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The Problem of
Late Payment




The basic impact of late payment

It raises costs associated with financing
working capital;

It depletes cash reserves in businesses,
while often losing them the interest which
could have been accrued in the meantime;
It escalates administrative costs associated
with collections and recoveries;

It drains labour productivity, and causes
businesses to pass up further profitable
work;

It creates substantial distractions from
everyday work;

Despite healthy client registers, it creates losses
for businesses which would otherwise seem
profitable on paper;

It often places the burden of financing the entire
upstream supply chain on the smallest
companies;

It causes unemployment and bankruptcy;

By killing otherwise profitable business ideas,
late payment stifles competition and

hampers business progress;

It increases the barriers to entry for businesses
in industries with the worst payment practices.




Late payment
UK 2020

e Gap in payment terms and
actual payment in UK is
comparable but slightly larger
than EU average

® Just 11% of companies in UK
claim that they are comfortable
with longer payment terms

® Late payment as a practice is
rising sharply, increasing the
risk of payment defaults.

Source: Intrum Justitia - European Payment Report 2020

Gap in payment terms offered and actual payment duration:

@ Average payment terms

offered, UK 75
Average actual payment 64 &
time, UK 60
@ Average payment terms 52 53
offered, EU average 45
Average actual payment
time, EU average 31 30
MNumber of days
Consumers (B2C) Business (B2B) Public sector

Have you accepted longer payments than you feel comfortable with over the past 12 months?*

@ sMe
Large corporations

61%

43%

26%

*) This Is & multiple answer
question, hence the total
adds up 1o more than 100%

H % 1%

Yes, from a large/ Yes, from a Yes, from a No
multinational small to medium public sector
corporation company company

To what extent do you see risk of late/non-payments from your company’s debtors developing during
the next 12 months?

® Increasing 2020 I = e
@ Remaining stable

Decreasing

2009 FrER 80% 6%



What is the average time taken by your corporate customers
(B2B) in each of the following industries to make their payments?

@ 2024
2023

Government & Public Sector
Energy & Utilities

Mining & Minerals
Telecommunications
Hospitality & Leisure
Construction
Transportation & Logistics
Technology & Media

Real Estate

Business Services
Industrials & Chemicals
Pharma, Medical & Biotech
Banking & Financial services
Insurance

Retail

Number of days
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Source: Intrum Justitia - European Payment Report 2024

Countries where corporate customers (B2B) on average
take longest to make payments

® 2024

Finland
Denmark
Norway

Poland

Bulgaria

Bosnia Herzegovina
Sweden

Belgium

Spain

Greece

Italy

Croatia

The Netherlands
France

European average
United Kingdom
Germany
Portugal
Slovakia
Switzerland
Czech Republic
Serbia

Austria

Hungary
Slovenia

Ireland

o
(]

I
(%]

oo
Sh Bs]

o
(]

[54]
0

8

!

(4] x

pr o
0 =)

o

(%2
"

[4,]
(%]
[¢]



Defining late payment

Tactical

Default risk

Beyond regulatory
or good practice
threshold

Outside agreed
payment terms

=
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10.
11.
12.

13.

Industry standard credit terms that are long by the standards of other
industries

Routine administrative delay or dispute

Low probability provision for bad debt

Routine de prioritisation of suppliers (no dilution)

Extended terms or prompt payment discounts demanded by a dominant
buyer

Non routine administrative delay or dispute (with potential for legal
recourse)

Short term forbearance/major invoice dispute

High probability provision for bad debt

Extended terms or prompt payment discounts demanded unilaterally by
a dominant buyer; tactical invoice disputes (with potential for legal
recourse)

Medium term forbearance/protracted major invoice dispute

Late payment with supplier dilution

Extended credit terms with potential supplier dilution (including
provisions for bad debt and potential for legal recourse)

Buyer default in bad faith.

ource: ing late payment,. The Association of Chartered Certified Accountants, February 2015. ©
i?éA 5Pr(|jgh%s resgr\}gg. IP}‘HS content is excl uJeerom our Creat?ve/é)ommons ?lcense. r more
information, see .
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50%

40%

30%

20%

10%

0%

-10%

Annual GDP Change

== Reported obligation as % of GDP == Cleared obligation as % of GDP

-8.9%

1991

52.29%
47.78%
37.01%
7.58% 6.92% 6.24%
2.8% 5.3%
-5.4%
1992 1993 1994

Source: Official Gazette of the National Assembly of the Republic of Slovenia 1993 - 1995

Obligations cleared in Slovenia by multilateral set-off in the 1991-1994 liquidity crisis.




Annual GDP change (%) == Reported obligation as % of GDP == Cleared obligation as % of GDP

30.00%
20.00%
10.00%
2.48% ,

61%15115% 0.959 1.74%1.88%1 38% 1 18%1 019

-61% 1815% 0.05% 01823% 0154% 0:48% 0.45% 0.41% 1.38%1.18%1.01%0.76% 0/63% 0155% 0:43%0.38% 0125%0,18% 0.16% 0.13%
0.00% e
-10.00%

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Source: https://www.ajpes.si/Bonitetne_storitve/Vecstranski_pobot/Porocila

Obligations cleared in Slovenia by multilateral set-off in the 2009-2012 financial
crisis.
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Late Payment Obligations
in a Network,
Directed Edges in a Graph




Trade Credit
Network

For the basic example think of three firms that have accounts
receivable from and payable to each other, as a result of
business. An input supplier, as seller, not yet paid has an account
receivable from the input purchaser, as buyer. This is a trade
credit contract.

The initial situation among Alice, Bob, and Charlie can be
described as follows:
e Alice, Bob, and Charlie are nodes of a graph.
e They have obligations represented as directed edges in a
graph, which are overdue.
e Each edge is weighted with a non-negative value
representing the amount owed and late.
e Allamounts are in the same unit of account.

Detecting a cycle looks simple, but how do we do it in large
networks!

11



Problem
reformulation

To address the complexity of the problem, we convert the issue of finding
individual cycles in an obligations network into a flow problem.

the original obligations network typically lacks balance; this means individual
node inflows and outflows do not match.

In our example, Alice has an inflow of 1 and an outflow of 2, giving her
a balance of -1 due to insufficient inflow.

Conversely, Charlie enjoys a positive balance of 1, as his inflows surpass
outflows.

Bob’s situation is neutral, as his
inflows match his outflows.

12



Balancing with
imaginary liquidity

To balance the obligations network,
for each participant, we introduce
two external nodes to the original
obligations graph: a (s)and a

(t) or target. These nodes help
balance an edge from the source to
Alice with a weight of 1 and an edge
from Charlie to the sink with a weight
of 1.

This ensures all obligation network
participants have inflows that equal
their outflows.

13



Saturating s-t flow

The key to the solution is reached by
identifying a saturated s — t flow from
the source (s) to the sink (t).

By construction, all flows originating
from the source must equal those
reaching the sink. Therefore, a
saturated flow is also the maximum flow
from source to sink that reflect the
capacity constraints of indebtedness.

In this basic example, a saturated flow S '
path from source to sink is (s), (A), (B),

(C), (t) with a value of 1.

14



Finding a Cycle

How to find internal cycles with
offset?

The solution to this cycle detection
problem is obtained by
from the

In our simple example we have one
cycle:

Alice, Bob, Charlie, Alice of 1.

®

1
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Formalizing MTCS with
Minimum Cost Maximum Flow
(MCMF)




Introducing source and sink for MCMF

Initially, the obligation graph G° = (V°, E), where V" represents a set of firms
and E° represents a set of payment obligations. The amount that firm u owes to
firm v is shown as edge capacity c,,. For every node i within V° in the original
graph G°, we define its balance in the following way:

VieV® b= > cu— Y. i
(u,i)EE (i,)EE

We now add source node s and sink node ¢ to form a balanced graph

G=(V,E)
V =VoU{s,t},
E° C E.

To balance the graph, for each node except source s and sink ¢, an edge for
balancing is added either from the source or to the sink.

Vi e V0 {(s,i) with capacity ¢s; = —b;, if b; <0
1 :

(4,t) with capacity c¢;; = b;, ifb; >0 @




Balanced graph

Capacity
Cuv >0 Y(u,v) €FE

Cost per unit flow
Wyy V(u,v) € E

e A source s and a sink ¢
s,teV

Balanced for all nodes except source and sink

ZCUU—ch:O, Yu # s,t

veV veV

V(u,v) € E,

Wyy = 1

18



Apply MCMF to find a saturating s-t flow

The minimum cost maximum flow function f : E — R is defined as follows:

e Satisfies capacity constraints:

Oéfuvgcu'u: V(U,U)EE

e Respects flow conservation (except at s and t):

quv_z.fvuzor V‘U,#S,t

veV veEV

e Maximizes total flow:

maXZfsv :chvzzcvt: maXvat

veV veEV veV veV

e Minimizes total cost:

min Z fuv * Wye

(u,v)eE




Subtract MCMF flow...

bu:ZCvu_ZCuv

veV veV

Let ¢, = cuy — fuv be the residual capacity of edge (u,v). The balance b, for
a node u in the residual graph G’ can be expressed as follows:

/ __E : / __E :I
bu - Cvu Cuv

veEV veV
= Z(cvu - fvu) - Z(CU“ - fuv)
veV veV
_ (Z o= Z) - (Z IS fm) (B)
veV veV veV veV
::&L—-(jzszu“jzzjhv) / \
vEV veV



.. to find a cyclic structure
me— wa = 0.

veV veV

Consequently, for i € V°, we obtain:

b;:bi_(qui—me)ZU—O:O .

veV veV

S
We still need to demonstrate that the nodes s and ¢ in the residual graph O 1
G’ are not connected to the rest of the graph. Balance of a source s in residual
graph is the starting balance minus all the flows from the source:

b;:bs—(me—Zfsv)=—chv—(o—zcsv):o. o

veV veV veVvV veV

The similar goes for the sink:

b, = by — (gf@t—§ftv) —UEZV% - (%ZV%_O) =0 ® —(0) ®



MTCS algorithm




MTCS
pseudo code

The algorithm starts by mapping out all
debts and credits, to add fictitious
"source" and "target" to balance the entire
system.

Then, it figures out the most efficient way
to move fictitious amount from the source
to the target, kind of like finding the best
routes for water flowing through a
network of pipes.

After removing that efficient flow, it leaves
behind a set of circular debts, where each
firm owes money back to itself through a
chain of other firms, which can be safely
"set off," or removed from the system
without any real money changing hands.

Balancing by
adding s,t
nodes

Finding
saturated s-t
flow

Subtracting
saturated flow

23



Balancing by
adding s,t nodes

Net position is imply a difference
between what debtors owe firm and
what firm owes to creditors.

Those with a negative net position
require additional flow from source to
balance.

Those with a positive net position need
to direct surplus flow to target or
liquidity sink.

10:
11:
12:
13:
14:
15:
16:
17:

s < 7source”, t < "target” // define the source and target nodes

for firm in G.nodes do // For each node in the graph
net—pOSition A Zdedebtors(ﬁrm) Gd:f@"f'm
if net_position < 0 then
// Add edge from source to firm if net position is negative
G + GU{(s, firm, —net_position)}
else
// Add edge from firm to target if the net position is positive
G +— GUA{(firm,t, net_position)}
end if
end for

- ZcEcreditors(ﬁrm) Gﬁ"'mac




Finding saturated
s-t flow

If there is no source node in the
network, it means the initial network G
is balanced.

Unbalanced networks can have cycles.

Balanced network can be set-off
completely!

19:
20:
21:
22:
23:
24:
25:

if s € G.nodes then
// Find saturating flow if G is not balanced
sat_flow < min_cost_mazx_flow(G, s, t)
else
// Return empty flow if G is balanced
sat_flow + {}
end if




Subtracting o7 G {}

28: for (debtor, creditor, capacity) in G.edges do // Go through all the edges
saturated flow 29: if (debtor,creditor) ¢ sat_flow then
30: // Add to cyclic structure if not in the maz flow
31: G’ + G'U{(debtor,reditor, capacity)}
MTCS set-off network G’ is a 39 else
subnetwork of obligation network G. 33: // Substract mazx ﬂow from ca,pacity
34: remaining_flow < capacity — sat_flowdebtor creditor
We get G’ by subtracting the 35: if remaining_flow > 0 then
saturating s-t flow from the G. 36: // Add the remaining flow to the cyclic structure
37: G’ G' U {(debtor, creditor, remaining_flow)}
Set-off network G’ is balanced and can 38: end if
be decomposed into individual cycles. 39: end if
So, we also name it Cyclic Structure. 40: end for

41: return G’ e

42: end function



Empirical Setting

Infocert B2B hetworR




Network of trade credit claims

The Data as of December 2020. © Infocert. All rights reserved. This content is excluded from our 28
Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/.



https://ocw.mit.edu/help/faq-fair-use/

Balancing the
obligations
network

Mapping out all debts and credits, to
add fictitious "source" and "target" to
balance the entire system.

The Data as of December 2020. © Infocert. All rights reserved. This content is excldéed from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/ .



https://ocw.mit.edu/help/faq-fair-use/

Monthly MTCS
results on italian
dataset

The results of the MTCS algorithm
presented as aggregated monthly set-
off amounts over two years period
(2019, 2020).

We show the total and the results for
subgroups by firm size and firm net
position.

The results are presented as a share of
total debt each month.

What sets the limits to MTCS?

Share of Total Trade Debt Cleared Monthly

50% -

40% A

30% A

20%

10%

0% A

Total

T
micro

38
B,
e
=1
Ir_ Debltors Credlitors
30

The Data as of 2019, 2020. Source: Infocert.



Obligation network
Scale Free Topology




Average amounts are small (power law distribution)

Amounts (Invoices Issued)

107 4

106 4

10° 4

10° 4
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107 4

101 -

100 -

Distribution of Amounts on Invoicess Issued by Firm Size (2020 Q4)
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Power law degree distribution

Distribution of Firm Degrees by Size (2020 Q4) s Degree distribution 2020 Q4
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Liquidity Injection




Introducing a liquidity source




Injecting liquidity

Start with a balanced network

Create liquidity source by merging
source and sink into one liquidity
source node.

Multiply amounts on red edges with a
factor

gamma from interval [0,1],
to set the liquidity injection level.

Rebalance the network with new
source and sink nodes to inject funds
with maximum discharge of debt in the
network.

90
The Data as of December 2020. © Infocert. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/ .
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Debt cleared - liquidity injection

Share of Total Debt (%)

100% +

80% A

60%

40%

20% 1

Debt Cleared by Firm Size (weighted)

Firm Size

0%

20%

40%

60% 80% 100%
amma
g 37

Source: F.Boissay et al, MTCS - forthcoming



Payment orders outcome and MTCS value added

Share of Total Debt (%)

Payment QOrders OQutcomes

100%

80% 4

60%

40% -

20% A

0%

Cost Categories

= On time
MTCS

— Late

0%

20%

40%

gamma (%)

60%

B0%

100%

16

14 1

124

10

MTCS's value added

0%

20%

40%

60% 80% 100%
gamma (%) 38

Source: F.Boissay et al, MTCS - forthcoming



Why does it matter?




Liquidity comes in
many forms

Efficient discharge of obligations is
possible even if liquidity provided
comes from completely disconnected
liquidity sources.

e Bank credit
e Digital Assets
e Mutual Credit

Subject of further research and
development!

Liquidity provision can be incentivised
by inclusion of premium/discount
scheme to create a liquidity market.

40



Cycles

The Open Clearing Protocol

MTCS blockchain implementation s
TEE Solver |

Cycles is a decentralized protocol for A
clearing, settlement, and issuance, designed ~ TTTTTTTmpTTTmopmoooooes
to overcome payment inefficiencies and 2) Retrieve Intents 4) Balance change notices

reduce working capital costs. & Encrypted Set-offs,
Attestation & ZKP

It leverages diverse liquidity sources,
including crypto, to clear more debt with
less money.

1) Encrypted Intents 5) Verify Attestation &
> Cycles Chain ZKP, Update State

<
<<

6) Encrypted Set-offs

Cycles uses a privacy-preserving
multilateral settlement platform based on
graph optimization, recognizing that
liquidity is accessible through optimized
settlement flows within payment network.

Source:
https://cycles money/whitepaper pdf


https://cycles.money/whitepaper.pdf

CYCLES

The Open Clearing Protocol

CYCLES

Tomaz Fleischman

DA tomaz@informal.systems

Y Gt-fleischman.bsky.social

& cycles.money
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