FREFATAELR gL HF LV E S 54842

X e FERE2TH R LIBOR # #47

SRR RS AC RS

A

PR R OEL
HoE P m

H o7 HE =

DA EHE BRI AT E AR 2 &

DO s A

: NSC 97-2410-H-004-024-
D97 E 082 0l p 2 98 & 072 31F
B [ = PR ?ﬁﬁﬁﬁi

RN

: Eﬁ—l fr,g:rm 4 —’}L iF pb 1@ 5 4P #
T A Ry
]lﬁ_lfr,gzrﬂ4_,;1\,:94m»(§ %k_—_‘ﬁ“-_;?_
]lﬁ_lfr,gzrﬂ4_,;1\,:94m»(§ L 8
RIS S Sl R GRE - IR B | e

“‘)‘
|
N
E
-
.
o)

PooE R K 98 #1277 300



TRERRPELE R FT VR Eﬂ;‘; %:ﬁi

(3% 040)

Valuation of Quanto Interest-Rate Exchange Options in a
Cross-Currency LIBOR Market Model

s ol BHAE O FeA S
4% %t NSC—97—2410—H—004—024
HEPRF: 97 &# 82 1p 2 98&77 31p

P AaFL BT
N
PEFEAR CHER IR CERE oMK HPF

SEFLPA(RgF P CFERLa) I EERE OrgEwd

Z-'I:\:_E\‘/Eﬂjs NN ]—;é}?—- —
mﬁ@ﬁ?ﬁg%wﬁﬁfﬂ%axﬁﬂ%—@
(IR & ey 2 M a2 2 - i

FedZ > 50 fé_? TR BRI AERNE A BTAET S
FIEFRE TN E G BT B A

(2 2 ladwmEpaf [ ]- el &7 2B 43
PREFEE I W2re+

4 = A R 98 £ 12 ! 30 2



Valuation of Quanto Interest-Rate Exchange Options
in a Cross-Currency LIBOR Market Model

Abstract

This paper extends the single-currency LIBOR Market Model (LMM) to the
cross-currency LMM (CLMM) based on the Amin and Jarrow (1991) framework, and the
resulting model is utilized to price quanto interest-rate exchange options (QIREQOSs). Four
different types of quanto interest-rate exchange options are priced and discussed in this article.
Hedging strategies and calibration procedures are also examined in detail for practical
implementation. Furthermore, Monte-Carlo simulation is provided to evaluate the accuracy of

the theoretical models.
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1. Introduction

Quanto interest-rate exchange options (QIREOs), also known as interest-rate difference
options, are options written on the difference between two interest rates that are available in
different currencies or between two interest rates in one currency, with the final payments
made in domestic currency. Interest rate volatility during the past decade has magnified the
risk due to an unfavorable shift in the term structure of interest rates, thereby leading to a
dramatic increase in the number and types of contingent claims that incorporate options on
change in the level of interest rates. These products have been developed to enhance the
ability of asset/liability managers to alter their interest-rate exposure. As a result, QIREOs are
evolved to exploit interest-rate differentials without directly incurring exchange-rate risk.

In contrast with QIREOs, yield-spread options (YSOs) are written on the underlying
difference between two interest rates in a single-currency economy and denominated in the
same currency. When a cross-currency economy degenerates to a single-currency one,
QIREOs will become YSOs. Consequently, YSOs are special cases of QIREOs.

The applications of QIREOs are quite extensive and similar to those of differential swaps.
However, QIREOs provide more flexibility in certain applications. First, QIREOs provide a
mechanism for achieving a payoff based on the differential of interest rates available in two
different currencies, which is not directly affected by movements in exchanges rates. Second,
as compared with differential swaps, the major advantage of QIREOs is that they can be used
to fit a very specific strategy since they can be tailored to provide payoffs that depend on
whether the spread of two interest rates is above or below a specified level, or within or
outside a specified range on a specific date in the future. Third, QIREOs can provide added
precision to a strategy involving differential swaps. For example, a portfolio manager might
use a differential swap to capitalize on anticipated yield-curve movements while also
purchasing an QIREO on the spread in order to limit his downside risk. Moreover, money
market investors may use QIREOs to take advantage of a high-yield currency; asset managers
may adopt QIREOs to enhance their portfolio return; liability managers and other borrowers
can employ QIREOs to reduce their effective borrowing rates. More details regarding the

applications of QIREOs can be seen in Schwartz and Smith (1993).

Despite the wide applications of QIREOs, the academic literature has paid little attention

to how to price such options. Only few articles were written on the YSOs. Longstaff (1990),
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Fu (1996) and Miyazaki and Yoshida (1998) derived the pricing formulas for YSOs. However,
their formulas were all conducted in a single-currency economy. Their model setting and
formulas are not appropriate for pricing the QIREOs since the “quanto-effect” in a

cross-currency economy is not taken into account.

Besides, Longstaff (1990) derived the pricing formula for an YSO under the Cox,
Ingersoll and Ross (CIR) model. His model has several problems in practical application.
First, the instantaneous short rate modeled in the CIR model is abstract and
market-unobservable, thereby leading to difficulty in the parameter calibration. In addition,
the compounding period of the underlying rate is infinitesimal, which contradicts with the
market convention of being discretely compounded on the basis of the LIBOR rates. Hence, it

is complex to recover model parameters from market-observed data.

Fu (1996) and Miyazaki and Yoshida (1998) derived the pricing formulas of YSOs based
on the Heath-Jarrow-Morton (HIM) model. Under the HIM framework the instantaneous
forward rates are not observable in the market, so the recovery of the model parameters from
the market-observed data is a difficult and complicated task. Moreover, the pricing formulas
of widely traded interest rate derivatives, such as caps, floors, swaptions, etc., based on the
Gaussian HIM model are not consistent with market practice. This results in some difficulties
in the calibration procedure. Furthermore, as examined in Rogers (1996), the Gaussian HIM
forward rates can become negative with a positive probability, which may cause some pricing

errors.

The primary purpose of this article is to extend the (single-currency) LIBOR market
model (LMM) to a cross-currency LMM (CLMM) based on Amin and Jarrow (1991, AJ) and
then utilize the results to derive pricing formulas of QIREOs. The pricing model of QIREOs
is more general and suitable for pricing Quanto interest-rate derivatives, and if the model
setting degenerates to the single-currency case, the pricing model of QIREOs will become the
pricing model of YSOs in the LMM framework. In addition, pricing QIREOs under CLMM

can avoid the problems as mentioned earlier and is more tractable for practice.

The LMM has been developed by Musiela and Rutkowski (1997), Miltersen, Sandmann
and Sondermann (1997), and Brace, Gatarek and Musiela (1997, BGM). The reasons for
adopting the CLMM rather than the instantaneous short rate models, such as the Vasicek
model and the CIR model, etc., or the HIM model are attributed to the following advantages.
First, the interest rates modeled in the CLMM are the LIBOR rates, which are
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market-observable and consistent with the market convention of being discretely
compounded. Hence, the model is more suitable for practical implementation. Second, the
cap and floor pricing formulae in the LMM framework follow the Black’s formula, which is
consistent with market practice and makes the calibration procedure easier. Moreover, BGM
have shown that under the forward measures forward LIBOR rates have a lognormal
volatility structure that prevents the forward LIBOR rates from becoming negative with a
positive probability. As a result, pricing errors arising from negative rates are avoided. Thus,
pricing QIREOs based on the CLMM is more straightforward and convenient than pricing

based on the instantaneous short rate models or the HIM model for practical application.

The remainder of this article is organized as follows. Section 2 briefly describes the
results in AJ (1991) and adopts them to derive the CLMM. Section 3 outlines each type of
QIREO and derives the pricing formulae for the four different types of QIREOs based on the
CLMM. The hedging strategy of each option is also presented. Section 4 provides the
calibration procedure for practical implementation and examines the accuracy of the pricing

formulae via Monte-Carlo simulation. Section 5 concludes the paper with a brief summary.

2. The Arbitrage-Free Cross-Currency LIBOR Market Model

In this section, we briefly specify the results of the cross-currency LMM.

Assume that trading takes place continuously in time over an interval [O,r],0<r<oo.
The uncertainty is described by the filtered spot martingale probability space
(Q’F'Q’{Ft}te[o,r]) where the filtration is generated by independent standard Brownian
motions W (t) = (W, (t),W, (t),...W, (t)) . Q denotes the domestic spot martingale

probability measure. The filtration {Ft} | which satisfies the usual hypotheses represents

te[0,z

the flow of information accruing to all the agents in the economy.* The notations are given

below with d for domestic and f for foreign:

f (t.T) = the k™ country’s forward interest rate contracted at time t for instantaneous
borrowing and lending at time T with 0<t<T <z, where ke{d, f}.
P(t,T) = thetime t price of the k" country’s zero coupon bond (ZCB) paying one dollar

attime T.

r.(t) = the k™ country’s risk-free short rate at time t.

B (t) = exp“; I (u)du}, the k™ country’s money market account at time t with an



initial value 3, (0)=1.
X (t) = the spot exchange rate at t e [O,r] for one unit of foreign currency expressed

in terms of domestic currency.

For some 6>0, Te[0,7] and ke{d, f}, define the forward LIBOR rate process
{L (t.T);0<t<T} asgiven by

P(t.T)

1+5L, (t,T)=m :exp(J'TT+5 3 (t,u)du)

We present the results in the following Proposition.
Proposition 2.1 THE CLMM UNDER THE MARTINGALE MEASURE

Under the domestic spot martingale measure, the processes of the forward LIBOR rates and

the exchange rate are expressed as follows:

%J,TT))Z Vo (LT )-0pg (LT +68)dt+y,, (1,T)-dW (1)
% =7 (t,T)-(apf (tT+6)-oy (t))dt+]/u (t,T)-dw (t)
d;(((tt)) = (1, (t)=r, (t))dt+o, (t)-dW (t)

where te[O,T], T e[O,z‘] .

The cross-currency LIBOR market model is very general. It is useful for pricing many
kinds of quanto interest-rate derivatives. In Section 3, four variants of the cross-currency

interest-rate exchange options are priced based on the CLMM.

3. Valuation of Quanto Interest-Rate Exchange Options

In this section, we derive the pricing formulae of four different types of quanto
interest-rate exchange options (QIREOSs) based on the cross-currency LIBOR market model.
Introductions and analyses of each option are presented sequentially as follows.
3.1 Valuation of First-Type QIREOs
Definition 3.1 A contingent claim with the payoff specified in (3.1.1) is called a First-Type
QIREO (Q:IREQ)

C,(T)=Nyo[ L5 (T.T)-L5(T.T)] . (3.1.1)



L5 (T,T) = the domestic T-matured LIBOR rates with a compounding period ¢

L} (T,T) = the foreign T-matured LIBOR rates with a compounding period 7, =46
N, = notional principal of the option, in units of domestic currency
T = the maturity date of the option

(x)" = Max(x,0)
a binary operator (1 for a call option and -1 for a put option).

S
1

Q1IREO pricing is expressed in the following theorem, and the proof is provided in

Appendix.

Theorem 3.1 The pricing formula of Q1IREOs with the final payoff as specified in (3.1.1) is

expressed as follows:
C,(t)=N,P, (t,T)[Lﬁ (ET)ek “ TN (o) - 1 (6T )ek TN (o, )} (312)

where

L§ t,T T[—¢ — 1
In(u‘]: ELT%}LL [,uld(U,T,T +8) = (uT,T +77)]du+EV12

d11 = V1

d12 :dll _Vl
T .
V) :It Pyl (u,T)=»% (u,T)P du
g (VT T +8) =70, (LT )| b (LT +8) -0 (1T) |

i (W T ) =7 (LT): b (LT +0) =0 (1T) =0, (1)
w=1 (acall)or-1 (aput).

Theorem 3.1 not only provides the pricing formula for the Q;IREQOs but also reveals a

clue to the construction of a hedging (replicating) portfolio for the Q;IREOs.

For hedging, we rewrite equation (3.1.2) as equation (3.1.3) (the proof is provided in
Appendix ) as follows
C() =AY [P (LT)=P (tT+5)|-AR [P (L T) =P (LT +7)], (3.1.3)
where

LT Ej(u,T,Tﬂ?)du
i Je

AY =N, (1+0L (1T ))% N (wd,,



AL =N, (1L (tT))% N (ed.)QA (T +7)

P, (t.T+7)

QA (t,T +U)=m

pl(t’T)

) eJ.IT 27 (u,T T +7)du

A (6T)=

Equation (3.1.3) serves as a guide to the formation of a hedging portfolio Ht(l) for an

Q1IREO. Ht(l) can be completed by a linear combination of four types of assets: holding

long A unitsof P,(t,T) and A} unitsof P, (t,T+7) and selling short A} units of
P,(tT+6) and A} unitsof P, (t,T).

3.2 Valuation of Second-Type QIREOs

Definition 3.2 A contingent claim with the payoff as specified in (3.2.1) is called a
Second-Type QIREO (Q2IREOQ)

C,(T)=XN, [L5(T.T)-L;(T.T)], (3.2.1)
where

N, = notional principal of the option, in units of foreign currency

X = the fixed exchange rate expressed as the domestic currency value of one unit of
foreign currency.

The pricing formula of Q2IREOs is expressed in Theorem 3.2 below and the proof is

provided in Appendix.

Theorem 3.2 The pricing formula of Q.IREQOs with the final payoff as specified in (3.2.1) is

presented as follows:
C,(t) = XN, P, (t,T){Lﬁ (tT)el “ TN () -1 (6 T)eh TN (d,, )} (3.2.2)

where

Lo (t,T T[—s — 1
|n(Lé Et,T;}L [ﬂzf(u,T,TM)—ﬂz”f(u,T,T+77)}du+§v;

21 V
2
dzz = d21 _Vz

V2 =[Pyl (uT) =7 (uT)P du

e (ET T +2) =7 (VT ) o (LT +9) =0 (LT) =0, (1) |, *e{on},
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Once again, equation (3.2.2) can be written in terms of (3.2.3), and the proof is presented
in Appendix.

C, () =AY [P (tT)=P (LT +5)|-AQ [P (tT)=P, (LT +7)], (3.2.3)

where
AY = XN (14613 (t,T))% N (d;;)QA, (1T +5)
_ 1
A(zf) = XN; (1+ kg (t,T)); N (dzz)QAZ (t’T +77)

P, (T +%)

QA, (LT +*)=m

p;(LT), *e{dn

) _ eLT 4 (U,T T4)du

o, (6T , *e{on}.
Equation (3.2.3) shows the composition of a hedging portfolio Ht(z) for an Q2IREO: it
holds long Al units of P, (t,T) and A% units of P, (t,T+7) and sells short A units
of P, (t,T+&)and AY unitsof P, (t,T).

3.3 Valuation of Third-Type QIREOs

Definition 3.3 A contingent claim with the payoff as specified in (3.3.1) is called a Third-Type
QIREO (Q3IREO)

Co(T) =X (T)N, [ L5 (T.T)-L}(T.T) ],
where

(3.3.1)

X (T): the floating exchange rate expressed as the domestic currency value of one unit
of foreign currency at time T.

Theorem 3.3 The pricing formula of Q3;IROs with the final payoff as expressed in (3.3.1) is
presented as follows:

C, (t) =X ('[) N, P, (t,T){Lﬁ (t,T)eJ.tT[/TS(:(U’T’T*—é‘)JdUN (dgl)_ LZ (LT)e.[:[%z(u,T,Tw)JduN (dgz) (332)

where
L (T T—s . )
In(L’% Et,TgJ"‘J; [/uaf (U,T,T +5)—,u3i (U,T,T +77):|du+EV32
d31: J
3
d32 :dgl -V,

N
Vv, :J.t Py (u,T)=»% (u,T)P du
tay (VT T %)=, (LT)| 0 (LT +%) =0 (T) |, = (o).
Similarly, we rewrite (3.3.2) to obtain (3.3.3) as follows
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Cy (1) =AY [P (tT)=P; (tT+5)|-AR [P (tT) =P (LT +7)], (3.3.3)
where

Af) =X (t) Nf (1+ 5'_‘; (t,T))%eJ“ /”3f(u,T,T+§)duN (d31)
AS = X (t)N, (1+nL (t,T))%ej‘ w TN ().
Equation (3.3.3) also implies a composition for a hedging portfolio Ht(3) similar to that
given in the previous theorems.

3.4 Valuation of Fourth-Type QIREOs

Definition 3.4 A contingent claim with the payoff as specified in (3.4.1) is called a
Fourth-Type QIREO (Q4IREQ)
Co(T)=0 X (T)N, L5 (T, T)=N, Ly (T,T)] . (3.4.1)
@ = abinary operator (1 for a call option and -1 for a put option).

Theorem 3.4 below presents the pricing formula of an Q4IREO. Its proof follows in a

similar way as the previous options.

Theorem 3.4 The pricing formula of Q4IREOs with the final payoff as expressed in (3.4.1) is
presented as follows:

C,(t)=oX (N, P, (6T)L (6T)ek TN (od,,)

T—n (3.4.2)
—oNgPy (LT) L] (t,T)ej‘ [Md(u'T'TW)}duN (c0d,, )
where

XONP, (LTI (0T) . .
In( N P( TG (LT) I [y4g(uTT+5) y4d(u,T,T+77)Jdu+EV4

d41 V

4

d,=d, -V,

V= [Pyi (uT)= s (u.T)F du
e (LT, T +8) =7, (t,T)-[E; (LT +5)-on (t,T)}
ey (LT, T +7)= 70, (t,T)~[EZd (tT+7)-on, (t,T)].
In order to obtain a hedging portfolio, equation (3.4.2) is rewritten as equation (3.4.3).
C,() =AY [P (tT)=P (LT +5) |- AP [P (LT)-Ry (T +7)], (3.4.3)

where



1t

AY = oX ()N, (L+3L (t,T))%eJ‘ Halt TN (d,)

1 efﬁg (u,T ., T+77)du

ALY =N, (1+7L] (t,T))n N (wd,,)-

Equation (3.4.3) shows the composition of a hedging portfolio Ht(“) for an Q4IREO:
holding long A} units of P, (t,T) and A} units of P, (t,T+7) and selling short A{

unitsof P, (t,T+5) and Al unitsof P, (t,T).
In Section 4, we provide a calibration procedure and numerical examples showing the
accuracy of the pricing formulae.

4. Calibration Procedure and Numerical Examples

In this section, we first provide a calibration procedure and then examine the accuracy of
the pricing formula via a comparison with Monte Carlo simulation.

This subsection offers some practical examples that examine the accuracy of the pricing
formulas as derived in the previous section and compare the results with Monte Carlo

simulation. Based on actual market data, the 1-year and 3-year Q,IREOs with 6 =n=1

year and @=-1 in Theorem 1 are priced at different semiannually dates, and the results are
listed in Exhibits 3 and 4. The flat volatility of the exchange rate is assumed to be 20%. The
notional value is assumed to be $1. The simulation is based on 50,000 sample paths. Note
that in the examples the domestic country is the U.S. and the foreign country is the U.K. By
comparison to Monte Carlo simulation, the pricing formulas have been shown to be accurate
and robust for the recent market data. The empirical examples associated with the other three

theorems have also shown satisfactory accuracy.

Exhibit 1: The 1-Year Q:IREO

Date 2006/1/2 2006/7/3 2007/1/1 2007/7/2
Thm 1 1.2683x10°° 1.2802x107° 5.0714x107 9.5540x10°
M.C. 1.2682x10°° 1.2811x10° 5.0779x10® 9.5594x107
s.e. 1.2812x10° 1.2560x10° 2.3516x10° 2.8212x10°

The prices of a 1-year Q,IREO with semiannual accrual periods are presented in this exhibit. The abbreviations M.C. and
s.e. represent the results of Monte Carlo simulations and their standard errors, respectively.
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Exhibit 2: The 3-Year Q:IREO

Date 2006/1/2 2006/7/3 2007/1/1 2007/7/2
Thm 1 4.0575%10° 3.1143x10°® 5.6667x107 7.3662x10°
M.C. 4.0546x10° 3.1229x10° 5.6588x107 7.3560x10°
s.e. 7.4232x10° 6.3378x10” 8.5226x10 9.9884x10”

The prices of a 3-year Q;IREO with semiannual accrual periods are presented in this exhibit.

5. Conclusions

We have extended the single-currency LMM to the cross-currency LMM based on the
Amin and Jarrow (1991) structure and then utilized the resulting model to price four different
types of QIREOs with four theorems. The derived pricing formulae represent the general
formulae of Margrabe (1978) in the framework of the cross-currency LMM and are familiar
to practitioners for easy practical implementation. These pricing formulae have been shown

to be very accurate as compared with Monte-Carlo simulation.

Moreover, we have provided the hedging strategies for the QIREOs via the pricing
formulae and discussed the calibration procedure in detail. Since the LIBOR rate is market
observable and its related derivatives, such as caps and swaptions, are actively traded in the
markets, it is easier to calibrate these model parameters than with the instantaneous
interest-rate models. Thus, the QIREO-pricing formulae derived under the cross-currency
LIBOR market model are more tractable and feasible for practical implementation.

11



References

Amin, K.I., and R. Jarrow., 1991, Pricing Foreign Currency Options under Stochastic Interest
Rates. Journal of International Money and Finance, 10, 310-329.

Black, F., 1976, The Pricing of Commodity Contracts. Journal of Financial Economics, 3,
167-179.

Brace, A., Dun, T.A., and Barton, G.., 1998, Towards a Central Interest Rate Model. Paper
presented at the Conference Global Derivatives’98.

Brace, A., Gatarek, D., and Musiela, M., 1997, The Market Model of Interest Rate Dynamics.
Mathematical Finance, 7, 127-147.

Brace, A., and Womersley, R.S., 2000, Exact Fit to the Swaption Volatility Matrix Using
Semidefinite Programming. Paper presented at the ICBI Global Derivatives Conference.

Brigo, D., and Mercurio, F., 2001, Interest Rate Models: Theory and Practice. Springer
Verlag, Heidelberg.

Cox, J.C., Ingersoll J.E., and Ross, S.A., 1985, A Theory of the Term Structure of Interest
Rates. Econometrica, 53, 385-407.

Fu, Q., 1996, On the Valuation of an Option to Exchange One Interest Rate for Another.
Journal of Banking and Finance, 20, 645-653.

Gatarek, D., 2003, Calibration of the LIBOR Market Model: Three Prescriptions. Working
paper.

Heath, D., Jarrow, R. and Morton A., 1992, Bond Pricing and the Term Structure of Interest
Rates: a New Methodology for Contingent Claims Valuation. Econometrica, 60, 77-105.

Harrison, J.M., and Kreps, D.M., 1979, Martingales and Arbitrage in Multiperiod Securities
Markets. Journal of Economic Theory, 20, 381-408.

Harrison, J.M., & Pliska, S.R., 1981, Martingales and Stochastic Integrals in the Theory of
Continuous Trading. Stochastic Processes and Their Applications, 11, 215-260.

Hull, J., 2003, Options, Futures and Other derivatives (5th ed.), Prentice Hall, New Jersey.

Longstaff, F. A., 1990, The Valuation of Options on Yields. Journal of Financial Economics,
26, 97-121.

Margrabe, W., 1978, The Value of an Option to Exchange One Asset for Another. The
Journal of Finance, 33, 177-186.

Miltersen, K. R., Sandmann, K. and Sondermann, D., 1997, Closed Form Solutions for Term
Structure Derivatives with Log-normal Interest Rates. The Journal of Finance, 52,
409-430.

12



Miyazaki, K. and Yoshida, T., 1998, Valuation Model of Yield-spread Options in the HIM
Framework. The Journal of Financial Engineering, 7, 89-107.

Musiela, M., and Rutkowski, M., 1997, Continuous-time Term Structure Model: Forward
Measure Approach. Finance and Stochastics, 4, 261-292.

Rebonato, R., 1999, On the Simultaneous Calibration of Multifactor Lognormal Interest Rate
Models to Black Volatilities and to the Correlation Matrix. The Journal of Computational
Finance, 2, 5-27.

Rogers, C., 1996, Gaussian Errors. Risk, 9, 42-45.

Schlogl, E., 2002. A Multicurrency Extension of the Lognormal Interest Rate Market Models.
Finance and Stochastics, 6, 173-188.

Schwartz, R.J. and Smith, C.W., 1993, Advanced Strategies in Financial Risk Management,
New York Institute of Finance, Englewood Cliffs, NJ.

Vasicek, O., 1997, An Equilibrium Characterization of the Term Structure. Journal of

Financial Economics, 5, 177-188.

13



j\%

PSR

We have completed the research program as the plan:

We derive the pricing formulae of QIREOs by adopting the martingale method
and the cross-currency LIBOR market model.

The calibration of parameters and hedging strategies are also discussed in detail

for practical implementation.

Monte Carlo simulation is provided to examine the accuracy of the QIREOs

pricing formulae.

The research has been written in English and submitted to the journal listed in
PR EEE - FEPMBEBERNED T~ 52 A B %34 5 as being a

working paper.
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