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I Executive summary

1. Classic Pricing Theory

* Interest rate ambiguities

e Difficulties with market “basis”

2. SCSA Pricing Theory

* Consistent mono-currency and cross-currency markets of hedges with OIS discounting

« Offshore/Onshore basis

3. Credit and Funding Extensions
« CVA, DVA, FVA

« CDS-Bond basis
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Part 1 : Classic Pricing Theory
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ICIassic Theory (1/9): Risk-Neutral Measure (1/2)

— A price diffuses in real world probability space as:

— There exists j=1, ..., d hedge instruments:

— The hedged products diffuses as:

— There should be no arbitrage:

— Hence:
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ICIassic Theory (2/9). Risk-Neutral Measure (2/2)

— Can be rewritten: dV(i) = E}’(t)dB;(t):—r(f)lf(z‘)df

i

dBi(t) = dBf(f)JrZQj‘i(f) (p (t) — r(t)A;(t)) dt
J

— B* doesn’t depend on V!
— Change of probability measure where B* is a Brownian motion: risk-neutral probability

't i L (Te,
o V(t)em ) "5 s amartingale, hence V(f) =E {2 e e r(s)dsl
¢
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ICIassic Theory (3/9). Mono-Currency Market

— Liquid Zero-Coupon Bond

| 1 eI
— - L(t: Ty, 15) = : LY |
LIBOR textbook formula: (t;T1,T5) Ty — T3 (P(l‘.TQ}
— one interest rate curve per currency

— no remaining degree of freedom, everything is mark to market

— Theory consistent with independent markets in each currency, but...
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ICIassic Theory (4/9): Cross-Currency Markets (1/2)

— One cannot fit both foreign swaps and cross-currency swaps with one single foreign
curve

— One then distinguishes one discount curve and one projection curve: foreign zero-
coupon bond are not supposed to be liquid anymore!
— Only domestic zero-coupon bonds supposed to be liquid
— Foreign bank accounts are defined by currency parity:

— Foreign bank accounts E.Jlt r7(s)ds gre assets
. t i
— Then X If/d(f}f'-‘ (rs(s)=ra(s))ds martingales

— Hence FX drift in risk-neutral probability _

dXjs/q(t) = —(ry(t) —ra(t))dt+[...]d B(t)
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ICIassic Theory (5/9). Cross-Currency Markets (2/2)

— How are computed foreign forward LIBOR?
— Take the standalone mono-currency curve as projection curve? Not consistent in the classical
theory, but finally close to the currency buckets theory

— Calibrate simultaneously the discount and the projection curves to fit xccy and monoccy swaps?
Consistent in the classical theory, finally close to case of non-deliverable currency

— Can you accept different pricing hypothesis for mono-ccy and xccy? What about
mono-ccy swaps hedges for xccy swaps: priced as in mono-ccy or as in xccy?

— What is the free bank account rate if it depends on your choice for domestic
currency?
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ICIassic Theory (6/9). Tenor Basis

* Basis swaps between OIS, LIBOR/1M, LIBOR/3M, LIBOR/ 6M, LIBOR/12M: one needs to
introduce one projection curve per index

e Zero-coupon bonds are not supposed to be liquid any more in any currency!
« Again, what is the discount curve to be used?
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ICIassic Theory (7/9). Counterparty Default Risk

— Different default risks for different banks come with different funding rates for each
bank. The standard pricing theory using a risk-free rate for bank account can’t fit

reality!
— Two strategies to mitigate default risk

— Use Credit Support Annex
— Price and risk managed default risk in (residual) unsecured positions
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ICIassic Theory (8/9). One Currency

« Keeping the Standard Pricing Theory, the only hypot hesis that has a

chance to be globally consistent is:
— Impose a Standard CSA in one currency, e.g. USD, for whatever product

— Consistent pricing methodology imposed to anyone is then to suppose one bank account in
USD remunerated at market overnight rate

¢ One can then omit the CSA formula and can simply re  cycle the
usual pricing mechanics

 Hard to believe:

— In practice, everybody knows bank accounts in various banks and currencies are not consistent
with the preceding hypohtesis

— One could not run his simpler mono-currency swap market with Standard CSA in its related
currency, ignoring other currencies
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ICIassic Theory (9/9): Conclusion

— Risk-free rate concept anymore accurate enough

— Risk-free rate based on strong hypothesis of market
resulting somehow weak theory

—Need to re-think the hypothesis of the theory, still us

—Translation:
— Risk-free rate : SCSA remuneration rate
— Fair value : Benchmark values (TOTEM, Collateral marg
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in stable equilibrium state,

ing the same hedging ideas

in calls, live trades)

12



Part 2 : Standard CSA Pricing
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IStandard CSA Theory (1/12): Introduction

Standard CSA in each currency separately for each m  ono-currency
market

Standard CSA in USD for cross-currency trades
Possible to net collateral flows avoiding Herstatt e ffect
Re-hypothecation of collateral

How can this be consistent?

— From the collateral pricing paradigm, we see that the bank account disappears from pricing
result (but still convexity effects)

— Isn't it possible to build a theory directly without bank account?
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IStandard CSA Theory (2/12): Heuristics

— We consider only products with Standard CSA in currency buckets: for derivatives to
be manufactured by banks, and for liquid instruments used as hedges for those
derivatives

— When pricing a derivative, cash posted in hedges collaterals will emulate the usual
bank account, and compensates the collateral of the derivative

— Any product is a position to market risk only, not an investment

— e.g. if one buys a zero-coupon bond at a given price, the counterparty immediately has to post
back the price as collateral: there is no cash transfert at inception! Only margin calls depending
on market moves

— Instead of using currency parity, we use tomorrow-next contracts
— SCSA solve all ambiguities about discounting
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IStandard CSA Theory (3/12): Changes in Pricing Theorem (1/2)

* For a chosen domestic currency ‘d’, there exists a
probability space called risk-neutral, such that:

— The domestic value of a product with SCSA in domestic d Ay(t) = iAd(f_} -d Ed(f) +rg(t)Ag(t)dt
currency diffuses like:
— The spot exchange rate for a foreign currency ‘f’ diffuses like: d Xf/d(f) ~ .
— The foreign value of an product with SCSA in a foreign Relly ~ 0xy/a(t) - d Ba(t) — yga(t)dt
currency ‘f’ diffuses like: ~ B
dX;at)As(t) = Xgalt) (EAJ,(U n Af(fjc‘fxm(f)) .d By(t)

+ (rp(t) — ygpja(t)) Xgsa(t)Ap(t)dt
Notations: Explicit the lambda
— Overnight Rate in currency ‘c’:
— Tom-Next spread defined at time ‘t": Yyl

— Pay at time t+dt T — () A1) Xy ()
— Receive at time t+dt .
}'-,I",."n'l-r"' + d |".}|
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IStandard CSA Theory (4/12): Changes in Pricing Theorem (2/2)

— No « bank account » or « default-free counterparty » or « defaultable average
counterparty » with kind of « risk-free rate »
— No need for stable equilibrium of market hypothesis: weaker hypothesis

— No constraint between overnight rates of different currencies because of cross-
currency swaps, instead we have introduced the actively traded « tom-next » contract

— No liquid zero-coupon bonds

— Not one numéraire, instead martingales are built depending on the currency of the

SCSA:
— Domestic SCSA: Ag(t)e—[Fra(s)ds
— Foreign SCSA: Xga(t)Ag(t)e™ Jfrs(s)ds+[ yssa(s)ds
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IStandard CSA Theory (5/12): HIM Framework extended to SCSA

— As a concrete example, HIM framework can be extended with:
— Gaussian dynamic of forward Overnight Rates in all currencies
— Gaussian dynamic of instantaneous forward rates in cross-currency discount curves
— Gaussian dynamic of forward LIBOR in all currencies
— Lognormal dynamic of spot exchange rates

— Rather “different” than “complex”, markets uses more complex maths
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IStandard CSA Theory (6/12): HIM Formula

dr(t.T) = S, (L. T)-dB(1) +p (£.T)dt
drjg(t. T)= I, (tT)-dB()+p! (t.Tdt
d lel."[“}l _

_ Ao (B -d B + 0t (F1dd
Nypalt] xpalt) - d BE) + 0, (1

CLex(LTp)= Sy (.Te)-dB(0)+ pf (1 Tpidt

1]"
;afﬂ[t. 1) = E,d (t. 1) / E,.d[t.'u,]lclfu
t
T
1-'-:{. (t.T) = i,.]_(.‘.. Ty- ([ f”.(i‘.. ) —c:Tr’xw(r.]>

T

] .fm(f.. T)= %, (t.T)- (f f,.J.N(I. w)du —a:J'r',\L-w(i‘.]>
¢

vy, (t) = —ypialt] = —(ryalt) — rat]))

A
f"i;t..!‘,-h(fj = EL,;I;._I}.-}“] j f,.ﬂﬂt.u]{lu
t

T
;I‘i;:_].f_}(f]l = iLJ-i._I‘_-.-} It - (/ i‘_}.{f. w) ol _{?'Y,l.-‘d(f:l)
Ji
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IStandard CSA Theory (7/12): Convexity (1/5)

With HIM we have set the dynamic for:
— Al mono-currency overnight and LIBOR indices with SCSA in local currency
— All foreign exchange rates against domestic currency
— All foreign discount factors with SCSA in domestic currency

The following should be computed from the SCSA theo ry with the above dynamic:

— Forward overnight or LIBOR indices with SCSA in non-local currency, including foreign indices with SCSA in domestic
currency as for liquid cross-currency swaps

— Discount factors in any currency with SCSA in non-local which is not domestic currency

Free and Discount Forward Overnight Forward LIBOR

Constrained

quantities usD GBP EUR usbD GBP EUR usbD GBP EUR

SCSA | USD Free Free Free Free Const Constr | Free Constr | Constr
GBP Constr | Free Const Constr i:'ree Constr Constr i:ree Constr
EUR Constr Constr ifree Constr Const i:ree Constr Constr i:ree
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IStandard CSA Theory (8/12): Convexity (2/5)

. [ _ o g i S
Expectation Xs/a(t)Prjalt, Tp)Lysa(t. Tr) = E JXf/d(TP)Lf/d(taTFJC_"DPrd(b)d]

Related known exnectations:

Xpa®Pr(t,Tp) = B [Xp/a(Tp)efo” (rr@vpa)as]
“Yf/'d(t)Pffd(fTP) = E _“er/'d(lTP)fﬂ_fD P-Td(S)dS]

Mi(t) = Xf/d(t)Pf(tTP)Lf(t'TF)E-_.flgt('rf(s)—yf/d(-g))dS
Useful related martingales: My(t) = j{f/d(t)pf(t-TP)E—I['Ut(rf{s)—yffd(s))ds

Ms(t) = X”d(t)pm(tTp)e—.{;fpms)ds

Xysa(t)Prra(t, Tp)Lysa(t,Tr) = E[F(Tp)]
M (t)Ms(t)
: F(t

Then: (1) i
Where:
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IStandard CSA Theory (9/12): Convexity (3/5)

Denoting:

We get:

Hence:

Supposing simpl 4 £ (t)e”

Finally:

d F(t)

(1(t)

G p(u)du

F(t)e—J nw)du
F(t)
E[F(Tp)]

7/all) T Tpy( 10 (1)
ﬁX;/d(ﬂ s Epf/d{.,Tp)(f)

_(TP - t)pL‘f‘szdgLszf/d
E_!tﬁb(u}dur—f(:{_] ng(f}

£ [F(TP)E_ITP ﬂ(u)du}
F(f).c_‘--rTP p(u)du
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IStandard CSA Theory (10/12): Convexity (4/5)

(Tp—1)2
e o

)
Lyjat) = Ly o Phres/a®r®ea

 LIBOR: 5%

 LIBOR log vol: 15%

* Basis normal vol: 0.1%

« Correlation: { -25%; 0%, 25%}
* Expiry: 10y

e Corrected LIBOR: {0.94 bp; 0 bp; -0.94 bp }
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IStandard CSA Theory (11/12): Convexity (5/5)

« Simple rules when ignoring convexity effects:
— Forward overnight, LIBOR and exchange rates are independent of the SCSA currency
— Prices got from:
— Compute payoffs with mono-currency forward rates

— Convert in SCSA currency with forward exchange rates
— Discount with overnight rate of SCSA currency

« Convexity effects induce more market flexibility
— Without convexity, cross-currency OIS and cross-currency LIBOR basis swap spreads would be
redundant market data
— With convexity, those two basis spreads are not redundant
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24



I Standard CSA Theory (12/12): BRL Market

BRL overnight rate: CDI

Liquid instruments:

e Onshore:

* DI Futures: give onshore CDI projection curve

» US Dollar Futures and DDI Futures: give USD discount curve funded at CDI
» Offshore:

* NDF: give BRL discount curve funded at FedFund

* IRS: give offshore CDI projection curve

Compared to EUR or GBP case, we add:

» An offshore CDI projection curve, as if convexity on top of onshore CDI projection
curve was mark to market

A USD discount curve funded at CDI, as if convexity on top of the discount rate
deduced from BRL discount curve funded at FedFund was mark to market

Remarks:
* No need for virtual USB or BRD currency
* No need for virtual USD/CDI/1D index
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Part 3 : Credit and Funding Extensions
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I Introduction

 Legacy CSA with collateral were defined to reduce credit risk
without adding complexity to pricing
 Today, the impact of collateral specificities is material
- Two routes:
1. Develop complex pricing mechanics to price legacy CSA features

2. Simplify legacy CSA features to get the initial objective: reduce credit risk
without adding pricing complexity
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ICVA And DVA Extensions (1/3)

Suppose a cash collateral but not necessarily full (one-way CSA,
thresholds, etc...)

Pricing formula as deviation from SCSA case

In this set-up, products with full cash collateral are the rule, other
products “anomalies”! The issue is not when a produ ct has a
collateral and needs to raise/hold cash for it, the iIssue is when a

product has not a full cash collateral!
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I Risk-free Rate Viewpoint

Vi(to) = Vsesad(to) — CV A(tg) + DV A(ty)

CV Alto) / Plto,t)e JioTsosara@dsy o A o(t) Lep(Vaosaalt) — Ca(t)) d
to
DV A(to) / Plto, t)e JeoTs0s47a(3)d Lyye)<0Aus(t) Lus (Ca(t) — Vscsaa(t)) dt
Pﬂ.epl.(fﬂe t) (1Vd(s}>o)\cp( ) Lep+1v,(s)<oAus(8)Lus)d s
Pscsa(to.t) = e_J;o Praplolinduis(e)lcte
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I Pure FVA Viewpoint

Ir;i(fo) == LSC&;A d llg OV *l(t(}) —+ FLZ%(ZL(]) = CTOL’T;i(ZL.{})
CVA(ty) = f Pl(to.t fto ra S)dglvd(t)>g/\cp(f)l] (Vecsaal(t) — Cy(t)) dt

t

CoVA(ty) = f P(to. t 0T (s)ds(, rscsajd(t) —rega(t))Calt) dt

t

FVA(t,) = / Plto, t)e 0 O (rgosa/a(t) — rpja(t)) (Vsesaalt) — Ca(t)) dt

Ca(t) Vscsaa(t) — Calt)
a(t) rojdalt stmd(ﬂ 'F/d Veosaall)
PH.epl.(tD-, f) = e fto Ly (s)>0Aep (s)Lepds

o Jig Aer(s)ds
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I CDS-Bond Basis Viewpoint

Vilte) = LSCH i (tg) — CV A(tg) + DV A(tg) + CoV A(tg) + BasisEF'V A(ty)
CVA(ty) = f Plto,t)e 0 01 o 0Aep(t) Lep(Vsosaalt) — Calt)) di

DVA(to) = E f Plto, ) ) o) s (Calt) — Vsosaalt))
CoVA(ty) = / Plto.t i Tal®) ('J‘SCSA/d(t)—'?‘C/d(f))cd(t)dt

BasisFV A(tg) = E/ P(foet)ﬁ'_h” T S(’T'SCSA/d(t) — (rF/a(t) — Aus(t)Lus))(Vscsaa(t) — Cy(t)) d t
to

de f) '[ (‘1‘

ra(t) = roa(t)s ( + (Frrall) — Xaalt) Liss) scsaalt) — Calt)
Vscsaalt) Vscsaalt)

Prepl. (o, t) = e~ Jio (g (9)>0Xep(8) Lept1v () corus () Lus) d s

Pscsa(to, t) = = JigPep(8)HAua(e)) d s
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Disclaimer

This document is issued by HSBC France (“HSBC”). HSBC France is a member of the HSBC Group of companies (“HSBC Group”) and authorised by the Autorité
de Contrdle Prudentiel et de Résolution (“ACPR”) and regulated by the ACPR and the Autorité des Marchés Financiers (“AMF").

HSBC has based this document on information obtained from sources it believes to be reliable but which have not been independently verified. Any charts and
graphs included are from publicly available sources or proprietary data. The valuations provided are for convenient reference and information purposes only. You
are solely responsible for making your own independent appraisal of and investigations into the products, investments and transactions referred to in this
document and you should not rely on any information in this document as constituting investment advice. Neither HSBC nor any of its affiliates are responsible
for providing you with legal, tax or other specialist advice and you should make your own arrangements in respect of this accordingly. The issuance of and
details contained in this document, which is not for public circulation, does not constitute an offer or solicitation for, or advice that you should enter into, the
purchase or sale of any security, commaodity or other investment product or investment agreement, or any other contract, agreement or structure whatsoever.

The enclosed valuations of derivative transactions may have been derived from proprietary models based upon well recognised financial principles and reasonable
estimates about relevant future market conditions and may reflect certain other financial factors such as anticipated profit or hedging, transactional, and other
costs. Valuations based on other models or different assumptions may yield different results. Such valuations are not a reliable indicator of future performance.
Except in the case of fraudulent misrepresentation, HSBC France expressly disclaims any responsibility for (i) the accuracy of the models or estimates used in
deriving the valuations, (ii) any errors or omissions in computing or disseminating the valuations, (iii) any uses to which the valuations are put and (iv) any loss or
damage arising out of the provision or use of this information (including, without limitation, incidental or consequential damages). HSBC France is under no
obligation to keep current the information in this document. No part hereof may be reproduced, distributed or published by you for any purpose without the prior
written consent of HSBC France

This presentation is not a “financial promotion”.
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