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Triennial Central Bank Survey of FX and OTC Derivatives Markets in 2025 (X Hsse

Foreign exchange market turnover by instrument’

Net-net basis, daily averages in April Graph 1
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 Adjusted for local and cross-border inter-dealer double-counting, ie “net-net” basis.

Source: BIS Triennial Central Bank Survey. For additional data by instrument, see Table 1. © Bank for International Settlements

Source: Bank for International Settlements, 2025
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Stylised Structure of the FX Market
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PTF
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EB = electronic broker; LA = liquidity aggregator; MBP = multi-bank platform; PB = prime broker; PTF = principal trading firm; RA = retail
aggregator; SBP = single-bank platform; VB = voice broker. Dashed lines indicate voice execution; solid lines indicate electronic execution.

Source: King et al (2012), augmented by adding LA to depict liquidity aggregators and PTFs in their roles as both clients and intermediaries.

© Bank for International Settlements

Source: A. Schrimpf and V. Sushko, BIS Quarterly Review, December 2019
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Round Trip Time (ms)

FX liquidity landscape: global, fragmented de-localized X Hsse

® De-centralization: multiple liquidity sources around the globe = Specifics of Liquidity Sources

® Technological requirements for liquidity providers; co-location in ® On/Off Sef: Liquidity type may change during the day

several centres ® Mid books, post trade compensation practice

" Natural geographical latency ® |ndirect Liquidity: CME futures
® Firm and non-firm liquidity: ® Volume and Order Book Uncertainty:
® Non-firm venues allow for last-look practice ® Historical and real-time volume information is incomplete
. o ® |cebergs with minimum visibilit
® Throttling and Randomization: 9 Y

¥ Liquidity Recycling
®  Certain data feeds are throttled

) ® Different tick and lot sizes
® Credit screened feeds are slow
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FX liquidity landscape: latency
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Motivation P Hsec

Clients LP Interbank Market

Y I
()

. i =
—P]I[[—P t =

G
OTC AE
Internalization Externalization
+  Making spread +  Certainty of execution
- Flow uncertainty, risk - Transaction cost, market impact

4 Understanding the role of liquidity conditions, trading styles and controls within a single framework
4 Understanding client tiers

€ Academic literature only addressed either pure OTC market making or algorithmic execution

4 Multi-currency valuation challenge and the curse of dimensionality
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Understanding Client Flow

(X vsec

Sy reference market price

Sb(t,z) = 5;(1—d%(t,z)) quoted bid price

So(t,z) = Sy(1+4%(t, z))) quoted ask price
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Client Tiers by Clustering

Normalized Intensity

Tiering
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Algorithmic Execution Calibration

Impact Amplitude (a.u.)
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Avellaneda-Stoikov meets Almgren-Chriss X Hsse

€ M. Avellaneda and S. Stoikov, High-frequency trading in a limit order book, 2008.
€ R. Aimgren and Chriss, Optimal execution of portfolio transactions, 2001.

Ofivier Guéant

The Financial Mathematics ; [ JRITHMIC
of Market Liquidity AND HIGH-FREQUENCY

From Optimal Execution 1o Market Making . “
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HSBC FX Research Initiative
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Stochastic Optimal Control

P Hsc
Inputs Controls
¢ Random market price with known volatility # Bid/ask pricing &b (t,2), 697 (t, 2)
@ Client flow intensity and size distribution (jump process) @ Interbank hedging rate Ut
& Cost and impact of interbank trading
Price: dSt = UStd];{'rt + kaS;dt
volatility  mauwket impact
_.".," [ ] _.".," [
Inventory: dg; = Z / 20" (dt, dz) — Z / 2J*M(dt, dz) + vedt
=10 =10
client flow hedging
N e al N o0
Wealth: dX; _ Z / Sﬂ'n{fi, z.)z.l}u.ﬂ{dt! dﬁ} . Z / Sb'n(t, 2'}2'.}-&"“{{&, &IE) o 'II;StdlL . L{I-‘t}gtdl".
n=1,"p n=1,"0
spread capture trading cost
! T
Obijective: E | Xt +qrSt — 5 / q2d[S]; ¢ Maximizing wealth while minimizing inventory risk
Jo
P&L Risk
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Hamilton-Jacobhi-Bellman

Notations:

~=CSy risk owersionw

HJIB PIDE:

N

T =1 s

0 — C)@(f q 0—2q2+ZfZHn (‘9(IL q (T'Q+Z)>/\”(z)dz

n= 10
N7 (t.q) — 6(t,q— 2)
Zfzﬂn( q q
Z
n=1l7

with terminal condition #(7’,-) = 0, where

H" :pe R supf"(0)(0 —p)
1)

Optimal Controls:

) N (z)dz + H (9,0(t, q) + kq) .

client pricing signature

Y(t,q) € [0,T) x R

and H:peR —sup(op— L(v)).

Jb'ﬂ*(f.z) _ 5 (H(T qt— ) g(tqt— + 2)) :

z

A

6@.?1*(1‘1 Z) _ O’ﬂ (Q(f (I't—) B H(t Jt— — Z)) :

and

v =H (040t qi—) + kqi—)

where 5’”(p) = (f”)_1 (—H”’(P))-
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Optimal Strategy

Bid and Ask Quotes (bps)

Optimal Dealer Strategy
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Convergence P Hsec
Optimal execution rates as a function of time for different values of the inventory
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Quadratic approximation

P wsic

Hy(p) = Hy(0) + HA(O)p + 5 HA(0)p?

H,(0) =6,f(),  HL0)=—f(3),

gn = argm?xéf(é}

Riccaty

6(t,q) = —A(t)q" — B(t)g — C(t)

. 1
A= —Ewﬁ + 4h A%,

N oo
h=Y" j; H(0)A,(2)zdz

n=1

B=u+4hAB,  A(T) =k,

H2(0) = £(5)/(85)
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Volume Share and Risk Neutralisation

Volume Fraction
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Efficient Frontier
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Multi-Currency Risk Management

Challenges:

& Each currency pair provides a valuation of one currency in terms of the other
€ Multi-dimensional HIB numerical solution is not scalable

Market Prices: (Sg)te[gflj ceay (S‘E)te[ﬂ__g—] Stl =1forallf e [0, T]

Jump Processes: J0I(dt, dz)

A”'i‘j(z,é) — \"id (z:]f”-i-j (z,6) with f”‘i‘j(Z,ﬁ) = !

1 + ean.i.j (z)+3111;(2)6

Execution Processes: ( 5;1 )
te[0,T]

Exchange Rate Dynamics:
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drift volatility mowket impact
Inventory Dynamics:
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Optimisation Problem

Cash Account Dynamics:

N
dXe=>_ Y /&ER* 20" (4, 2) T (dt dz) — Y L (gtﬂ)

n=11<:1#£;5<d 1<i<y<d
spread, capture executiow cost

Inventory Processes Measured in Reference Currency:
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dY} = (Y dt + o'V dWi+k [ Y &7 = &' | Vit
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Optimal Pricing 4P Hsec

Optimal Top of Book Quotes
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Optimal Execution

Execution Rate (M$ s 1)

Optimal Externalization Strategy

—0.2

—0.4-

—— JPYUSD

CHFUSD
—— GBPUSD
—— EURUSD
—— CHFJPY
—— GBPJPY

GBPCHF
—— EURJPY
—— EURCHF
—— EURGBP

EUR GBP CHF JPY

-0.6

1.0
B =l ..

-0.4

ml
0.0

JPY CHF GBP EUR

—100

—75 —50 —25 0 25 50 75 100
EUR Inventory (M$)

Source: BBG, Risk, 2023

PUBLIC



Multi-Currency Risk Neutralisation
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Co-integrated Liquidity (Precious Metals, NDF)

Implied
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Nested Ornstein-Uhlenbeck (two-factor Hull-White)

Robustifying pure OU

dS, = ogdW?,  ag>0 Spot
dE; = —kg (E; — D;) dt + opdWE, kg,op =0, EFP

dD, = —kp (D, — D) dt + opdW,”,  kp.op >0, DeR,

dgy = f 2 JP(dt, dz) — fz.}'“{dt,dz}+arfdt, Inwentory
z=0 =l
dgt = vldt.
dx, = f S9(t,2)2J9(dt, dz) fsb{z 2)2Jb(dt, d2) — v5S,dt — LS(v5)dt — oF Fydt — LF (uF )dt,
E [—exp (—y (Xr + a7 St + 4t Fr — K°(a7)* — K" (¢1)?))] CARA
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Bid and Ask Quotes (bps)

Pricing P Hsec
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Risk Relaxation Components

Position (0z)
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Capitalizing on Mean Reversion

Execution Onset
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Co-integrated Liquidity Demo
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Implied - OTC FWD
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MTM (normalized)

Informational Risks
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Dealing with Informational Risks (X Hsee

Base quotes:

First order
price reading
response:

First order
adverse selection
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Pricing Adjustment

Bid quote adjustment

Price Reading
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Optimal Risk Management with Price Reading (X Hsee
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