearing of isolated obligations), before levelling off at a fraction of injected liquidity that is
significantly smaller than the total debt. The figure also shows how the average fraction of accounts
payable (AP) cleared for each firm grows with injected liquidity. The first plateau corresponds to the
clearing of large companies after the chains have been exhausted.
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Figure 7: Variation of debt set-off expressed as a fraction of total debt. With no liquidity, nearly 10%
of the debt is in cycles and can still be cleared. With small amounts of liquidity, much more debt can be cleared.
The graph is based on anonymized Italian data: 1,280,000 invoices, 760,000 companies, December 2020.

2.4 Liquidity

We can now introduce liquidity to the MTCS algorithm. Recall Fig. 3, where we introduced a node
in the graph to represent a single source of liquidity, with outgoing and incoming edges (tenders and
acceptances). Like the fictitious liquidity node in Fig. 6, a real liquidity node can connect to and
from every other node in the network, and can be decomposed into auxiliary nodes: a source and
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a sink. However, in line with our ways to settle, there are two kinds of sources (Assignment and
Overdraft), and thus two kinds of sink (which we call Deposit and Repayment). In other words, you
can tender from your positive (assignment) and negative (overdraft) balances, and you can accept into
your positive (deposit) and your negative (repayment) balances.

As shown in Fig. 8, we decompose the liquidity source node into four auxiliary nodes: Assignment,
Overdraft, Repayment, and Deposit. Tenders are made from Assignment and Overdraft nodes, while
acceptances are made to Repayment and Deposit nodes. After the MTCS run, set-off notices involving
firms that declared tenders and acceptances are sent also to the liquidity source, which performs the
necessary transfer of funds. The sum of flow from Assignment and Overdraft nodes must equal the
sum of flow to Repayment and Deposit nodes. As per Fig. 7, the presence of obligation chains means
even a small amount of liquidity can significantly increase the amount of debt discharged.

Consider the obligation chains in Fig. 8. Intermediate nodes in the chain such as I, D, and G (i.e.
those without any tenders from or acceptances to the liquidity source) still benefit from the existence
of the liquidity source without having any direct relation to it. So long as Firms A and B are willing to
pay with and accept, respectively, the particular asset of this liquidity source, the intermediate firms
in the chain benefit, without ever having to use or engage that asset at all, and without firms A and
B having to know each other. This opens profound new possibilities for different currencies and assets
to be used in real world payments: so long as a small number of people are willing to use a currency,
a much larger group stands to benefit. This is the power of Collaborative Finance.

‘Tender’

vb

‘Acceptance’

A O R D

start of chain end of chain

‘Tender’

Liquidity
Source/Sink

4 fictitious nodes to
help interpret the liquidity
source/sink functions

Sources Sinks

Firm that draws from a positive account that remains positive

Firm that draws from a negative account
Firm that clears without having to draw from its account

Firm that draws from a positive account that becomes negative
A
O
R
D

Assignment, using own liquidity
Overdraft, using credit
Repayment
Deposit

Legend

vb Liquidity source (e.g. bank)

C
D

E
F G H

A B
IJ K

Figure 8: Generalized CoFi Liquidity Schematic. Liquidity node vb is decomposed into 4 auxiliary nodes:
A, O, R, D. All other nodes are firms. Firms at the start of obligation chains (like Firm A, C, or F) tender
from A and/or O. Notice firm C tenders from both – it doesn’t have enough of its own assets (from A), so it
also needs to draw some credit (from O). Inner nodes in the chain can also tender, like firm J, who owes I more
than it’s owed by A, and so tenders the difference. Firms at the end of obligation chains (like Firm B, E and
H) accept into R and/or D. Notice firm H repays some of its existing credit line (into R), and deposits the
remainder (into D). Inner nodes in the chain can also accept, like firm K, who is owed more by firm I than it
owes to B, and so accepts the difference as a deposit. The other inner nodes in obligation chains (e.g. firms I,
D, and G) here interact only with set-off notices and not with the liquidity source.

While a single liquidity source already provides significant benefits, we can introduce multiple sources
of liquidity for the same network, compounding the opportunities for, and the overall volume of, set-
offs, and greatly enhancing the network effect. Crucially, each currency “circuit” operates separately,
so no currency exchange service is needed for settlement.

13



Consider the case of two uncoupled liquidity sources, shown in Fig. 9. We can see that Firm B is at
the intersection of two separate cycles, one based on tenders/acceptances in fiat, and another based in
crypto. B will benefit from the set-off in each cycle separately, with no interaction between them, and
without having to actually use either fiat or crypto. In this case, B only engages with set-off notices.
Furthermore, the transfers of funds from A to C and from D to E will take place in fiat and crypto,
respectively, again without any interaction or need for a currency exchange service.

In this example of Fig. 9 we have two chains where in each chain the first and last firm agreed on the
same currency. In the A-B-C chain, both A and C want to use fiat, and in D-B-E, both D and E want
to use crypto. But in Fig. 10 we break this symmetry. Now we have A-B-E, where A wants to pay
in fiat and E wants to accept crypto, and we have D-C, where D wants to pay in crypto and C wants
to accept fiat. With MTCS, we can still solve this case, by forming a single cycle across two liquidity
sources. A’s fiat can be used to pay C, and D’s crypto can be used to pay E. As long as an oracle is
available to transform everything to the same unit of account for the purposes of running the MTCS
algorithm, after the run the set-off amounts are converted back to their original currencies and are
sent to the relevant firms and liquidity sources. Thus, the only movement of money takes place within
each liquidity source and independently of the others.

Fiat Crypto

A

B

C

E
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D A

O

R
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Obligation

Acceptance
Tender

Legend

Node using its crypto liquidity
Node using its fiat liquidity

Internal node not using liquidity

Figure 9: Two uncoupled liquidity sources. B benefits from both without having to handle either.
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Figure 10: Two liquidity sources in the same cycle. The use of multiple currencies can greatly improve
the ability to discharge debt in the network.

14



Our design thus enables a large number of currencies and liquidity sources to be utilized in the
collaborative discharge of debt, greatly reducing working capital needs and various interest, exchange,
and transfer fees. It promotes an open platform for participation of diverse actors and liquidity sources,
and encourages development of new currency and credit protocols within a larger common framework
for collective debt discharge, which yields numerous benefits. We turn to some of those use cases, and
their benefits, next.

3 Use Cases

As a payment system with native support for obligations and credit protocols, the use cases of our
design are endless. Our hope is that the language of Section 2 and the collective graph optimization
problem we outlined can serve as a new foundation for finance and monetary economics that takes a
network view of the liability graph instead of an aggregate view of the assets. Meanwhile, our design
has tremendous practical implications. We covered many of the benefits in Section 1.2. Here we take
a closer look at some use cases, including a diverse array of lending and issuance protocols, which
benefit within the wider context of improved cash flow management and risk reduction provided by
MTCS.

3.1 Cash Flow and Treasury Management

Cash flow and treasury management are critical challenges for SMEs, who struggle with payment
inefficiencies and often have to resort to costly solutions [1]. Limited liquidity options and the need to
rely on bank deposits aggravate late payments that can potentially escalate into solvency problems,
particularly for smaller enterprises. The implications extend beyond individual businesses, impacting
the broader community. By providing an easy-to-integrate and privacy-preserving clearing network,
CoFi addresses these core cash-flow management issues, allowing businesses to connect their books and
various sources of liquidity seamlessly, improving cash flow, and reducing working capital requirements
and costs.

Our design builds on a tradition of existing production MTCS systems, like the obligation-clearing
done in Slovenia [41, 23], Romania [25], and Bosnia-Herzegovina [11]. None of these systems, to our
knowledge, incorporates liquidity beyond obligations. Going beyond the existing systems, our design
opens avenues for using multiple currencies as liquidity sources, including community currencies,
foreign currencies, and cryptocurrencies in addition to fiat, all without incurring forex costs, as long
as there are enough users in the network who accept them. As we’ve shown, the willingness of
some firms to use a different currency can potentially benefit a much wider number of others, even
those that do not wish to use or be exposed to that currency. Our design thus provides a means
for cryptocurrencies and other kinds of alternative and community currencies to become much more
useful in real world payments.

The CoFi MTCS service can be presented to SMEs as a treasury dashboard with an overview of
the firm’s assets, overdraft facilities, and payment obligations. This creates an opportunity to make
better-informed decisions about the use of available resources or to even automate the relevant tasks,
to improve working capital conditions, reduce costs, and reduce risks. Such treasury functionality –
normally reserved to large financial institutions – will be made available to all.

3.2 Risk Reduction

MTCS contributes towards risk reduction across diverse dimensions. Individual enterprises reap the
benefits of diminished risk due to regular balance sheet contraction, reducing leverage and supporting
credit scores. By eradicating gridlocks within the payments graph using set-off, MTCS reduces the
payment risk, improves the days payable, and consequently reduces the late payment issue. This
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influence extends to loan repayments, as the system becomes a valuable tool for using circuit laws
to recover non-performing loans (NPL) by extending new credit. Unlike central clearing houses,
MTCS achieves this derisking without introducing central counter parties to whom significant risk is
transferred. Furthermore, MTCS presents an opportunity for more sophisticated credit risk assessment
based on the knowledge of the payment network. These risk reduction benefits apply in general, in
the environment created by MTCS, across a diversity of lending and issuance protocols.

3.3 Lending Protocols

Access to credit is one of the most difficult and problematic aspects of running a small company, and
increasingly so in the wake of increasing bank competition and consolidation, restricting access to
financial services to urban centres and well established firms [6, 17, 43]. To begin to address these
challenges, our design includes overdraft facilities as an explicit source of liquidity in the risk-reduced
environment of MTCS, opening up a platform for development of diverse lending protocols.

The simplest lending protocol involves a lender putting up assets into an overdraft facility and approv-
ing a particular firm to draw from it. More advanced protocols can allow multiple liquidity providers to
pool their assets and open credit lines to different firms, based on various criteria. Collateral require-
ments and terms can vary. There are numerous examples of these kinds of lending protocols already
existing in the world of Decentralized Finance. Our design can integrate such protocols, enabling
them to connect to a shared obligation graph, thereby enhancing their potential utility, reducing risk,
and increasing the likelihood of repayment. This opens the door to larger markets, greater numbers
of borrowers, reduced risk for lenders, and overall greater efficacy.

A major source of risk reduction is integration of loan repayment obligations into the obligation net-
work. This comes in the form of standing programmable acceptances, which can give loan repayments
automatic priority, reducing the moral hazard associated with firms deciding whether or not to pay.
In addition, the repayment of loans inside the obligation network creates an opportunity for active
management of NPLs. Lenders can prioritize the new loans’ approval in a way that reduces or even
fully resolves the NPLs.

In addition to being a platform for the development of diverse protocols for lending existing assets,
our design also serves as a platform for protocols that issue new assets. In Section 2.2 we called this
overdraft with issuance. It is a type of overdraft where the assets being lent did not already exist, but
were created as part of the operation of lending. Our design provides a new framework for reasoning
about issuance in the context of the larger obligation graph, and makes possible a diversity of use
cases. The remainder of our examples below are of this type: overdraft with issuance.

3.4 Bank Lending

A dominant form of overdraft with issuance is lending by commercial banks. These overdraft facilities
provide people and businesses with working capital to pay their debts, but the ability to extend them
to SMEs is heavily restricted by the Basel accords [21, 5]. Therefore, banks too can benefit from
our payment system design because the lower credit risk associated with firms in an MTCS network
effectively increases the number of firms eligible for a loan, and therefore the market for bank loans.

In general, when a bank lends money, it is actually creating new money and its balance sheet expands
[35, 49], as shown in Fig. 11. When this money is used directly for payment, it is overdraft with
issuance.

While banks have largely dominated the ability to issue new money as liabilities, this power need not be
limited to them. Arbitrary community networks can establish their own balance sheets, representing
a mutual accounting of monetary flows within the community. This is the idea behind a diverse array
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of alternative issuance systems, from stablecoins and mutual credit to trust networks and p2p loans.

Assets Liabilities Assets Liabilities

Bank Alice

Before:

After:

Assets Liabilities

Bob

100 $ 50 $ to Bob 50 $ from Alice

100 $ + 50 $
loan to Alice

50 $ to Bank50 $
(Bob’s deposit)

50 $

Figure 11: Overdraft with money creation. The bank’s balance sheet expands

3.5 Stablecoin Protocols and Central Bank Digital Currencies

One of the perceived challenges in the adoption of cryptocurrencies in the real economy is their
price volatility, leading to the rise in stablecoins [29, 24, 3]. Similarly, central banks are increasingly
interested in developing their own digital currencies (the ‘CBDCs’). While stablecoins are seeing
increasing adoption in ‘DeFi’ use-cases, they have yet to really penetrate the world of trade finance.
Similarly, the many CBDC proposals maintain much of the status quo of existing financial and payment
systems, and can thus be subjected to our critique from Section 1.1. That said, CBDCs are likely to
be easier to integrate than traditional bank deposits into new payment system designs like ours [26].
In any case, all of these stabelcoin and CBDC issuance protocols can be understood in our design
as overdraft with issuance, allowing them to connect to the risk-reduced environment of MTCS and
inherit the associated benefits. This can enable new opportunities for stablecoins and CBDCs to be
used to support real-world commerce.

While the most popular stablecoins are custodial (i.e. USD stablecoins can be redeemed directly for
USD bank deposits), an emerging class of non-custodial, over-collateralized lending systems allows
stablecoins to be issued as debt against some underlying collateral. Our design also opens the possi-
bility for new kinds of stablecoin design, where issuance terms are based on the ability to discharge
more debt for more people. This in a sense is the approach of mutual credit, a kind of stablecoin
issuance protocol backed not by liquid assets, but by future productivity.

3.6 Mutual Credit

Mutual credit tends to emerge spontaneously in times of crisis [27, 44], to offset the lack of a medium
of exchange in general and working capital for small firms without cash reserves in particular. Mutual
credit monetizes the trust between the members of a closed network, allowing them to issue ‘credits’
based on their future productivity [18].

From an accounting perspective, mutual credit functions in the same way as a bank with money
creation, but is differentiated by the kind of entity the balance sheet represents. For the bank, the
balance sheet represents the ownership structure of the bank. But mutual credit has no such concept
of ownership over the balance sheet. In a mutual credit system, Alice doesn’t have to pay the mutual
credit system “back”. Instead, she reduces her negative balance by accepting the mutual credit
currency in the future as payment for obligations due to her (e.g. when Bob pays her for her products
and services). As a condition of drawing on the currency’s overdraft facility, Alice must commit to a
standing acceptance for the currency in future MTCS runs. Repayment takes place as Acceptance.

Another related form of issuance that is also based on future productivity is vouchers. Whereas
anyone in a mutual credit circuit can issue the mutual credit currency (up to a limit) by taking on a
negative balance, in a company-specific voucher system only a specific company can issue and move
into negative balance. For example, the ‘egg vouchers’ introduced by Grassroots Economics can be
spent only to buy eggs from a specific vendor [46]. Therefore, they have a strong local character and
can be redeemed only locally, with the companies that issued them. Such vouchers can still have a
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value in a given unit of account and can therefore also act as a medium of exchange in each restricted
community where the issuer is known.

3.7 Trust Networks

Trust networks attempt to scale voucher systems by establishing formalized trust relationships between
users in terms of acceptance of their respective currencies. Payments between users who do not trust
each other, therefore, require a trust path through one or more additional users who do. A good
example is Circles UBI.5 In the language of Section 2, each user in Circles has their own liquidity source
(their token), for which they are the only ones with access to the overdraft facility with issuance, and
they issue themselves a fixed amount of their token each day (the UBI). Users have standing tenders
for the currencies they hold, and they extend trust to each other by issuing standing acceptances for
the currencies of users they trust. Paying an obligation through the trust graph can then be seen
as the solution of an MTCS run which finds a cycle across some number of these liquidity sources.
Circles thus generally attempts to find cycles with a single obligation and multiple liquidity sources,
and to do it in real-time. This can be seen as a specific instance of the more general design we have
described, motivating a number of directions of innovation for Trust Networks like Circles.

3.8 P2P Lending

Last but not least, we revisit the p2p lending introduced in Section 2.2 and depicted in Fig. 5d. In
that scenario, Alice owes Bob, who owes Carol. The p2p loan can be motivated by considering if Carol
were to open an overdraft facility for Alice, allowing Alice to borrow assets from Carol in an MTCS
run. Alice’s debt to Bob would be cleared by set-off, while Bob’s debt to Carol would be cleared by
Carol receiving back the asset she lent to Alice in the first place! So Carol doesn’t need any actual
asset to make this kind of loan to Alice, since she will get paid back immediately.6 In fact, this loan is
indistinguishable from a normal obligation from Carol to Alice, and hence we referred to it as a ‘good
faith’ obligation that creates a return obligation from Alice back to Carol in the future.

Notice the power of the obligation as a primitive here. It allows us to achieve the same effect as an
overdraft facility with real assets, without the assets at all. This kind of lending achieves a significant
quantitative effect by allowing new obligations to be created specifically for the purpose of turning
chains in the obligation graph into cycles, thereby increasing the amount of debt that can be discharged
through set-off. The impact of the p2p loan is most notable in the changed network topology and
decreased total debt in the obligation network. The benefit for the community is the reduced risk and
increased transparency in the network of mutual indebtedness.

We should point out that in a privacy-preserving setting, Alice and Carol in Fig. 5d have no way
of knowing ahead of time whether or not the p2p obligation will be part of a cycle. If it isn’t, the
obligation will not be offset, and it can be automatically cancelled. Alternatively, a few days before
the algorithm is due to run, and if the privacy constraints permit it, an MTCS service provider could
analyse the network and notify any pairs of companies that could close one or more cycles about this
topological fact, and suggest to them that they could issue p2p obligations to each other. On the
other hand, many firms can take their own initiative. If a firm is net-positive and wants to increase
the chance of clearing its accounts receivables and by so doing decrease its collection costs, it can ask
firms it trusts or, even better, firms it might want to have business with in the future if by any chance
they are in need of a p2p loan. If the firms asked are net-negative – and that is easy for them to
establish – they might accept such a loan offer to reduce their debt towards key suppliers or just to
save more liquidity, thereby gaining more flexibility to manage payments between MTCS runs.

5See https://joincircles.net/. See also https://circlesentropy.github.io/blackpaper/ for a privacy-
preserving version of the protocol.

6This is reminiscent of “flashloans” in DeFi, where assets are borrowed and payed back within a single transaction
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Whether through a service or by individual initiative, this is a prime example of collaborative issuance
– in this case obligation issuance – that, by redistributing debt to individual firms that are better able
to pay it, could be very beneficial and empowering for the whole network.

4 Conclusion

In this paper we explored the transformative potential of a collaborative payment system, designed
to discharge debt efficiently with the least amount of liquidity. Our approach combines a system of
intents, (obligations, tenders, and acceptances) with distinct means of settlement (set-off, assignment,
and overdraft). This web of financial tools, supported by graph theory, is encapsulated in the MTCS
algorithm, and soon to be realized via a privacy-preserving Byzantine Fault-Tolerant replicated state
machine network.

The implications of our research extend beyond the confines of traditional finance and payment sys-
tems. We have uncovered several key insights that are poised to reshape the financial landscape:

1. Empowering Individuals: Our design offers individuals greater control over sourcing liquidity, ef-
fectively opening doors to peer-to-peer lending and reinforcing the notion that liquidity fundamentally
resides within the network itself.

2. Community Sovereignty: By extending the concept of inside money to communities, we enhance their
sovereignty and equip them to withstand external credit shocks more effectively.

3. Clarity in Language: We have consciously chosen to communicate in obligation language rather than
the jargon of traditional finance. This deliberate shift aims to eliminate misunderstandings, operate in the
more flexible regulatory regime of obligation law, and emphasize the collaborative nature of the financial
tools we have introduced.

4. Inclusivity of All Currencies: Our algorithm, with its introduction of multiple liquidity sources,
accommodates all currencies accepted by the community members. This inclusivity dramatically enhances
the ability to clear debt effectively.

5. Blockchains: The case for implementing this functionality on a blockchain is due to the fact that
blockchains are virtually unique in enabling us to achieve secure atomic execution of multilateral set-off
notices and asset-transfers in a privacy-preserving way across a diversity of liquidity sources. With such
a platform for atomic execution, one can run optimizations across a much more dense and diverse graph,
leading to much greater and more widely distributed benefits.

This paper has not only presented a compelling conceptual framework but has also provided practical
insights into what Collaborative Finance means in tangible terms. The empirical and simulated data
vividly illustrate the untapped potential within our proposed system. Through the combination of a
collaborative approach and an understanding of network topology, significant sources of value can be
unlocked.

Our vision extends beyond this paper. In particular, we leave details of a privacy-preserving and
fault-tolerant implementation architecture, as well as all relevant economics, to future work. We
invite all stakeholders, from individuals and communities to financial institutions, to join us on the
Collaborative Finance journey.
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