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In this article we gather a few facts about dist¢ooarve construction used for
derivatives pricing and its current state of the aard we address issues surrounding

basis swap adjustments.

1. Introduction

The derivative industry has been struggling withtejua few paradoxes in the last
decade. One of the simplest is how to discount dlasts for a given currency in a
consistent framework regardless of which tradeigioates from. This recurring issue
comes with the joint existence of the cross curydrasis swaps and plain vanilla swap
markets. In what follows we will show that the apgeh of valuing both instruments
with a single discount curve creates arbitrage betwthe two markets. Therefore there
is a need even more than before to set up a frankewioere both instruments can be
valued to par without inconsistencies. This neeelvisn more pronounced at the date of
writing since in the recent months basis swap sizdéave reached dramatic levels and
their effect on valuing and hedging interest ragFivétives can not be neglected
anymore. In the graph below we show the evoluti@ween january 2007 and
mid-november 2008 of JPY/USD cross currency basmpsspreads for the one year
and ten year maturity as well as money market basep spreads for the one year

maturity for JPY Libor 3M/ Libor 6M and USD Libol\&Libor 6M. In all cases we can
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see that in the first half of 2007 both types o$ibswaps vary very little but in the
middle of summer 2007, when the credit crunch sthrtheir start to vary at an
increasing speed in huge magnitude from then to-moiember 2008. This alone
justfies a more through analysis of whether it édevant or not to include these

instruments in constructing a consistent discounte methodology.

Cross Currency Basis Swap Spreads
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This paper is organized as follows. In the firsttia of this document we will describe
both plain vanilla swaps and basis swaps and peogome justification for their
existence. In the second part we will describepifblem generated by the one curve
valuation framework. The third part will describeganeral self consistent framework
for valuing both types of swaps. Then we will désera general bootstrapping
methodology that can be applied to build both csisenultaneously. The last part will
extend the framework to the joint existence of srasrrency basis swaps, plain vanilla
single currency swaps and money market basis sWwépslso provide one appendice
where we describe how to derive forward rates ffatares prices, i.e. the so called

futures FRA convexity adjustment.

2. Plain vanilla single currency swaps and basis svaps

A plain vanilla swap is an agreement between twontgrparties to exchange fixed rate
payments over floating rate payments over a gieegth of time. Floating rate payment
would most typically be based on short tenored tsSb@ month, 6 month). For each
currency there is a prefered tenor: that would brodiths for USD and 6 months for
JPY. The floating leg would generally pay at a freqcy which agrees with the
underlying tenor i.e. 3 month Libor would be paidiaterly, 6 month Libor
semi-annually. The fixed rate can be paid on sewhfiit frequency. In the rest of this
paper we will assume without loss of generalityt titeed and floating rate payment
frequencies coincide. Because both legs of a pfamlla swap are denominated in the
same currency there is no initial and final excleang notionals. Plain vanilla swaps

enable their user to hedge their floating rate sxpe.



The term basis swap describes a general class agsswhere both legs are floating.
They can be single currency swaps where two coateeg will for example exchange
a floating rate index against a different floatirage index. For example some basis
swaps will exchange a T-bill rate versus a 3M Likate. Others will exchange 3 month
Libor against 6 month Libor. The latter are callmdney market basis swaps. Cross
currency basis swaps consist of exchanging floatag payments denominated in one
currency against floating rate payments in an aatbrrency. A typical example would
be a USD / JPY basis swap exchanging 3 month JBYrl# spread against 3 months
USD Libor + spread. Typically the JPY floating ragayer would borrow a notional
amount in JPY and lend to the USD floating rateepape equivalent USD amount
converted at the FX rate prevailing at the dateaafe inception. On final payment date,
the two couterparties would exchange back the saxaet notionals. Cross currrency
basis swaps enables couterparties to swap theitirftp liabilities and assets from one
currency to another one. Generally the most liquass currency basis swaps involve a
base currency (most commonly USD). A fair crosgengy basis swap trades flat on
the base currency (no spread over 3 month USD ).ibgainst the foreign floating
index plus spread. This spread reflects both theidity premium there is for the
foreign currency over base currency as well asitcredrthiness of foreign banks over
base currency banks. Similarly money market baseps will have the short tenored
floating leg trade at a spread over the longerrtédanonths Libor flat over 3 month
Libor + positive spread). This spread reflects higher probability of default for a six
month loan based on 6 month libor which is builthe 6 month Libor quote compared
to a 3 month loan rolled over for another 3 morthsed on 3 months Libor. For a

money market basis swap to be fair the 3 montherlig has to trade at a spread over



the 6 month libor leg.

For a more detailed treatment on swap conventiomsefer the reader tdlat]. For
deeper analysis of the meaning of money markestseaps and cross currency basis

swap we refer the reader to respectiy&lyck] and[BIS].

3. Pricing framework

Firstly we will denote a default free domestic disnt factor at time in currencyk and
delivery T by P*(t,T). When there is no ambiguity about the currencywilé just

drop the superscrift We also define the spot Libor rate at tifpfor payment dat€ as
the rate of return of the following investmenttiateT, buy 1 unit of the discount bond

with maturityT,and get back 1 at tinTe. By definition we have:

LT T) = ETO ( P(Tt,Tl) 4}

We now consider the instruments called Forward Regeeements (FRAS). They

consist of an agreement to exchange at a futueddafixed rate paymeit against a
the spot Libor rate fixing a future tirfigand covering the pericﬁiﬂo,Tl]. Assuming a

notional of 1 unit of domestic currency the payafftime T, of this contract to the

floating rate receiver is:

v (Tl) = (L(TO’Tl)_ K)(TI_TO)



Relying on the usual non arbitrage arguments, &heevof this contract at time is:

V() =P(LT)E:[V(T)] = P(tT) EM [ (L(ToT) - K) [(T-T))
= P(t,Tl)(ETl[L(TO,Tl)] - K)(Tl_TO)

where E[Tl[ ]denotes the expectation operator undeT, tleeward measure. We recall

that under th& forward measure, the numeraire is the price oflteeount bond which

matures at timg .

Using the terminology introduced [Mer], we will callF (t,T,,T,) = E* [ L(T,,T,) |the

FRA rate.
Assuming no arbitrage,no couterparty risk and qoidlity shortage the floating leg part
of the FRA is equivalent to being long a discounnd maturing at tim& and being

short a discount bond maturing at tilpeWe deduce:
P(t’Tl) F (t'TO’Tl) (Tl_TO) = P(t 1T0) a P(t 'Tl)

We use this result to derive the value of a plainiNa swap. Let us consider a swap rate

paying Libor at timd,,T,,..T, against a fixed rat&. Assuming a unit notional the

value at time of such a swap to the floating rate receiverragtiis:



We define the annuit;A(t):Zn:P(t,Ti)(Ti -T.) . Using the above replication

i=1

arguments for FRAs we simplify the expression fo? (t) as:

VE(t)=P(t,T,) - P(t.T,) - KA(t)

The swap rate is said to be “at Par” at tiniieits value is 0. In such case the fixed rate

K, which we denote b@(t)from now on is called the par swap rate at timend is

obtained through the following expression:

We now consider a cross currency basis swap wéhséme length as the above plain
vanilla swap and where the foreign leg is the sanreency and that the foreign Libor
tenor is the same in both swaps. However it ismegessary to assume the USD floating
leg has the same USD Libor tenor as the foreigortét for the sake of notation
simplicity we will do so. We assume that the baggency is USD. Futhermore we
assume there is no liquidity nor credit issue an 8D leg (okay | admit it this is a

fairly arguable assumption these days). From nowverwill denote respectively the

foreign and USD discount factorsRs(t, T)and P'® (t,T). We will denote byS(t)

the FX spot Libor at timéexpressed in foreign units per USD unit.



To the foreign leg receiver the foreign vaINé"S(t) of a the usual basis swap trading

flat on the USD leg and carrying a sprespcbn the foreign leg at timeassuming one

unit of USD notional is:

V)=S0 1- 3P ()R (T, )T P )

With the above assumptions we know that the USDrédges to Par i.e.:
1—Zn: PU (¢, T ) FU® (T, T) (T, - Too) —P*2(t.T,)= 0
k=1

Therefore the expression for the basis swap vatoplifies to:

The basis swap is said to value at Par at tithis initial value is 0. In this case:

Ve (1) =P (LT)(F' (LT.T) +p) (T -T) + P (1T,) -1

k=1

Assuming no arbitrage, if the initial assumptions onligoidity issue, no couterparty

risk were true then we know we would also have the fafigunequality:



P (LT)(F (LT T)) (T ~T)+P' (LT,)-1= 0

k=1

Therefore the only admissible basis swap spespadiould be 0. However the market
quotes both par plain vanilla swaps and basis swap mathzero basis spread. We

conclude that it is not reasonable to write:

P(t’Tl) F (t'TO’Tl) (Tl_TO) = P(t 1T0) - P(t 'Tl)

WhereP(t, .)Would be a unique discount curve. In what followsshiew how to move

away from the one curve methodology in a theoreticallynd two curve framework.

4. Two Curve methodology

Since we have to divorce the knowledge of proper disctﬁmrtbr(P(t,T))from

knowledge of FRA rateF (,T,,T,)), we could consider having two curves to

interpolate from: a discount curve and a FRA rate curve. dter lwould have FRA
rates as the primary interpolated variable. However sinceawerage periodrl, —T,is

not going to be constant due to calendar conventionsloing so we run the risk of
interpolating on rates with non perfectly homogenousre A reasonable way to
circumvent this is to mirror the one curve framework stiltldefine FRA rates in terms

of artificial discount factors. We call this set of fichl discount factors the “forecast

curve” and denote them ()9* (t,T)). In [Mer], the FRA rate is related t® in a

“discount curve” style such that:

10



F(tT.T)= 1 ( P (tT,) —1}

T-To\ P (tT)

whereas infBoe] this relation is of “mixed discount forecast” naguln this case the
rationale is that the value of the floating legtlué FRA should coincide with the value
of the strategy long, discount bond shofidiscount bond if their prices were obtained

from the forecast curve. This would lead to:

Whether one should choose a representation is quittérary and will have a real
impact only on the price of off market swaps. Weide here without loss of generality
to stick to the first formalism.

Now that notation has been set we can engagehatourve construction algorithm per
se. The trading date will be identified by the calar timet.

We will start with the following setting. We coneid a set of swap fixing dates

(T..T,,...T,) regularly spaced so that for all indides T, -T,_, =7, corrresponds to a

constant libor tenor. The case where swap fixirngslare sparse rather than regular will
be treated afterwards. We  also assume that  discouf#ctors

(P(t,Tk) P (t,Tk))Osk _ are known.

<

Furthermore we assume that the floating leg oreddreign plain vanilla swap has the

11



same Libor tenor as the floating leg on the forligD basis swap. This is not
necessarily the case but we can always go badhkidcsituation by the use of money
market basis swaps.

We also assume that par cross basis swap matuatidspar plain vanilla swap
maturities coincide perfectly. We will see laterwhave can relax all of these
assumptions.

The market provides quotes for the above plainllasivaps and par cross currency

basis swaps respectively through the values obpsis swap sprea@‘spi )KiST and par

swap rates(S)

I<ign ”

Using our two curves framework and the market guote get the following equalities

DjD[i,...,n] Sjip(taTk)(Tk_Tk—l):j_
0[] Y PET)(FET, 1) +9,)(T-To) = 1P T)

k=1

P(t.T)F(t T T)(T -T)

We can then deduce the whole set of discount amtdst factors for both curves using

the following bootstrapping algorithm:

Forall jin[i,...,n]
j-1

1_(51 +spj) P(t.T) (T —To)

12



From the above recursive expression we note theepce of basis swap spread

sp._,which is not quoted by the market. However if wéirgeit from the already known

discount factors:

i-1

S PT)(F(E T ) +s00) (T —Te) =1-P(.T_)

K=

Then the bootstrapping algorithm described abopeitectly determined.
Now let us consider the case of sparse maturitiesther words we find ourselves in a

situation where the market does not provide liqqudtes for all the maturities between

T,and T, ;where 0>1. We assume that all both set of discount factorstimes
(Tk)Eijare known. Then the above bootstrapping methodotzgy not be applied.

However we can generalize it by assuming thatnédirmediate discount factors can be

interpolated from the set of known discount factorsespectively:

(P(t,Tk))Eksj (P (t,Tk))Eksj and the one we wish to solve f®(t,T,,;),P (t.T,.,).

We call f,f these interpolating function. We can write:

OkO[j+1,j+5-1] P(t,Tk):f(Tk (PtT)).., Pt ,TM))
P (tT,)=f (Tk,(P* (t’Tl))Jslsj P (t ,Tj+5))

The bootstrapping algorithm becomes:

Knowing (P(t,Tk))Eksj ,(P* (t’Tk))

1<ks ]

13



Find P(t,Tjﬂ,) P (t,Tj+5)such that:

j+d

j+d

SO P(tT)(T ~Teu)= kz P(t,T)F(t. T T)(T ~-Tn)
k=1 =1

+J

P(t’Tk)(F (t’Tk—l’Tk)+Sp| )(Tk _Tk—l) =1- P(t ’TJ'+5)

1

F(LT L T) = [ P (t.Ts) _1J

T -T| P (LT)

=
1

OkO[j+Lj+o-1 P(tT)=f (Tk (P(tT)),., Pt ’Ti+f’))

P (LT) = f (Tk,(Ff (t’-ﬂ))]slsj P (t,TJ-H;))

5. Bootstraping with money market basis swaps

In the general case vanilla swaps and cross cyrremaps will share the same Libor
tenor. For example JPY plain vanilla swap assur@bld. ibor tenor whereas USD/JPY
cross currency basis swap assume 3M for both USDJBY Libors. However this is
not necessarily an issue since there also is aan&wk single currency JPY 3M/6M
basis swaps which enables to reexpress the flokgngf 6M plain vanilla swap w.r.t.

as a 3M Libor floating leg. We now define repedtyvine 3M and 6M forecast curves
P (t,.),P*™ (t,)and their respective FRA rates & (t,.),F® (t,). Note here

that we dropped the pay date in the definitionhef ERA rates since the superscripted

tenor already contains the information on the patedLet ‘s consider a par 3M/6M

3M ,6M
n

basis swaps with maturity, and trading at a spreadb, and assuming that the 3M

leg pays on the scheduld,,T,,....T,)

By definition we have:

14



n n/2

Y P(LT)(F™ (6 T) + o ) (T, ~Te) = 3 P(t,To ) F™ (6, Ta o) (T~ T )

k=1 k

Changing the tenor of plain vanilla swap will ceeatset of parse swap maturities for
plain vanilla swap maturities. However we saw howwootstrap the forward curve in
this context.

The bootstraping equations becomes for the 3M @olency swaps and plain vanilla

swaps:

2 i+

S kzl: P(t.T,)(T -T) = kZ; P(LT)(FY (t.T0) + 5515 ) (T, - T)
j+d

S PLT)(F™ (tT) + 0 ) (T, ~T) =1-P(t.T,.,)

k=1

*3M
M (,T) = —— [P (t’Tk‘l)—lj

T —Ta P (t’Tk)

kO[j+Li+o-1 P(tT)=f (T (P(tT)),., P(tT.s))
)= e (L, ]

I<I<j
O D{O, J +5} T =T,
2

2k

Once the discount curve and 3M curve have been gtadpve can then bootstrap the

6M forecast curve using:

15



n

Y P(LT)(F™ (6. T) + o ™ ) (T, - T) -

1 -
e (t’Tn—Z)(Tn _Tn—Z) = P(t T ) :/21—1
C Y P T P (6T ) (T~ Tac )
k=1
1

P*'6M (t,Tn) - P*,GM (t,Tn—2)1+ FGM (t T )(T T )
' n-2 n n-2

6. Solving for the short end of the curve

Throughout this document we assumed that befordirgteswap maturities we knew
values of both discount and forecast curves foesj(lTl,Tz,...,Tk). In this section we
show how these were obtained.

Firstly in curve construction it is customary teedsjuid instrument for the short end of

the curve like short dated cash deposits overnj@i), tom/next (T/N), one week

(W), one month (1M) and 3 months (3M) as well asrip of futures prices.

Treatment of the cash intruments

From the cash instruments it is easy to deriveadistfactors for the very short end of
the curve using some basic non arbitrage argumentset us
call C,,.C/n . Cov .Civ -Coy the market quoted rates for the above cash deposit

instruments  andz,,, Ty, T

wo T »Tay their respective coverage periods. We must

have:

16



1

P(tTon) =g 7

P(t,Ty)= P(t'TT’N)m
P(t.Ty) = P(t'TT’“)m
P(t,Ty ) = P(t'TT’“)ﬁ

Furthermore each forecast curve should be ablepgdce the cash intrument with the

underlying tenor. So using the previously definetation we should have:

1
l+ CSM Z-3M

P*'SM (t;TgM ) =
We should add that sometimes cash deposits are quategh@er tenors but they are
not liquid enough to be used to derive valid discdacitors. They can just be used as a
realized value for an index. This is the case of the JPYt&h deposit. However the

6M forward curve should reprice the 6M deposit. Thigasanteed by imposing:

1

P (t’TGM):1+c 7
6M © 6M

Other liquid instruments are interest rate futuresPIli they are based on the 3M Libor.
(In reality they are based on 3M Tibor but we neglect tbsua for the time being)

Futures rates give us some information about the forwetes underlying the same

17



period. Let us consider the Libor rate covering peziod [T,T+3M], denoted by
L(T,T+3M). As shown in the appendix we can define respdgtitree futures rate

F v (t.,T)and FRA rate F*" (t,T)for the period[T,T +3M] as:

FM(LT)=E[L(T.T+3M)]
F(LT)=E" " [L(T,T+3V)]

Where E[ |,E/™"[ | respectively denote the risk-neutral aeBM-forward measure
expectation operators conditional on time t. The difference
Fav (t.T)-F*(t,T)=adjis called the Futures FRA-Convexity adjustment. sThi

quantity is model dependent and a model for thiel yiarve is necessary to compute fit.

We can guess the sign of this adjustment just lyngr

_E[D(T)L(T.T+3M)]
P(t,T)

adj =E[L(T,T+3M)]-E"[L(T,T+3V)]=E[L(TT+3M)]

- s (POT+E[LTT )] & [o(T+30)u(r T+ 30))

1

=57 raw) (B[O +3M)JE[L(T T+ )] [D(T)L(T T+ 3]

=1 cov(D(T),L(T.T+3w))

P(t.T)

Where D(T):exp(—_[:r(s)ds) is the stochastic discount factor. It is negativel

correlated with rates and thereofer we should tiedadj > 0.

18



Once this adustment has been computed we can moue @ootsrapping the 3M
forecast curve at the short end. Let us assumedfhbdast known point on the forecast

curve is is at datel, and the next futures maturing at tinfeis such thatT +3M >T, .

Also according to our formulation of the forecastwe we can write:

PM (,T+3M) =P (t.T)

1+FM (6T,
There are two bootstrapping cases:

Firstcase T, <T

Boostrapping consist in findir@*" (t,T +3M ) such that:

P (1T) = (P4 (4T P (6T +W))

PV (t,T+3M)=P" (T
(tT+3M) (t )1+F3M (t.T) s
Second caseT <T,

Bootstrapping consists in interpolatiRg" (t,T) knowing all the forecast curve for

points(T;),._, - Then P**" (t,T +3M ) is determined by:

1
1+F (t,T) 7,

PM (t,T) = £ ((P(t'Ti))]sisk)

PV (t,T+3M ) =P (t,T)

19



7. Appendix 1: Futures-Fra convexity adj ustment
First we recall that the Futures rate is a martengmder the Risk-Neutral measure.

Using the notation introduced in paragraph 6 weveate:
F (t,T)=E[L(T,T+3v)]

A quick proof can be derived as such. Let us camsi@ general futures like a

commodity futures with delivery dafé which does not have all the fiddly quoting

conventions associated with IR futures. Let usR:@lb the price of this futures at time t.

Let us also denote the stochastic discount factory b

D(t)= exp(—_[; r(s) ds) wherer (s) denotes the short rate prevailing at tisne

We know that entering into a futures contract at @me t prior to the delivery date is

costless. That translates into saying tfat0[0,T] E U{T D(s)dF (s)} =0

In this case we can deduce thattO[0,T|OsO[t.T] E [D(s)dF (s)] =0. In
particular for s=twe have E [ D(t)dF (t)]=D(t)E,[dF (t)]=0. We deduce that for
all t E[dF(t)]=0which means the futures price process has no drifter the
risk-neutral measure. Therefore it is a martingald F (0)= E[F (T)] However we
recall that~ (T) is the value of the quantity to be delivered aetihwhich in our case is

the Libor rate fixing at timd, L(T,T +3M ) Below we derive the calculation of the

Futures-Fra convexity adjustment in the time depahéiull-White model.

20



We postulate the following dynamics for the shatermodel:

dr(t) =«(6(t)-r(t))dt+o(t)dw(t)

Where W is the brownian motion under the risk-neutral meas
Under this model it can be shown that the dynamiaiscount bonds can be expressed

as:

r(t)dt—=(t,T)dw(t)

(t,T)= a(t)J'tT exp(—/((s—t))ds

M

We also assume that forecast curves are drivehdgdame brownian motion and that

the forecast discount curves moves as:

dP™*" (t,T)

F)*SM—(LT):r*(t)dt+Z(t,T)dW(t)

This means that our model assumes forward basip Speead are constant through
time. This is a rather gross approximation but emyre complex assumption would

complicate the curve building hugely.

The actual knowledge of the forecast short rra(té is not needed for the purpose of

the Futures-Fra convexity adjustment. Using thend®in of the futures rate we can

write:

21



F (t)=E[L(T.T+3M)]

We know that E[L(T,T+3M)]=F"(t,T) is a martingale under the

T +3M forward measure. Using the assumed dynamics fdiotkeast curve we get

o\ P (0,T+0)

|:3M(t,-r)=l[w V{I (sT+9)- (sT))dWMM() ;J;(Z(5I+5)—Z(ST))2dsj—J}

0=3M

where W™ is a browinan motion under th& +3M measure. Therfore we can also

write:

(T+5)__[ 0T+5 pU sT+3)- sT))desM(S)—%E(Z(S,T+5)—Z(SI))2ds]—]}

0=3M

We now want to derive an expression fD(T,T +5) that is convenient to work with

under the risk-neutral measure. We introduce théoR&ykodim derivative relating

the risk-neutral measure and the3M forward measure defined by:

£ {d(ggf’} =D(t)P(t,T+3M)=P(0T +9) exp{—f;Z(t T +5)dW(t)—%J';Z(t T +5)2 dtj

22



Using the the Girsanov theorem we deduce the ngwession for the spot Libor rate:

L(T.T+6)= [ OT+5 p([ 5(sT+3)- sT))(dW(s)+Z(s,T+5)ds)—;J.OT(Z(SII'+5)—Z(SII'))2dsj—g

1t

:[ OT+5 p(J. I(sT+9)- sT))dW() EJ.( (sT+5) Zz(s,'l'))dsj—lj

Where Wis now a brownian motion under the risk-neutral suea.

We can now deduce the value of the Futures rate;

F (t,T)=E[L(T T+5)]
:E{ ( OT+5 pU ST +0)- ))dW(s)+%J'OT(Z(s,T+5)2—Z(sjl’)z)dsj—1H
:E(P'D(;”))exp(jo( (sT+0)-2(sT))= (s,‘l’+5)ds)—1j

ol P (0T+0
By using today’s forward rate we get:
FoY (t,T) :?1;((1+ OF M (o,T)) ex;“oT(z(s T+0)-%(sT))Z(sT+ 5)ds)— )
We see immediately that we get what we prediceed .

F (6, T)>F="(0,T)

However so far we have not stated how we obtaihedvblatilities curvéa(t)). First
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of all we assume that this curve is piece-wise. fldten we assume that the market
provides us with a set of caplet volatilitig€" for expiries T, and strikes K, . A caplet

can be priced analytically in the Hull and White deb since using the following

reasoning:
€' =E[ D(T)(L(T.T +3m)-K ) g |
=P(0T,)E™[(L(T.T+aM)-K) g
=P(0,T,,)E™ L -(1+K,9)
P
x" =max(x,0
éT:Ti+l_-|—i
Under the Hull and White model the inverse discodiattor *S;is
P (T Th.0)
o , *M(0,T) .
lognormally distributed with forward —-——% and volatility
P (O,T.ﬂ)

1 1 '
\/j Z(t,T +9)- (t,'l'i))2 ds. Therefore E'» l[m—(H Kp')} ]can be

“(o1)

obtained using the undiscounted Black-Scholes ftaenwith forwardm
LB

volatility Ti\/ joT (£(t,T,+3)-2(t,T,)) dsand shifted strikel+JK .

Given the curves(P(t,T)) '(P*'SM (t T)) and a curve of caplet voIatiIitieéTi,Afa"'e‘)we

can solve for the piece-wise flat Hull-White volityi curve(T,,0;). So that we match
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market implied caplet volatilities.
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