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Section 1. Overview of Calypso Analytics

The Calypso analytics library allows the user to gain access to the latest analytics developed by the Financial
Engineering team at Calypso. The module will allow the user to price various structures including interest rate
derivatives (IRD) (e.g. callable inverse floating swaps, TaRNs and Snowballs), equity derivatives (e.g. variance
swaps and basket options) and inflation products (e.g. YoY and LPI swaps). It also includes tools to provide
market data generation, e.g. ATM cap stripping and a local volatility surface generator.

The use of separate analytics jars creates the benefit of efficient installation and configuration of the latest
analytics without the need in many cases for upgrade of the core Calypso platform.

The Calypso analytics Library (CALIB) is compatible with Calypso version 10.0 onwards. The table below provides
a summary of the functionality available:

Product Coverage - Trade valuation

Analytics Description
IRD Bonds Equity Inflation FX Commodity

PricerLGMM1FBackward X X

PricerLGMM1FForward X X

PricerSwaptionLGMM1F X

PricerLGMM1FSaliTree X

PricerSwapLGMM1F X

PricerLiborMarketModel X

PricerCarrLeeVolatilityDerivative X

PricerBlackNFMonteCarloExotic X X X

PricerLocalVolatilityNFMonteCarloExotic X X

PricerSVIMonteCarloExotic X

PricerCappedSwapLPI X

PricerCapFloorInflationBlack X

PricerSwaplInflation X

PricerJYAnalytic X

PricerVarianceSwapReplicationFX X

PricerIDIAnalytic X

PricerIDIAnalyticBarrier X

Table 1. Summary of the Pricing analytics contained in the Calypso analytics Library (CALIB)

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Product Coverage - Market Data
: L. Generation
Analytics Description
IRD Equity Inflation
Generator CapATM X
Generator CapBlack X
Generator Spline and SplineSimple X
Generator SVI and SVISimple X
Generator SVJ and HestonSimple X
Generator DividendImplied X
Generator InflationKerkhof X

Table 2. Summary of the market data generators contained in the Calypso analytics Library (CALIB)

The IRD and bond pricers are based on the Linear Gauss Markov model (LGMM) which is a one factor model
equivalent to the Hull-White approach. Two versions of the pricer are available allowing the user to price a number
of different trade types. Example transactions and test cases can be found in separate documentation.

The equity variance swap pricer provides valuation of variance swaps using the replication methodology introduced
in a Goldman’s paper, further details are documented in section 4.1. A general Monte Carlo based pricer has also
been developed to support the pricing of structured equity basket options see section 4.2.

Within CALIB there is also support for pricing of some common inflation products, Y-on-Y (or period on period)
swaps, Inflation Caps and floors and LPI swaps. Y-on-Y swaps are supported via the Jarrow Yildirim model see
section 5.1.

The following files are required to be deployed to gain access to the analytics, the module is designed so that upon
request it can be made available on earlier version of Calypso without effort. These files can be requested through
Calypso support desk:

CALIB.jar - Calypso analytics Library

CALIBINTEGRATION.jar - Integration layer to allow the analytics module and the functionality contained to be
compatible with any version of Calypso from v10.0 onwards.*

Calypso-pricingscript.jar - PricerBlackNFMonteCarloExotic has a dependency on the pricing script functionality
therefore requires to be included on the class path.

*Note some of the functionality available in the Calypso analytics library cannot be back ported to earlier versions
of Calypso because the user interface is not available. E.g. (see section 3.2.4) the user defined calibration
framework is only available for Calypso v10.
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Section 2. Installation

2.1 Basic Setup

Place the Calypso Analytics JAR files (CALIB.jar, CALIBINTEGRATION.jar and Calypso-pricingscript.jar) onto the
Calypso class path in runjava.bat.

2.2 Configuration of Functionality - Execute SQL

The Calypso environment is required to be configured for the functionality in the analytics jars. For the LGM pricers
this can be automated by running the Execute SQL functionality from the AppStarter with SchemaDataLGMM.xml.
If this is performed successfully the following settings will be configured within the specified Calypso environment:

Configuration for PricerLGMM1FForward, PricerLGMM1FBackward and PricerSwaptionLGMM1F:
e Add the supported pricers to applicable product types
e Add the required pricing parameters for the pricers
e Add the required pricing measures for the pricers

e Add the required domain values for user defined calibration framework

Note the SchemaDataLGMM.xml file can be requested from the Calypso support desk and are also contained within
CALIBINTEGRATION.jar.

Manual configuration of the LGM pricers can also be performed. Details of the configuration steps contained in
SchemaDataLGMM.xml can be found in Appendix 1: Registering Functionality - CALIB

Configuration of the other analytics offered in CALIB is required to be performed manually; this process will be
described later in the documentation.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Section 3. IRD/Bond Pricing
3.1 Pricers for Callable IRD Options

3.1.1 PricerSwaptionLGMM1F

Overview

PricerSwaptionLGMM1F supports the valuation of non-vanilla swaptions, either fixed end date or fixed tenor, using
the so-called LGM model, a term coined by P.Hagan in an unpublished, but widely known, working paper?.
PricerSwaptionLGMM1F is different in nature to alternative implementations of the LGM models in Calypso i.e.
backward and forward LGM model described in this document or SwaptionLGMM (core Calypso). It is designed as
dedicated and optimized pricer for specific product payoffs, listed below. PricerLGMM1FBackward and
PricerLGMM1FForward are designed to be more generic in nature and provide increased flexibility and product
coverage i.e. support of eXSP.

The primary function of PricerSwaptionLGMM1F is to support the following trade types:

e Fixed Tenor - the underlying swaps corresponding to the exercise dates all have the same relative
maturity

e Fixed End Date - the underlying swaps corresponding to the exercise dates all shared the same end-date
. Zero Coupon Swaptions

e  American Swaptions

e Bermudan Amortising Swaptions

e Options on swaps with non-matching schedules (mid-period exercise dates)

. Compounding swaps

e Averaging Swaps

Note there is also an implementation of the LGMM1F pricer for cancellable swaps (PricerSwapLGMM1F), this uses
exactly the same methodology as PricerSwaptionLGMM1F.

Market Data Configuration

Market Data Description
Discount This curve will be used for both vanilla and trade discounting if no overrides on the volatility
Curve surface. N.B. This curve may not be used at all if both discount curves are set in the surface.
Forecast This curve will be used for both vanilla and trade forecasting if no overrides on the volatility
Curve surface.
Swaption Using the same generator and surface underlyings as before. In the MDI parameter area, you
Volatility will see the below three new items, all of kind CurveZero.
SWAP_DISCOUNT - this MDI will be used as the vanilla discount curve.
SWAP_FORECAST - this MDI will be used as the vanilla forecast curve.
SWAPTION_DISCOUNT - this MDI will be used as the trade funding curve.

! The paper is “Methodology for callable swaps and Bermudan ‘exercise into’ swaptions”, P.S.Hagan circulated and
discussed on the Wilmott forums (www.wilmott.com).
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Market Data Description
‘4 VolatilitySurface3D BpVol 50 Derived USD CLOSE LUBOR 3M User()(PE default) { =[5 éj
Surface  Utilities Help
Mame |BpVol 50 Derived CLOSE « | Date |25/10/2012 09:11:29 [ Current
Definition | Uinderlyings I Quotes I Points | Graph|
Comment
Vol Type |paTE - Vol Model | Elack (7) .
Currency [Usp v: Generator 7] perived | SwaptionBpVais - E]
Index (L180R =EY v | Interpolator (Interpolator3Dlinear v [
Paint Underlying | 5,z + [ Reset Underlying Vol Point Ny
Indlude Tenor Axis Parameter Value
; . [TRANSFORMATION_METHOD |' EXACT
Strike Type |Relative Spread - |
DateRoll [FoLLowING -]
Holidays |nyc E]
Pricing Environment | 4efalt -
2 &
MDI Mame Value i
SWAP_DISCOUNT ZeroCurveRate1 19/06/12 09:24:...
ISWAP_FORECAST ZeroCurveRate2.9 25/09/12 09:1... [
ISWAP’HON_DISCOUNT ZeroCurveRate2.9 25/09/12 09:1...
[ Load... ] [ New ] [ Delete... ] [ Save ] [ Save As ] Apply

LGMM Mean | Mean reversion matrix can be constant or a time dependent mean reversion. Configuration for
Reversion constant mean reversion same as PricerLGMM1FBackward
Matrix

Description of time dependent mean reversion

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Pricing Parameters

Pricing Parameter

Type

Description

Typical
Value

LGMM_MEAN_REV

Rate

Same as PricerLGMM1Fbackward

LGMM_MODEL_VOL

Rate

Same as PricerLGMM1Fbackward

LGMM_IR_RATE

Rate

Same as PricerLGMM1Fbackward

LGMM_CALIBRATION_INSTRUMENTS

Choice

Same as PricerLGMM1Fbackward -
Calibration for PricerSwaptionLGMM1F
is controlled via pricing parameters
only, it does not use the calibration
framework

LGMM_CALIBRATION_SCHEME

Choice

Same as PricerLGMM1Fbackward -
Calibration for PricerSwaptionLGMM1F
is controlled via pricing parameters
only, it does not use the calibration
framework

LGMM_CONTROL_VARIATE

Boolean

When pricing the Bermudan, also price
the first European numerically and use
it as a control variate.

FALSE

LGMM_LATTICE_NODES

Integer

The number of nodes in the
discretisation of the state space of the
Markov process.

35

LGMM_QUAD_ORDER

Integer

The number of point in the local
quadrature rule used in the roll-back
routine.

20

LGMM_LATTICE_CUTOFF

Double

The number of deviations to the outer
model node in the state space
discretisation.

LGMM_RISK_OPTIMISE

Boolean

Controls whether or not optimization
techniques are used within scenario
analysis, in particular for shift and re-
values of the volatility surface.

TRUE

LGMM_MIN_MEAN_REVERSION

Rate

When using
CALIBRATION_SCHEME=BEST_FIT_LM
the user can control the minimum level
of mean reversion permitted within the
calibration.

-1%

LGMM_MAX_MEAN_REVERSION

Rate

When using
CALIBRATION_SCHEME=BEST_FIT_LM
the user can control the maximum
level of mean reversion permitted
within the calibration.

5%

LGMM_MIN_SIGMA

Rate

When using
CALIBRATION_SCHEME=BEST_FIT_LM
the user can control the minimum level
of model volatility permitted within the
calibration.

0.01%
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Pricing Parameter Type Description Typical
Value

LGMM_MAX_SIGMA Rate When using 2%
CALIBRATION_SCHEME=BEST_FIT_LM
the user can control the maximum
level of model volatility permitted
within the calibration.

LGMM_BEST_FIT_GRAPH_MESH_SIZE Integer | When the Pricer Measure 30
LGMM_BEST_FIT_ERR is used, this
parameter controls how fine the mesh
used in the brute force search is.

*MAX_DAYS_SPACING Integer | Maximum number of days between 30
time splices in the lattice to be used
when pricing American Fixed tenor
swaptions.

(*Implemented and applicable for American
fixed tenor swaptions only)

User enters an integer related to the
number of days to approximate
exercise schedule used in pricing e.g.
30 days

LGMM_CALIB_SPACING Integer | For American swaptions a flag 7
pertaining to the minimum number of
days between successive exercise
dates becomes visible.

Ensure that this spacing is less than or
equal to the frequency of the exercise
schedule

LGMM_CALIB_MIN_CALENDAR_DAYS Integer | Parameter to control the construction 7
of the calibration instruments, the aim
is to remove instruments with short
dated expiries from the calibration
process.

If >0, the lag between the value date
and the next exercise date will be at

least the number of days assigned to
the parameter.

LGMM_CALIBRATE_TO_OTM_OPTIONS Boolean | If set to true it will calibrate to OTM False
options when valuing regular (with no
variation in the notional or coupon)
bermudan options.

LGMM_ADJUST_FOR_MIDFLOW_EXERCISE | Boolean | If set to true, a flat forward True
approximation is used in

y(Tex, Te) * (F(Tex, Tex, Te) + [ F(t,
Ts, Te) - F(t, Tex, Te) 1)

LGMM_CALIBRATE_TO_STD_OPTIONS Boolean | if set to true, it calibrates to vanilla True
swaptions as specified by the point
underlying swap on the volatility
surface used.

Note that Bermudan options on
irregular swaps (i.e. with amortising
notional, fixed coupon schedule, zero
coupon payment) use standard
swaption calibration always.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Pricing Parameter Type Description Typical
Value
CALIBRATION_VOL_TYPE Choice BLACK_VOL, BP_VOL BLACK_VOL
The volatility model used when
calibrating the model.
SWAP_REPLICATION_METHOD Choice | swap_rate_offset, swap_rate
overlap_negative_weights offset_ -
pv_ratio
Defines swap replication method —
methodology described below.
DATES_TO_TENOR_THRESHOLD Integer | The number of days within which a 7

whole year is preserved

Pricer Measures

The standard Calypso pricing outputs are available for PricerSwaptionLGMM1F, described below are the additional
outputs specific to PricerSwaptionLGMM1F:

Pricer Measures

Description

LGM Model

When one selects the pricer measure LGM_MODEL the pricer will show the LGM
model with values used when computing the NPV.

2 PricerMeasureL GMMode Viewer, @

= 00105

B

=}
=

Mean Reversion

g.omo
0.0108

00102
0.0100
0.0098

0.0025

LGM Model

'—lj

0.0500

01-Jan-2002

01-Jan-2010

01-Jan-2012
Date

01-Jan-2014 01-Jan-2016

~— Volatility =— Mean Reversion

Start Date
05/02/2006
06/02(2013
06/02j2014
05/02j2015
04/02j2016

End Date
06/02/2013
06/02j2014
05/02j2015
04022016
06/02j2017

Mean Reversion olatilicy
5.000000
5.000000
S.000000
5.000000
5.000000

0,933661
0,936184
0,971034
0,993397
1110412

Close

LGMM Bestfit Err

When one selects the pricer measure LGMM_BESTFIT_ERR the pricer will do an
additional calculation, and search in a brute force fashion over a range of mean
reversion and sigma values, and display the best-fit error function. Note: The
calibration scheme BEST_FIT_LM does not use this brute-force method, the brute-
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Pricer Measures

Description

force method is simply for the user to get a feel for the error function and double
check the BEST_FIT_LM calibration.

2 LGM model best fit error function X

Error

Mean Rev:L.6000%

Ervor:1.1780E00

e
.

B e
e
e e e
e e

Sigma

Vi o @ Sgna: 0.0557% Hoary: 14000% 1or: 11785600

LGMM Mean Reversion
Scenario

When one selects the pricer measure LGMM_MEANREV_SCEN, the pricer will do
additional valuation, specifically, will vary the constant mean reversion parameter
and re-compute the NPV. The purpose is to give the user a sense of how the
Bermudan price varies with the mean reversion parameter.

GMM price by mean reversion

LGMM price by mean reversion

528
527
528
525

524

@
o
T 623
622
521
520
519
518
0010 0005 0000 0005 0010 0015 0020 0025 0030 0036 0040 0045 0050
Mean Reversion
|—hps|
Mean Rewersion Price
-0.0100 517.9617
0.0000 519.6851
0.0100 521.4357
0.0z00 523.1918
0.0300 5249537
0.0400 526.7238
0.0500 525.5014

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Valuing Callable Zero Coupon Swaptions in Calypso
Below is a description of how the LGMML1F pricer supports two types of callable zero coupon swaptions.

Calibration is performed to standard European swaptions, with characteristics specified in the volatility surface
Point Underlying. This feature is only available on volatility surface in Calypso v12.0 onwards.

r
/__ VolatilitySurface3D USD.VolSurface BpVol USD CLOSE LUBCR 3M User(calypsc_user)(PE OFFICIAL) (User: calypsu_user]h E@Iﬂ

Surface  Configure Utilities Help

Mame |USD.VelSurface.Bpvol CLOSE + | Date |08/15/2011 8:24:17 AM [ Current

Definition | Underlyings I Quotes I Points I Graph|

Comment

Vel Type [RaTE = Vol Model | Black 7} I

Currency :USD v: Generator [¥] Derived -SwapﬁoanUoIs '.E]

Index :LIBOR .3M v: Interpolator :Inherpolab:r3DLinear vE]
Point Underlying :S'Nap — [ Reset Underlying Vol Point | I
Include Tenor Axis Parameter Value
§ - . [TRANSFORMATION_METHOD | EXACT
Strike Type | Relative Spread L4
DateRoll [mop_FoLLow - I

Holidays [y E] |

Pricing Envirenment | oFF1CTAL

28
MDI Name Value

SWAP_DISCOUNT -
SWAP_FORECAST

[IRT [[JAutoGen []AutoSave [JAutoUpdate [JAutoload  RTSrc Reuters -

Load... ][ Mew ][ Delete... ]| Save |[ Save Az ]

A —— = = = = ——

Type 1: Zero Coupon Accrual Swaptions (or cancel swap)

In this variant the swap is cancellable and has a zero coupon fixed leg and standard floating leg with the zero
coupon leg compounding up to the maturity of the trade.

An example trade:

Payers Swaption

Maturity 10y

Notional USD 1mm

Fixed Leg: 2% compounded to the trade maturity

Floating Leg: 3m LIBOR, Act/360

If the swap is not cancelled before the maturity the fixed leg will pay out USD 1m * ((1+2%)”~10-1). If, however,
it's called on the i-th exercise date the fixed leg will pay out the thus far accumulated coupon of USD 1m *
((1+2%)~i-1). Note that this calculation is hard-coded, regardless of the discount method being used.

This trade is booked as a cancellable swap that has annual exercise dates with exercise fee at each exercise date
being the coupon paid/received if the swap gets cancelled. For the above payers swaption the exercise schedule
and associated exercise fees are as follows
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Expiry Delivery Schedule Dia

r— Expiry Date Delivery Date Fee as Percent Fee Amt Fee Percent Fee Cey Indude
08/17/2011 08/17/2011 .
08/19/2013 08/13/2013
e e s
08/17/2015 08/17/2015
mests osfirniepefiriois
RollDsy | NONE . 08/17/2017 08/17/2017
08/17/2018 08/17/2018
wen ]  wisms s

Offset E::ai EE [ONoTe...

[ Generate ][ Swap Periods ]

| [ Lock Exercise Periods ‘

([ a | [ Remove ] [ Ceaal | [ moy ] [ cod ]

As an example, the 'fee' for the 5 year expiry date (8/17/2015) is computed as 1e06 * [(14+2%)"5-
1]1=104,080.80.

The swap is booked as usual with the Cancellable section being populated with the cancellability details

e —
B L e T e B 1)

Trade Back Office Swap Cashflows Analytics Pricing Env  Market Data  View Utilities Limits  Help |

Trade | Details | Cashfiows | Resets | Fees | csa|

CounterParty | NONE -
lobal -

ECIE  —

moonan [ meitlo_|[..][oe>_-]

oo Buso < Jumor <3+ <8 nomen

Market Data | Pricer Params | Results | Pricer Override | Market Data Item Override
REC_DIS,PAY_DIS _2C USD Libor 3/8M Futures/USDR)CLOSE 3/31/09 5:50:01,000 PM EDT
REC_FOR._ZC USD Libor 3M/6M/USD(R)CLOSE 5/26/10 11:59:00,000 PM EDT

o

Note that to price a swaption using SwaptionLGMM1F pricer, only discount method NONE is supported.

A zero coupon swaption is an 'irregular' swaption and, therefore, the SWAP_REPLICATION_METHOD needs to be
specified - the currently supported method is swap_rate_offset.
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Type 2: Zero Coupon Accrual Swaptions

In this variant, the fixed leg pays a regular coupon against a standard floating funding leg but the notional of both
legs accretes at the fixed coupon rate. An example trade would be

Payers Swaption

Maturity 5y

Notional USD 1mm

Fixed Leg: 2% paid annually, 30/360
Floating Leg: 3m LIBOR, Act/360

Then the notional of the two legs would change every year according to the following schedule

Yearl: 1,000,000
Year2: 1,020,000
Year3: 1,040,400
Year4: 1,061,208
Year5: 1,082,432

This is essentially an accreting swaption and can be booked as such using the Swap window, typing in the notional
corresponding to each period and locking all the modified columns.

As before, this is a Bermudan option on an irregular swap and the method used to map each of the forward
irregular swaps to the vanilla swaption market is specified through the SWAP_REPLICATION_METHOD pricing
parameter. The methods currently supported are swap_rate_offset and overlap_negative_weights.

Note that the index factor on the LIBOR leg is not supported.
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Trade Back Office Swap Cashflows Analytics Pricing Env  Market Data  View Utilities Limits Help

Trade | Detais| Cashflows [C] | Resets | Fees | csal -
Notional Amortization Custom Customized
Motional * Rate Pmt Begin Pmt End Period PV Disc Pmt Dt Interest Amt Manual Amt df Type Allknown Manual Principal

1,000,000.00)  2.000000008/17/2011  |08/17/2012 1,00000000! 0.00/08/17/2012 20,000.00 [ 0.00000000|INTEREST 7] 0.
1,020,000.00| 2.0000000|08/17/2012 08/15/2013 1.00555558 0.00|08/19/2013 20,513.33] [l 0.00000000|INTEREST il 0.1
1,040,400.00 2,0000000(08/13/2013 08/18/2014 0.99722222 0.00/08/18/2014 20,750.20 0.00000000(INTEREST v 0.
P 1,061,208.00]  2.0000000(08/18/2014  |08/17/2015 0,99722222| 0.00(08/17/2015 21,165.20 0.00000000|INTEREST v 0.
1,082,432.00]  2.0000000/08/17/2015  |08/17/2016 1,00000000! 0.00/08/17/2016 21,698.64 [ 0.00000000[INTEREST [ 0.
~Y
Notional Amor tization |Custom - :
Notional = Rate Spread Reset Fwd Begin  Fwd End PmtBegin  PmtEnd IdxTerm Interp  Period Proj Amt PV Disc PmtDt Interest Amt  Manual Amt  Fu|
1,000,000.00| 0.0000000| 0.000000008/15/2011 [08/17/2011 |11/17/2011 |08/17/2011 |13/17/2011 |3M [] | 0.25555556! 0.00 0.00/11/17/2011 0.00 7]
1,000,000.00| 0.0000000| 0.000000011/15/2011 [11/17/2011 [02/17/2012 |11/17/2011 |02/17/2012 |3M | | 0.25555558 0.00 0.00/02/17/2012 0.00 [ L
1,000,000.00] 0.0000000| 0.0000000/02/15/2012 |02/17/2012 |05/17/2012 |02/17/2012 |05/17/2012 |3M | | 0.25000000 0.00 0.00(05/17/2012 0.00 & 1
1,000,000,00| 0.0000000| 0.000000005/15/2012 [05/17/2012 |08/17/2012 05/17/2012 |08/17/2012 |3M 0,25555556 0,00 0.0008/17/2012 0.00

| 1,020,000.00| 0.0000000| 0.000000008/15/2012 [08/17/2012 |11/19/2012 |08/17/2012 |11/19/2012 |3M 0.26111111 0.00 0.00[11/19/2012 0.00
1,020,000.00| 0.0000000| 0.000000011/15/2012 |11/19/2012 [02/19/2013 |11/13/2012 |02/19/2013 |3M | | 025555558 0.00 0.00/02/19/2013 0.00 &
1,020,000.00] 0.0000000| 0.0000000/02/15/2013 |02/19/2013 |05/20/2013 |02/19/2013 |05/17/2013 |3M | | 024166687 0.00 0.00(05/17/2013 0.00 &

I 1,020,000.00| 0.0000000| 0.000000005/15/2013 [05/17/2013 |08/19/2013 [05/17/2013 [08/19/2013 |3M ] 0.26111111 0.00] 0.00/08/18/2013 0.00] ]
1,040,400.00| 0.0000000| 0.000000008/15/2013 |08/19/2013 |11/19/2013 |08/19/2013 |11/18/2013 |3M 0.25277778 0.00 0.0011/18/2013 0.00
1,040,400.00| 0.0000000| 0.000000011/14/2013 |11/18/2013 [02/18/201% |11/18/2013 |02/18/201% |3M | | 025555556 0.00 0.00/02/18/201% 0.00 &

| 1,040,400.00] 0.0000000| 0.0000000/02/14/2014 |02/18/2014 |05/19/2014 |02/18/2014 |05/19/2014 |3M | | 0.25000000 0.00 0.00(05/13/2014 0.00 &

i 1,040,400.00| 0.0000000| 0.0000000)05/15/2014 [05/19/2014 |08/19/2014 [05/19/2014 [08/13/2014 |3M [l 0.25277778 0.00] 0.00/08/18/2014 0.00] =
1,061,208.00| 0.0000000| 0.000000008/14/2014 |08/18/201% |11/18/201% |08/18/2014 |11/17/201% |3M 0.25277778 0,00 0.00/11/17/201% 0.00
1,061,208.00| 0.0000000| 0.000000011/13/2014 |11/17/201% [02/17/2015 |11/17/2014 |02/17/2015 |3 | | 025555556 0.00 0.00/02/17/2015 0.00 &

R [ 1,061,208.00| 0.0000000| 0.0000000/02/13/2015 |02/17/2015 [05/18/2015 [02/17/2015 [05/13/2015 |3M | | 0.25000000 0.00] 0.00/05/18/2015 0.00] &
1,061,208.00] 0.0000000| 0.000000005/14/2015 |05/18/2015 |08/18/2015 |05/18/2015 |08/17/2015 |3M | | 025077778 0.00 0.00(08/17/2015 0.00 &
1,082,432,00| 0.0000000| 0.000000008/13/2015 |08/17/2015 |11/17/2015 |08/17/2015 |13/17/2015 |3M 0,25555556 0,00 0.00/11/17/2015 0.00
1,082,432.00| 0.0000000| 0.000000011/13/2015 |11/17/2015 |02/17/2016 |11/17/2015 |02/17/2016 |3 | | 0.25555556 0.00 0.00/02/17/2016 0.00 ]
1,082,432.00| 0.0000000| 0.0000000/02/15/2016 [02/17/2016 |05/17/2016 [02/17/2016 |05/17/2016 |3M | | 0.25000000 0.00 0.00/05/17/2016 0.00 &
1,082,432.00) 0.0000000| 0.000000005/13/2016 |05/17/2016 |08/17/2016 |05/17/2016 |08/17/2016 |3M | | 0.25555555 0.00 0.00(08/17/2016 0.00 &

Calibration to Standard Swaptions

When using PricerLGMM1F any callable trade can be valued by calibrating to the standard swaptions of the
reference swaption market. The conventions used to define the standard swaptions are set on the Point Underlying
of the volatility surface. This feature is only available on volatility surface in Calypso v12.0 onwards.

Fixed Side

Currency |USD
r 1 Freq. [ ]
Rate Index |LIEOR -] a [EA )
r 1 CmpFreg. | ]
Index Tenor | 3M - PITed. |NON )
r 1 DayCount | ]
Source |LIBORO1 - Y (ACT/350 =
DateRoll | ]
I:‘ Act _MOD_FOLLO\'\I' - |
Holidays LON,NYC
[] Manual first reset — E]
Period Rule | apjusTED —
[ Check first reset : :
Float Sid
Wstwrtlag [0cal ] oo _
: ., Freq. QTR -
Int. Method | NONE - . .
: ©  CmpFreq. |non -

DayCount

ACT/360

DateRell  [MoD_FoLLOW

Holidays LON,NYC

Period Rule | ApJusTED

[ Apply Change ][ Close ]

The pricing parameter that controls the use of the standard swaptions is
LGMM_CALIBRATE_TO_STD_OPTIONS

When calibration to standard swaptions is chosen, the swap underlying the option is taken to be irregular and an
irregular swaption method needs to be selected.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Note that when manufacturing the standard swaptions, a fast date generation method is employed which produces
index start and end dates that may be slightly different to what they should be. The resulting pricing difference is
very small.

Options on swaps with non-matching schedules - dealing with mid-period
exercise dates

Valuing options on swaps with non-matching schedules requires solving the problem of how to represent and value
a fixed or floating flow as of an exercise date that is in the middle of the flow period.

In general, the fixed and floating flows will look as follows

Floating | |

Ts Te

Fixed ; |

s le

Tex

Where Tex is the exercise date

Fixed Flow:
The clean value of the fixed flow as of the exercise date will be
(A) O0(Tex, le) * C

With d(Tex, e) being the coverage (in the fixed leg day count convention) between the exercise date and the
payment date of the fixed coupon C.

Floating Flow:
The clean value of the floating flow as of the exercise date will be
(B) v(Tex, Te) * F(Ts, Ts, Te)

With y(Tex, Te) being the coverage (in the floating leg day count convention) between the exercise date and the
payment date and F(Ts, Ts, Te) is the simple forward rate between Ts and Te, as of Ts.

As this forward rate resets before the exercise date it will not be known at Te in the backward induction algorithm
and needs to be approximated.

A reasonable approximation that makes the value of the flow measurable at Tex is to assume that the slope of the
curve remains constant at the forward level, thus

(B1) F(Ts, Ts, Te) = F(Ts, Ts, Te) + F(Tex, Tex, Te) - F(Tex, Tex, Te)
® F(Tex, Tex, Te) + [ F(t, Ts, Te) - F(t, Tex, Te) ]

Making the value of the floating flow

(B2) v(Tex, Te) * (F(Tex, Tex, Te) + [ F(t, Ts, Te) - F(t, Tex, Te) ])

To allow this approximation to be made in Calypso the following pricing parameter needs to be set to true
otherwise a flat forward approximation is used in (B2) above:

LGMM_ADJUST_FOR_MIDFLOW_EXERCISE
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References
e Hagan, P.S. and Woodward, D.E. (1999), “Markov Interest Rate Models”, Applied Mathematical Finance,
6:233-260

e Calypso Technology, “Linear Gauss Markov Model".

3.1.2 PricerSwapLGMM1F

PricerSwapLGMMI1F is exactly equivalent to PricerSwaptionLGMM1F but supports cancellable swaps of a similar
structure. The methodology implemented is consistent with that discussed above.

3.1.3 PricerSwaptionShiftedLognormal

The purpose of this pricer is to allow for the valuation of swaptions when interest rates are negative. It supersedes
the PricerSwaption, and as of version 15.1 it should replace it.

The pricer supports an additive shift to the interest rates, and prices the swaption using a Black-Scholes formula
with the shifted forward and the strike.

The shift is retrieved from the volatility surface used for pricing the swaption, or it can be passed in as the
transient parameter SHIFTEDLOGNORMAL_SHIFT:

Market Data | Pricer Params | Results | Pricer Override | Market Data Item Override

Fricer: | VOLATILITY ~ CALL_VOLATILITY  PUT_VOLATILITY § SHIFTEDLOGNORMAL_SHIFT ENO_FWD_BASIS_SPREAD_AD]  FIXED_RATE
_SwapﬁonShiFhedLognormaI - | | 0

The shift in the underlying rates is supported by the generator SwaptionSABRDerived.

If the pricer is used without specifying a value for the SHIFTEDLOGNORMAL_SHIFT or with a volatility surface
generated with an older generator, which does not support a shift of the rates, in which case the shift will be simply
set to zero.

The volatility and Vega computed by the pricer are expressed in units of the daycount included in the volatility
surface. If the volatility is passed to the pricer as a transient parameter, the daycount will default to ACT/365.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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olatilitySurface3D VolUSDSwaptionSABRDerived USD CLOSE LBOR 3M User(calypso_user)(PE Luka) |. = | B S
—

Surface  Utilities  Help
Mame |VollSDSwaptionSABRDerived CLOSE = | Date |05/02/2014 2:00:01 PM
| Definition I Underlyings I Quotes | SABR. Points
, | | Baycount: |ACT/380 -
SABR Model: 05/02/2034-2Y W |ExpDate  ExpTenor 1Y 2 10%
0.16 # 11/03/2014 &M
//' 05/05/2015 1y 1.000000%
0.15 A 05/03/2016 2y
= 05/02/2019 5y
7 0141 7 05/02/2024 10
s N\ y 05/02/2029 15Y
0.13 "\ // 05/02f2034 20
012 \\ _.f/
-D.II:I2 -I:I.;:I1 I:I.ICII:I I:I.II:I'1 I:I.II:I2
Moneyness
— Black equivalentvnlatilities|

3.1.4 PricerSwaptionIRVanillaNormal

This pricer is available as of CALIB-400-2 and is meant to replace PricerSwaptionBpVol for vanilla swaptions.

It is optimized for and supports only single-currency European-style options; further, options on swaps with any of
the below features are not supported:

e Convexity-adjusted flows (cms-linked, diff-swap, NDS/NDF, reset-in-arrears, pay-early)
e Principal exchange flows
e Compounding swaps

e Basis swaps (a.k.a. floating-for-floating, e.g., 3M LIBOR vs. 6M LIBOR)

However, this pricer does provide analytics for irregular swaptions (a.k.a., options on amortising/roller-
coaster/accreting swaps) subject to there being no principal flows.

This pricer also supports RFR daily compounded (but NOT averaged) swaptions. Definition of RFR rate index is the
same as described in PricerCapShiftedLognormal, the DailyIndexCalculator of the rate index must be set to
DailyCompound?2.

A RFR Swaption needs to be defined as below. It must be paid in arrears with daily compounded method
SimpleSpr.
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A Swaption/European/06/28/2021/06/28/2023/P:USD/SOFR/1D /R:USD 0.21744 -PO is Calypso N... - O x

Trade Back Office Swaption Cashflows Analytics Pricing Env  Market Data  Utilities Help

Trade Details Cashflows Exercise/Settlement Ex Schedule Fees CSA
D
C

| Market Data Pricer Params Results Pricer Override Market Data Item Override

=] NPV IMPLIEDVOLATILITY B/E_Rate
Trade results | 0.00| 26.60290| 0.467443]

-03;26}2021 |2:12:14 AM -ll\-'ol_RFR_Swapﬁoan

3.1.5 PricerSwaptionIRVanillaSLN

This pricer is like PricerSwaptionShiftedLognormal but lacks support for options involving multiple currencies plus
the list mentioned in Sec. PricerSwaptionIRVanillaNormal above.

It does not handle irregular swaptions either.

Similar as PricerSwaptionIRVanillaNormal above, it also supports RFR Daily Compounded (but NOT averaged)
Swaptions.

3.1.6 PricerCapShiftedLognormal

This pricer supports an additive shift for the underlying interest rates, so it can be used when the interest rates are
negative. When a shift is present the individual caplets are priced using a Black-Sholes formula in which the
forward and the strike are modified by adding the shift.

The shift can be read from the caplet volatility surface, (generated with the CapShiftedLognormal generator), or it
can be passed in as the SHIFTEDLOGNORMAL_SHIFT transient parameter.
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"
||| MarketData | Pricer Params | Resuts | Pricer Override | Market Data Item Override | o
Pricer: | VOLATLLITY  CALL VOLATILITY  PUT_VOLATLLITY ISHII—‘I'EDLOGNORMAL_SHIFI’ IfOLL#\TERALIZED_PR_ICI

||| £apshiftedLognormal P | | Off
" =
i ‘| m | 3

Val Date|05/23/2016 | 12:33:08PM | Pricing Env|WE | price || Close —

[
b

We currently support RFR daily compounded Caps and Floors only, the DailyIndexCalculator of the rate index must
be set to DailyCompound?2.

A Rate Index Attributes Window | x|
Mame Value
Coupaon_Frg -~

DAILY RATE_DEC
DAILY _RATE_ROUMDIMG_METHOD
DailyAvgIndexCaloulator
DailyIndexCalculator
Exd intro tnr list

An RFR Cap/Floor needs to be defined as below. It must be paid in arrears with daily compounded method
SimpleSpr.

[+ Mot Cancellable
Buy | USD =+ ||1,000,000.00 [ Digital
Bullet
Type None w

Start |03/26/2021 End |03/26/2023  [] Exclude Fi...

Cap w |..000000 % USD | SOFR w | 1D w + Obp ...| FRENY
Strike | 0.500001)... END_PER Lag -0D Bus, (NYC_... HONE
[+] cmp |DLY ~ | SimpleSpr CutDff Lag © Cal
] ava HOME w 1st Rate 0.00
Pmt QTR w~| END_PER * MNOME w
MOD_FOLLOW ~ DAY ~ 26 Lag 2 B
ACT/360 ~ | NYC .= MEAREST
RONE ADIUSTED

3.1.7 PricerCapFloorNormal

Similar functionality to PricerCapShiftedLognormal, except we use a normal as opposed to lognormal model. The
volatility used is often referred to as basis point point volatility, or just BpVol. This pricer inherits from the same
base class as PricerCapShiftedLognormal and it allows for risk computed via bump-and-re-price to be computed
instead using the Jacobian method.

PricerCapFloorNormal also supports RFR Daily compounded (but NOT averaged) Caps and Floors, same as
PricerCapShiftedLognormal.

When this pricer is used, one can use IMPLIEDVOLATILITY measure to calculate implied normal vol and
BLACK_EQUIV_VOL measure to calculate the equivalent black vol.
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3.1.8 PricerCapFloorBpVol

This pricer is due to be replaced by PricerCapFloorNormal after v17.

This pricer supports the valuation of caps using a Normal or BpVol model for each of the underlying caplets, see
also the discussion in the SwaptionBpVol pricer. The input to the pricer needs to be a surface, simple or derived,
that can provide Normal / Bp vols for the tenor of the underlying caplets. The main pricer measures are defined as
follows

Pricer Measure Description
DELTA The change in the option value predicted by the option delta: AV = AsAF
with AF of 1 basis point. The option delta is the theoretical (Bachelier)
delta.
GAMMA The change in the option value predicted by the option gamma: AV =

I «AF? with AF of 1 basis point. The option gamma is the theoretical
(Bachelier) gamma.

VEGA The change in the option value predicted by the option vega: AV =
Vega +Ac with Ag of 1 basis point (0.01%). The option Vega is the
theoretical (Bachelier) vega.

THETA The change in the option value predicted by the option theta: AV =
0 «At with At of minus one day (= -1/365)

3.1.9 PricerSwaptionMidCurve (*)

(* : scheduled for Calypso version 15.1)

Overview

Mid-curve swaptions are characterised by an option expiry date and two tenors (T1, T2) (or equivalently, three
dates). T2 is the maturity tenor of the swap underlying the option, while T1 specifies the delivery lag, i.e., the
period between swaption delivery date and underlying swap start date. E.g., a 1Y x 2Y x 5Y mid-curve swaption
expires in one year and it was written on the swap starting in three years and ending in eight years. In the case of
vanishing T1, the mid-curve swaption collapses into a vanilla swaption.

To price a mid-curve swaption in a Trade window, tick the MidCurve box as below:

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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|rmu BackOffice Swaption /(... Ansitics PricingEnv MorketData Utiities Help
Trade | Detals | Coshfions | Exercise/Settiement | £ Schediie | Fees | csal
—m_Egm @ _.
Cr— -
lﬂ-

VOLATILITY_SHORT_TENOR  USE_ATM_VOLS  CORRELATIO!
| B |

: s

Models

The available models replicate the forward-starting-swap in a ‘'nY x mY x pY’ by a spread basket of co-initial swaps
starting at nY: a long position in an (m+p)Y swap combined with a short position in an mY swap.

The corresponding marginal distributions can be either normal or lognormal. (Shifted-lognormal marginals are not
supported).

Likewise, the effective terminal distribution of the forward-starting-swap rate is either of normal or shifted-
lognormal type.

Model name Description
Normal2Normal Normal marginals + normal effective distributions.
Lognormal2Normal Lognormal marginals + normal effective distributions.
Lognormal2ShiftedLognormal Lognormal marginals + shifted-lognormal effective distributions.

Choose a model from the drop-down in SWAPTION_MIDCURVE_CALCULATOR input parameter field.
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Pricing Parameter Type Description

VOLATILITY_LONG_TENOR Rate A transient override for the marginal volatility of the long
replicating swap.

A value of '1.2" means 1.2 bp vol for normal marginals,
while it is 1.2% for lognormals.

Use to numerically calculate corresponding marginal
vega.

VOLATILITY_SHORT_TENOR Rate A transient override for the marginal volatility of the short
replicating swap.

Same unit conventions as VOLATILITY_LONG_TENOR.
Use to numerically calculate corresponding marginal
vega.

USE_ATM_VOLS Rate Adjust for marginal volatility smiles if FALSE;

Currently, only TRUE is supported.

CORRELATION Rate A transient override for the correlation between the
replicating-swap rates. The correlation is of the ‘same’
type as the marginals.

A value of '0.87' means: 87%.
Use to numerically calculate corresponding
CORRELATION_O01.

SHIFTEDLOGNORMAL_SHIFT Rate A transient to pass in the shift of the effective shifted-
lognormal distribution. If missing, a default value of ‘0.0’
is assumed.

Ignored unless VOLATILITY is passed in.
Not applicable to Normal2Normal / Lognormal2Normal
models.

VOLATILITY Rate A transient override for the effective volatility of the

underlying swap.
Same unit conventions as VOLATILITY_LONG_TENOR.

Use to numerically calculate corresponding vega.

N.B.: Volatility and vega inherit daycount conventions from the swaption volatility surface. If no surface is
specified, transient volatilities adopt default ACT/365.

Pricer Measures

Beside the standard PricerSwaptionShiftedLognormal outputs, some additional diagnostics and measures are

provided:

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Pricer Measure Description

IMPLIEDVOLATILITY Effective normal resp. lognormal volatility. Units follow same conventions as
input parameters.

IMPLIED_CORRELATION Correlation between marginal driving processes. (see also: CORRELATION
input parameter).

CORRELATION_oO1 Sensitivity. PV change for +1% change in correlation.

SHIFTEDLOGNORMAL_SHIFT Swap rate (and strike-) shift in Lognormal2ShiftedLognormal model. ‘0.34’
means: 34bp.

PROB_OF_EXERCISE Risk-neutral probability (in %) that the swaption expires in-the-money.

3.2 Pricers for Exotic IRD (eXSP)

3.2.1 PricerLGMM1FBackward

Overview

PricerLGMM1FBackward is predominantly designed to support the valuation of American, Bermudan and European
swaptions or cancellable swaps using the so-called LGM model. The LGM model was first described by P.Hagan in
an unpublished, but widely known, working paper?. The LGM model is precisely the Hull-White one factor model
expressed as a HIJM model. Further details on the Calypso LGM model are found in the dedicated Calypso analytics
document, “Linear Gauss Markov model”.

PricerLGMM1FBackward can also price the following trade types: Bonds, Single leg swaps and Caps and Floors.

PricerLGMM1FBackward is named with relation to the direction of pricing, i.e. backwards direction; therefore a
lattice is constructed for pricing. The lattice is based on a Sali-tree construction and is again documented in detail
in the dedicated Calypso analytics document.

PricerLGMM1FBackward provides increased flexibility over PricerSwaptionLGMM and PricerSwapLGM, allowing the
user to analyse exotic transactions which incorporate formulaic payoff structures that have been developed through
the eXSP framework, e.g. range accruals and inverse floating structures.

Swaptions

A swaption is an option on a swap that can be exercised at predetermined exercise dates. American, Bermudan
and European exercise schedules can be specified. PricerLGMM1FBackward is able to price trades with the
following underlying swap structures;

e  Fixed Vs Float
e  Fixed Vs Exotic (eXSP)
e  Float Vs Exotic (eXSP)

e Fixed End Date - the underlying swaps corresponding to the exercise dates all share the same end-date

Swaptions can be priced with respect to both sides of the transaction i.e. Right To Pay (RTP), Right To Receive
(RTR) and straddles.

2 The paper is “Methodology for callable swaps and Bermudan ‘exercise into” swaptions”, P.S.Hagan circulated and
discussed on the Wilmott forums (www.wilmott.com).
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American fixed tenor swaptions, i.e. the underlying swaps, corresponding to the exercise dates, all have the same
relative maturity/tenor are not supported - This trade type is supported with the latest version of
PricerSwaptionLGMM1F (available separately on request).

Cancellable Swaps

A cancellable swap is a swap which can be exercised or cancelled at predetermined exercise dates.
PricerLGMM1FBackward is able to price trades with the following underlying swap structures;

. Fixed Vs Float
e Float Vs Float
. Fixed Vs Exotic (eXSP)
. Float Vs Exotic (eXSP)

American, Bermudan and European exercise schedules can be supported for cancellable swaps.

Single leg swaps and Caps and Floors using the eXSP framework are also supported.

Callable Bonds - Fixed Rate

A callable bond is debt instrument issued with the purpose of raising capital by borrowing and can be exersiced on
predtermined dates. American, Bermudan and European exercise schedules can be supported for callable bonds.

PricerLGMM1FBackward supports pricing of transactions with fixed coupon rates only.

Workflow for Pricing with PricerLGMM1FBackward

Below is a description of the necessary steps for pricing a trade using the PricerLGMM1FBackward:

e Set up trade (see trade examples documentation for further information)
e  Setup / configure required market data (including pricer config settings)
e  Setup / configure pricing parameters
e If the user requires to use Auto-Calibration of model (LGMM_AUTO_CALIBRATE = True)
o  Setup / configure calibration pricing parameters
o  Price trade
e If the user requires to use customized calibration (LGMM_AUTO_CALIBRATE = False)
o Save trade
o  Setup / configure calibration instrument (see Model Calibration section))

o  Price trade

Market Data Configuration
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Nasdaq Calypso Analytics Library

27

Market Data

Description

Discount Curve

Same as PricerSwaption - Standard Configuration

Forecast Curve

Same as PricerSwaption - Standard Configuration

Swaption Volatility

Same as PricerSwaption - Standard Configuration

LGMM Mean Reversion Matrix

The pricer expects a mean reversion matrix to be configured within the
pricer config. In respect of the product specific tab one must have a
volatility surface whose generator is LGMMMeanRev, and assign it the
PricerLGMM1FBackward where the Usage=LGMM_MEAN_REV

Note the usage LGMM_MEAN_REYV in the pricer config should appear when
the pricer is registered. It is not required to be added in the domain values.

Pricer Config Example:

I Pricer Configuration Window D@Igl

Name | default [Lazy Refresh

Parents

Ll o]

Matket Data Information

Pricer | PricerLGMMLFForward  »

Market Data Item | USD_LGMI_MEANREY

Froduct Usage
Equity. GM [DIVIDEND

Usags |LGMIM_MEAN_REY

L]

Pricer
AR

Comment

Fx | Repo Credit AES Correlation Commadity Custom Trade Level Override Calibration
Pricers Discount Curves Forecast Curves Surfaces Praduct Specific Model Parameters

[] Select Specific Froduct

Currency |USD % | Type |CapFloor || Ay v || Ay -

g
Remove

Market Data Itsm
EquityGM Dividend G5(1024)

USD. Sweaption. ANY, ANY LGMM_MEAN_REW

[PricerLGMM1FBackward

LISD_LGMM_MEANREW10%

LISD . Swap. ANY  ANY LGMM_MEAMN_REY

PricerL GMM1FEackward

LSO _LGMM_MEANREW 1031

USD Bond. &MY AMNY LiGMM_MEAMN_REY

PricerL GMM1FBackward

USD_LGMM_MEANREV{1031

USD. CapFloor ANY, AMY LGMM_MEAN_REW

[PricerLGMM1FBackward

)
! )
! )
)

USD_LGMM_MEAKREV 1031

USD.Bond. ANY, ANY LGMM_MEAMN_REY

PricerL GMM1FForward

USD_LGMM_MEANREV(1031)

USD. Swap. ANY . ANY LiGrm_MEAMN_REY

PricerLGMM1FForward

USD_LGMM_MEANREV(1031)

USD. CapFloor ANV, AMY LGMM_MEAN_REW

[PricerLGMM1FForward

USD_LGMM_MEANREM1031)

(et [ J ook ] o

Save As

Close:

Mean Reversion matrix (Volatility surface) Example:

The example below shows the input of a flat 5% mean reversion surface. A
simple surface including the tenor axis should be used. Expiries and tenors
should be defined on the offsets tab then one should click generate.
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Market Data

ola ace3D D A D 0 BOR 6 e alypso e PE defa ]
Suface  Configure  Utiities  Help
Name ‘USD_LGMM_MEANREV HCLOSE v‘ Date‘UE/USﬂZUU? u 12:48:09 [Ccurrent
Definition | Offsets | Points | Graph
Currency Vel Type |RATE v|  [ncude Tener axis

Relative Spread v

Index |LIEOR o ET
Interpolator | Interpolator3DLinear v E

DayCount | ACT|360 v [ Iperived Generator |2 v
DateRall| FOLLOWING v Parameter Value
Spot Lag [False:

wders| e []  ommencesmy |
SYNTHETIC_TENOR |
Pricing Env | default v ‘

Comment

[TJauto Load

(oot J[ tow ][ ootme [ oo ][ swers |

Close:

The drop down menu on the points tab should be changed to the
LGMM_MEANRev and the values entered.

Z VolatilitySurface3D USD_LGMM_MEANREY USD CLOSE LIBOR 6k User{calypso_user)(PE default)

Surface Configure  Utities  Help

Mame | LISD_LGMM_MEAKREY HCLOEE - ‘ Date ‘ 08/06/2007 u 12:48:00 |DCurrent
Definition | OFfsets | Painks | Graph
Orw Obwry @l sue
ExpiryiTenor | 1¥ v 37 4t sY &Y kl 81 v oy 12y | 1Sy Bid == Ask
10/12/2007 5.0000) 5.0000| 5.0000 5.0000) S.0000) S.0000| 5.0000) 5.0000) 5.0000) $.0000 S.0000| 5.000 ~
09/06,2008 5.0000] 5.0000 5.0000( 5.0000( 5.0000] 5.0000 5.0000] 5.0000| 5.0000| 5.0000 5.0000 5.000 sk 2> Bid
0B/06/2009 5.0000| 5.0000/ 5.0000| 5.0000) 5.0000 5.0000( 5.0000) 5.0000 5.0000[ 5.0000| 5.0000) 5.000

5.0000) 5.0000| 5.0000) 5.0000) 5.0000) 5.0000| 5.0000) 5.0000) 5.0000) £.0000 S.0000| S.000 Interpolate...
5.0000) 5.0000| 5.0000) 5.0000) 5.0000) 5.0000| 5.0000) 5.0000) 5.0000) £.0000 S.0000| S.000
5.0000| 5.0000 5.0000[ 5.0000| 5.0000] 5.0000] S.0000] 5.0000] 5.0000| 5.0000 5.0000] 5.000
10/06/2013 5.0000| 5,0000) 5.0000] 5.0000| 5.0000| 5.0000| 5,0000) 5.0000] 5.0000| 5.0000] 5.0000 5.000
03/06/2014 5.0000) 5.0000| 5.0000) 5.0000) 5.0000) 5.0000| 5.0000) 5.0000) 5.0000) £.0000 S.0000| S.000
08/06/2015 5.0000, 5.0000) 5.0000 5.0000) S.0000) 5.0000) S.0000) 5.0000 S.0000) 5.0000 S.0000) S.000
08082016 5.0000| 5.0000 5.0000[ 5.0000| 5.0000] 5.0000] S.0000] 5.0000] 5.0000| 5.0000 5.0000] 5.000
5.0000| 5,0000) 5.0000] 5.0000| 5.0000| 5.0000| 5,0000) 5.0000] 5.0000| 5.0000] 5.0000 5.000

|08j08/2017
5.0000] 5.0000| 5.0000| 5,0000| 5.0000( 5.0000] 5.0000| 5.0000| 5.0000| 5.0000| 5.0000| 5.000

08/06/2022
08/06/2027
< | >

0(06/2010
03/06/2011
08/08/2012

5.0000] 5.0000| 5.0000) 5.0000) 5.0000) 5.0000| 5.0000) 5.0000) 5.0000] 5.0000) 5.0000| 5,000 %

oo ][ mon | [_ookwen ][ _sme [ sowers

Close

CALIB_SWAPTION_TEMPLATE

The pricer expects a CALIB_SWAPTION_TEMPLATE to be configured within
the pricer config. Specifically, in the Surfaces tab one must add a volatility
surface whose generator is Swaption, and assign it the

PricerLGMM1FBackward where the Usage= CALIB_SWAPTION_TEMPLATE.

The volatility surface must contain a single underlying swaption; the quote
for the swaption is not used in pricing.

The template is a definition of the terms and conditions of a swaption in the
regular swaption surface, in particular important characteristics such as pmt
frequency and day count of the fixed leg. This additional information is
essential for model calibration
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Market Data

Description

Pricer Config Example:

Mame | defaul [azy Refresh

parents | | o] cear

\arket: Data Information

Comment

Model Parameters | Fx | Repo | Credt | ABs | Corrlation | Commodit: Custom Trade Level Override Calibration |
Pricers I Discount: Curves I Forecast Curves | Surfaces Product Specific

Currency ‘USD v‘ el Type ‘RATE v‘ Index ‘LIEOR v| ‘ANV v|
Product ANy M NS | pucal [y v A
Surface ‘CALIE_TEMPLATE H o] Usage ‘cAuE_sm v| [ Remove |

Currency Index/vol Type Tenor Praduct ExtendedType Subtype Put{Call Usage - Surface
ON_TEMPLATE |CALIE_TEMPLATE(L(]

|ISDLIBOR.3M Swapti
Ay JvoL |USDLIBOREM Swwapti

|LIBOR e

bets | [ save [ savens

toad |

Volatility surface example:

ySurface3D CALIB_TE E USD CLOSE LIBOR 3M User(calypso_user)(PE default)

Suface Configwe  Ukiities  Help

Name ‘CAL]BJEMPLATE H(LOSE v‘ Date ‘ 25/03i2008 ” 15:02:32 [Ccurrent

Definition | Underlyings | quotes | Paints | Graph|

nclude Tenor Axis

Cunency |UsD v ol Type [RATE v

Relative Spread -
Index |LIBOR v
Interpolatar | InterpolatoraDLinear ~I]

e T I | Bhewed oo [swopbon V(=]
weswe ]

Comment

[RT [JAutoGen [JautoSave [JoutoUpdate [ JAutoload RT Src

[ J[ wew  J[ odem. [ sae [ saess |

IB_TEMPLATE USD CLOSE LIBOR ser(calypso_user)(PE default)

Suface  Configwe Ukl Help

Mame ‘C.QL[EJEMPLATE ”CLOSE v‘ Date ‘ 25{03/2009 “ 15:02:32 |DCurrent

Definition | Underlyings | quotes | Paints | Graph|

T | K ‘ [ tewmnstrumert.. | Underlying Instruments
1d Bisseimsivan d Type Description
1262 |swaption |Rec/1i1¥/LIBOR/3M/0.O/R.

g |[ ten ][ veste. |[ e [ sovers




30

Pricing Parameters

Nasdaq Calypso Analytics Library

Pricing Parameter

Type

Description

Typical Value

LGMM_MEAN_REV

Rate

A transient override for the mean
reversion parameter described in the
market data section above.

-1% to 5%

LGMM_MODEL_VOL

Rate

A transient override for the model’s
volatility parameter described in the
market data section above.

~1%

LGMM_IR_RATE

Rate

A transient override for the yield
curve described in the market data
section above.

0.5%-6%

LGMM_CALIBRATION_INSTRUMENTS

Choice

CORE_SWAPTION - the calibration
instruments are European swaptions
defined by the exercise dates and the
swap related to the exercise date.

On a typical 10Y NC 5Y, the core
swaption are 5Yx5Y, 6Yx4Y, 7Yx3Y,
8Yx2Y, 9Yx1Y. On fixed-tenor (or
trombone) swaption, the core
swaptions would be 5Yx5Y, 6Yx5Y,
7YX5Y, 8Yx5Y, 9Yx5Y

Also the strikes are at the strike of
the current Bermudan swaption.

CORE_AND_SHORT_SWAPTION - the
calibration instruments are the core
swaptions described above and one
additional swaption, defined by the
first (alive) exercise date of a
maturity the same length as the
fixed coupon length. In the previous
example of a 10Y NC 5Y it would
correspond to a 5Yx1Y swaption.

CORE_SWAPTION_ATM - Same as
CORE_SWAPTION except the strikes
are chosen to be at the money,
rather than the same as the trade.

CORE_AND_SHORT_SWAPTION_ATM
- Same as
CORE_AND_SHORT_SWAPTION
except the swaptions are at the
money.

CORE_SWAPTION

LGMM_CALIBRATION_SCHEME

Choice

EXACT_STEP_SIGMA - the model
volatility function is a step function,
chosen so as to match the calibration
instruments exactly

BEST_FIT_LM - the model mean
reversion and volatility are constant
and chosen by a Levenberg-
Marquardt best fit routine applied to
the calibration instruments.

APPROX_STEP_SIGMA - same as
EXACT_STEP_SIGMA except and
using a faster but approximate
method.

EXACT_STEP_SIG
MA
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Pricing Parameter

Type

Description

Typical Value

RISK_OPTIMISE

Boolean

Controls whether or not optimization
techniques are used within scenario
analysis, in particular for shift and
revalue of the volatility surface.

True

ACCURACY_LEVEL

Integer

Accuracy of pricing, range from 0-11,
0 being the least accurate (fastest)
and 11 being the most accurate
(slowest)

LGMM_AUTO_CALIBRATE

Boolean

The parameter is designed to
increase the flexibility of the
calibration process and remove the
dependency on creating a customized
calibration set when pricing with

the two LGM pricers, 1FBackward
and 1FForward.

If set to true a custom calibration set
is not used, instead predefined rules
are used to select the instruments
i.e. for swaptions and callable trades
the calibration instruments are
selected to be the core diagonals for
non callable trades the

calibrations instruments are selected
with expiries to be in sync with

the cashflow dates.

If LGMM_AUTO_CALIBRATE is set to
false the custom calibration set is
used.

True

LGMM_CALIBRATE_TO_OTM_OPTIONS

Boolean

Flag to switch the calibration to be
performed on OTM swaptions. An
additional column has also been
added to the CALIBRATION_RESULTS
pricer measure to highlight the
option type used in calibration.

True

INCLUDE_FEES

Boolean

True

NPV_ INCLUDE_FEES

Boolean

True

RESET_FROM_CURVE

Boolean

False

NPV_INCLUDE_COST

Boolean

False

MULTIPLE_CURVES

Boolean

Flag to set to true to recognize
different forecast/discount curves.
False if only take discount curve.

False
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Pricer Measures

The standard Calypso pricing outputs are available for PricerLGMM1FBackward, described below are the additional
outputs specific to the PricerLGMM1FBackward:

Pricer Measure Description

Calibration results When one selects (drill down) the pricer measure CALIBRATION_RESULTS the
pricer will show details of the intermediate steps in the calibration.

< CALIBRATION_RESULTS 1335

LGMM calibration Results

Description  Expiry Start End Tenor | TTE  Spot Basis  Strike | RelStrke | PVEP | MiBlackvdl | MKPY Modellackvol | ModePV | AbsvolErr  RelPVErT
SWAPTION  27/06/2014 29/06[2014 29/06[2019 S 4.9918 4.225592 0,000 4,225592 0.0000 402,32 25,6208 38,290.28 25.6208 38,200.28 1.55E-15  E.0BE-15
SWAPTION  29/06{2015 01j07/2015 01/07/2019 4% 5.9973 4.276281 0,000 4276281 0.0000 314,86 24,3109 31,513,492 243109 31,513,42 1,536-15  6.23E-15

|SWARPTION 29/06/2016 01)07/2016 01/07/2018 3¢ 7.0000 4.333588 0.0000 4.333588 0.0000 230,81 23,1079 24,021.91 23.1079  24,021.91 7.77E-16 3.33E-15

|5 WAPTION 29f06f2017 01/07/2017 01/07/2019 2Y B8.0000 4.382845 0.0000 4,382845 0.0000 150,48 22,2071 16,258.59 22,2071  16,258.59 2,51E-10 1.09E-09

|5 WAPTION 2B/06/2018 30/06/2018 30/06/2019 1Y B8.9973 4.389424 0.0000 4389424 0.0000 73.58 20,8435 7,926.69 20.8435 7,926.69 2.41E-11 1.12E-10
Grid Event Flows When one selects the pricer measure GRID_EVENTFLOWS the salient points in the

grid / lattice will be displayed. It also provides information on the coupon,
(outstanding) notional, redemption (termination payment) and principal payments
found at each point in the grid. Cashflows are ordered chronologically and are
described as ‘Pay coupon’ or ‘Receive coupon’ which relate to the pay or receive
legs of the transaction.

GRID_EVENTFLOWS 1501

Grid Event Flows

Grid Date Wisible Date Pk Date: Description Coupon MNotional Redemption Principal
23f03/2000  23/03(2009  25/06/2008 PAY COLPON {(1.0 * [qUSDLIBOR3M_23/03/2009]) + 0.0} 1000000.0 A
23(03/2000  23/03/2009 25/06/2009  RECEIYE COUPOM (0.1 - (2.0 * [qUSDLIBOR3M_23/03/20001  sIN
23/06/2003  23/06/2009 2509/2009  PAY COLUPON ({1.0* [QU3DLIBOR3M_23/06/2009]) + 0.0)  1000000.0
23j06/2000  23/06/2009  25/09/2009 RECEIYE COUPOM (0.1 - (2.0 * [qUSDLIBOR3M_23/06/2009]3)  sIN
23i09/2000  23/0%/2009 28122009 PAY COUPON ((1.0* [qQUSDLIBOR3M_23/09/200%7) + 0.0%  1000000.0
23(09/2009  23/09(2009 28122009 RECEIYE COUPOM (0.1 - 2.0 * [qUSDLIBORAM_23/09/2009]))  sIN
23122000 23/12/2009 25i03/2010  PAY COUPON (1.0 * [qQUSDLIBOR3M_2312j200%]) + 0.00  1000000.0
23f12/2000 23/12(2009  25/03/2010 RECEIYE COUROM (0.1 - (2.0 * [qUSDLIBORIM_23/12/2000]5  sIN
23i03/2010  23/03/2010 25i06/2010  PAY COUPON (1.0 * [qQUSDLIBOR3M_23/03j2010]) + 0,00 1000000,0
23/03/2010  23/03(2010 25062010 RECEIVE COURPOM (0.1 - (2.0 * [qUSDLIBOR3M_23{03/2010]))  sIN

23/06/2010  23/06/2010  27j09/2010 PAY COLPCN ({1.0* [qQUSDLIBOR3M_23/06/2010]) + 0.0)  1000000.0
23/06/2010  23/06/2010  27/05/2010 RECEIYE COUPON (0.1 -{2,0* [qUSDLIBORSM 23/08/20101  sIN
23/09/2010 23/0%(2010  27/12/2010 PAY COLUPCN ({1.0* [QUSDLIBOR3M_23/05/2010]) + 0.0)  1000000.0

23/09/2010  23/09/2010  27/12/2010 RECEIVE COUPOM (0.1 - (2,0 * [qUSDLIBOR3M_23f09/201001  sIN
221122010 22/12/2010  Z5/03/2011 PAY COUPCN {{1.0* [QUSDLIBORSM _22/12/20107) + 0.0) 1000000.0
22122010 22/12(2010  25/03{2011 RECEIWE COUPOM (0.1 -(2.0* [qUSDLIBORSM_22{12/2010]) sIM
231032011 23]03/2011  Z7/06[2011  PAY COURCN {{1,0* [QUSDLIBOR3M_23/03/20117) + 0.0)  1000000,0
23/03/2011 23/03(2011  27/06[2011 RECEIWE COUPON (0.1 -(2.0* [qUSDLIBOR3M_23/03/201110)  sIN
23f06/2011 230602011 26f09/2011 PAY COUPCN ({10 * [QUSDLIBOR3M _23/06/2011]) + 0.0)  1000000,0
23/06/2011  23/06/2011  26/05/2011 RECEIVE COUPON (0.1 - (2.0 * [qUSDLIBORSM_23/06/2011]0  sIN
z2f09/2011  22/09/2011  Z7f12/2011 PAY COUPON ({1,0* [QUSDLIBOR3M _22/09/2011]) + 0.0)  1000000,0
22/09/2011 22/09(2011  27/12/2011 RECEIVE COUPON (0.1 -(2.0* [qUSDLIBORSM 22/09/20111%  sIN
z2j12/2011 22/12(2011  26/03/2012 PAY COLPCN ({1.0* [QUSDLIBOR3M_22/12/2011]) + 0.0) 1000000.0
22/12/2011 22/12/2011  26/03/2012 RECEIYE COUPON (0.1 -{2,0* [qUSDLIBORSM 22/12/201110 sIN v

Close

References

e Hagan, P.S. and Woodward, D.E. (1999), "Markov Interest Rate Models”, Applied Mathematical Finance,
6:233-260

e  Calypso Technology, “Linear Gauss Markov Model”.
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3.2.2 PricerLGMM1FForward

Overview

As with the PricerLGMM1FBackward, the PricerLGMM1FForward is based on the so-called LGM model, which is
precisely the Hull-White one factor model expressed as an HIM model. The numerical scheme used is Monte-Carlo
based, and so is designed to support products that can be priced in the forward direction, for example path
dependent trades.

PricerLGMM1FForward can price the following trade types: Swaps, Bonds, Single leg swaps and Caps and Floors. It
also supports the pricing of many formulaic based payoff structures in eXSP, e.g. TaRN’s or Snowballs.

The pricer supports non-callable transactions only.

Workflow for Pricing with PricerLGMM1FForward

Below is a description of the necessary steps for pricing a trade using the PricerLGMM1FForward:

e Set up trade (see trade example documentation for further information)
e  Setup / configure required market data (including pricer config settings)
e  Setup / configure pricing parameters
e If the user requires to use Auto-Calibration of model (LGMM_AUTO_CALIBRATE = True)
o  Setup / configure calibration pricing parameters
o  Price trade
e If the user requires to use customized calibration (LGMM_AUTO_CALIBRATE = False)
o Save trade
o  Setup / configure calibration instrument (see Model Calibration section)

o  Price trade

Market Data Configuration

Market Data Description
Discount Curve Same as PricerSwaption - Standard Configuration
Forecast Curve Same as PricerSwaption - Standard Configuration
Swaption Volatility Same as PricerSwaption - Standard Configuration

LGMM Mean Reversion Matrix | The pricer expects a mean reversion matrix to be configured within the
pricer config. In respect of the product specific tab one must create a
volatility surface whose generator is LGMMMeanRev, and assign it the
PricerLGMM1FForward where the Usage=LGMM_MEAN_REV

(Configuration same as PricerLGMM1FBackward)

CALIB_SWAPTION_TEMPLATE | The pricer expects a CALIB_SWAPTION_TEMPLATE to be configured within
the pricer config. Specifically, in the Surfaces tab one must add a volatility
surface whose generator is Swaption, and assign it the
PricerLGMM1FForward where the Usage= CALIB_SWAPTION_TEMPLATE.

The volatility surface must contain a single underlying swaption; the quote
for the swaption is not used in pricing.
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Market Data

Description

The template is a definition of the terms and conditions of a swaption in the
regular swaption surface, in particular important characteristics such as pmt
frequency and day count of the fixed leg. This additional information is

essential for model calibration

(Configuration same as PricerLGMM1FBackward)

Pricing Parameters

Pricing Parameter

Type

Description

Typical Value

LGMM_CALIBRATION_INSTRUMENTS

Choice

CORE_SWAPTION - the calibration
instruments are European
swaptions defined by the exercise
dates and the swap related to the
exercise date.

On a typical 10Y NC 5Y, the core
swaption are 5Yx5Y, 6Yx4Y, 7Yx3Y,
8Yx2Y, 9Yx1Y. On fixed-tenor (or
trombone) swaption, the core
swaptions would be 5Yx5Y, 6Yx5Y,
7Yx5Y, 8Yx5Y, 9Yx5Y

Also the strikes are at the strike of
the current Bermudan swaption.

CORE_AND_SHORT_SWAPTION -
the calibration instruments are the
core swaptions described above
and one additional swaption,
defined by the first (alive) exercise
date of a maturity the same length
as the fixed coupon length. In the
previous example of a 10Y NC 5Y it
would correspond to a 5Yx1Y
swaption.

CORE_SWAPTION_ATM - Same as
CORE_SWAPTION except the
strikes are chosen to be at the
money, rather than the same as
the trade.

CORE_AND_SHORT_SWAPTION_AT
M- Same as
CORE_AND_SHORT_SWAPTION
except the swaptions are at the
money.

CORE_SWAPTION

LGMM_CALIBRATION_SCHEME

Choice

EXACT_STEP_SIGMA - the model
volatility function is a step function,
chosen so as to match the
calibration instruments exactly

BEST_FIT_LM - the model mean
reversion and volatility are constant
and chosen by a Levenberg-
Marquardt best fit routine applied
to the calibration instruments.

APPROX_STEP_SIGMA - same as
EXACT_STEP_SIGMA except and

EXACT_STEP_SIGM
A
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Pricing Parameter

Type

Description

Typical Value

using a faster but approximate
method.

LGMM_MODEL_VOL

Rate

A transient override for the model’s
volatility parameter.

~1%

IR_RATE

Rate

A transient override for the yield
curve.

0.5%-6%

LGMM_MEAN_REV

Rate

A transient override for the mean
reversion parameter.

-1% to 5%

RISK_OPTIMISE

Boolean

Controls whether or not
optimization techniques are used
within scenario analysis, in
particular for shift and revalue of
the volatility surface.

True

ACCURACY_LEVEL

Integer

Accuracy of pricing, range from 0-
11, 0 being the least accurate
(fastest) and 11 being the most
accurate (slowest)

LGMM_AUTO_CALIBRATE

Boolean

The parameter is designed to
increase the flexibility of the
calibration process and remove the
dependency on creating a
customized calibration set when
pricing with the two LGM pricers,
1FBackward and 1FForward.

If set to true a custom calibration
set is not used, instead predefined
rules are used to select the
instruments i.e. For swaptions and
callable trades the calibration
instruments are selected to be the
core diagonals for non-callable
trades the calibrations instruments
are selected with expiries to be in
sync with the cash flow dates.

If LGMM_AUTO_CALIBRATE is set
to false the custom calibration set
is used.

True

LGMM_CALIBRATE_TO_OTM_OPTIONS

Boolean

Flag to switch the calibration to be
performed on OTM swaptions. An
additional column has also been
added to the
CALIBRATION_RESULTS pricer
measure to highlight the option
type used in calibration.

True

INCLUDE_FEES

Boolean

True

NPV_ INCLUDE_FEES

Boolean

True

RESET_FROM_CURVE

Boolean

False

NPV_INCLUDE_COST

Boolean

False
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The standard Calypso pricing outputs are available for PricerLGMM1FForward, described below are the additional
outputs specific to the PricerLGMM1FForward:

Pricer Measures

Description

MC Graph

Graph to show convergence of simulations performed.

< Monte-Carlo Convergence Graph

Monte-Carlo Convergence Graph
1,558,400
1,558,300
1,558,200
1,558,100
1,558,000
1,557,800
1,557,800
=
o 1,557,700 - .
1,557 500 e -
1,557 500
1,667 400 f
1,557,300 |
1,557 200 !
1,557,100 |
o 10,000 20,000 30.000 40.000 50.000 60.000
Number of Trials
— PY — Lower mean Upper mean
Mumber of Trials ;3 Lower mean Uppet mean
127 1,557,723.41 1,557,079.65 1,558,367.17
255 1,557,723.50 1,557,253.61 1,558,193.39
511 1,557,723.56 1,557,385.23 1,558,061.83
1,023 1,557,723.59 1,557,461.46 1,557,965.73
2,047 1,557,723.60 1,557,551.82 1,557,895.39
4,095 1,557,723.62 1,557,601.68 1,557,845.56
5,191 1,557,723.62 1,557,637.18 1,557,610.07
16,383 1,557,723.63 1,557,662.42 1,557,784.83
32,767 1,557,723.63 1,557,680.32 1,557,766.94
65,535 1,557,723.63 1,557,693.00 1,557,754.27

Calibration results

Same as PricerLGMM1Fbackward

Grid Event Flows

Same as PricerLGMM1Fbackward

Pay Projected Flows

When one selects the pricer measure PAY_PROJECTED_FLOWS, the pricer will
display projected coupons and discount factors found in pricing the pay leg.

PAY_PROJECTED_FLOWS 1310

Accrual Schedule Log

Period

Rate

5.000011
1.459727
1.403310
1.131940
2.067753
2.794055
2.785302
2717774
2.391980
2.248699

=Y T, R R

Mational
1,000,002, 30
1,000,010,53
1,000,012.04
1,000,019.69
1,000,099.51
1,003,174.51
1,017,684.76
1,044,387.67
1,077,661,36
1,116,170.43

Coupon

PmtDate

25,533.39 16{11/2009
7,258.08 14/05/2010
7,211.46 15/11/2010
5,722,509 16/05/2011

10,453.64 14/11/2011
14,125,50 14/05/2012
14,235,99 14/11/2012
13,664,36 14/05/2013
12,225.67 14/11/2013
11,305.96 14/05/2014

of
9.975209E-01
9.903711E-01
9.832678E-01
9. 776646E-01
9.675583E-01
9.536722E-01
9.3683609E-01
9.218492E-01
9.0453468E-01
8.874052E-01

Close
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Pricer Measures

Description

Receive Projected Flows

When one selects the pricer measure RECEIVE_PROJECTED_FLOWS, the pricer will

display projected coupons and discount factors found in pricing the receive leg.

REC_PROJECTED_FLOWS 1310

Accrual Schedule Log

5.000011  1,000,002.30
1.215175  1,000,010.53
1.634915  1,000,012.04
1.134009 1,000,019.69
1.636296  1,000,099.51
2646685 1,003,174.51
2,721328 1,017,334.76
2.583433 1,044,387.67
2.380406  1,077,661.36
2,129673  1,116,170.43

[SIT= RN NN ST RN AR S

Period Rate Motional Coupon PratDate

75,833,39 16/11/2009
6,042.12 14/05/2010
8,401.65 15{11/2010
5,733.05 16/05/2011
8,262.50 14/11/2011

13,380,48 14/05/2012

13,000,01 14112012

12,988,93 14/05/2013
12,197.19 14112013
10,707 .52 14/05/2014

Df
9.975209E-01
9.903711E-01
9.832676E-01
9. 77RE46E-01
9.675586E-01
9.536722E-01
9.383609E-01
9.215492E-01
9.045466E-01

8.874052E-01

Close

References

e Hagan, P.S. and Woodward, D.E. (1999), “"Markov Interest Rate Models”, Applied Mathematical Finance,

6:233-260

e Calypso Technology, “Linear Gauss Markov Model”.
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3.2.3 eXSP Support — PricerLGMM1FBackward and
PricerLGMM1FForward

Overview

The Exotic Structure window (eXSP) is a separate framework which provides the flexibility to define exotic formulas
/ payoffs for interest and principal payments for either leg on a trade. The eXSP framework is accessible through
the ‘Structured Window’ when an Exotic leg is selected. This functionality allows the user to capture a variety of
transaction types when standard trade windows do not facilitate the trade entry, IRD examples include: TaRN,
Snowballs and Range Accruals.

PricerLGMM1FBackward and PricerLGMM1FForward provide pricing support of eXSP structures within the following
products: Swaps, Bonds, Single leg swaps and Caps and Floors. PricerLGMM1FBackward also supports swaptions.

For more general information on the use of eXSP please refer to the following Calypso documentation: Calypso
Help - Exotic Structure Window.

eXSP quotables

All user defined quotables are supported by both pricers provided that they reference information that is applicable
to the pricer. Array variables are also supported by both pricers provided they contain valid quotable references,
eXSP system variables or functions. Array variables that change with time are also supported. Time series
variables are supported by PricerLGMM1FBackward allowing range accrual transactions to be captured.

Trades which incorporate a saved eXSP type or template can be priced with the PricerLGMM1FBackward and
PricerLGMM1FForward. eXSP features relating to the structure can be exposed on the trade window, if these are
modified, the user must go to cash flows drop down menu and click ‘Generate (F8)’ before pricing the transaction,
this enables the trade structure to be refreshed.

& Swap/null/P:USD 0.00000 /R:USD/LIBOR/3M (0) - Version : 0 Cur User :[calypso_user) [101000/Release/c... [’erﬁlgl

Trade BackOffice Swap Cashflows Analytics PricingEnv  MarketData Wiew  Ltiities Help
Trade | Details | Cashflows | Resets | Fees | Mumeris Qukput Lo’
oty Shone e T
BookGlobal v Status| NONE | Template | nonE v
Subtype |Exntm v ‘ Broker ]
|Fi>< V‘Fay \uso v” 1,000,000,00 | > |3 | Rec 1,000,000.00
Bullet Eullet
Actual_| Actual |
5.000000 % (. Marne value
cap 7.00%
cmp[] floor 2.00%
HONE
ED v | EnppER v HONE v Pmt | QTR | |Enp_PER | oONE v
=
MOD_FOLLOW || NORE v Laa MOD_FOLLOW v || HONE '+ LagD
|ACTISED vHch \E NEAREST |Acnssn vllN‘r’C |E] HEAREST
MONE ADIUSTED NONE ADIUSTED
M
< | >

Market Data | pricer Params | Results | Pricer Override | Market Data Item Override

FAY_DIS,REC_DIS,REC_FOR ZC USD Libor/USD{R)CLOSE 14/05/09 12:15:56.000 o'clock EDT
REC_WOL WOL SWAPTION USD LIBORJUSD{R)CLOSE 24/06/09 10:56:06.000 o'clock EDT

val Date‘ 26062009 ” 09:07:17 | Pricing Env ‘ default |

Example of exotic swap using saved eXSP type - Cap / Floor levels exposed in trade window

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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eXSP System Variables

The table below describes the support of eXSP system variables in each of the pricers; PricerLGMM1FBackward and

PricerLGMM1FForward. An error message will be generated if the user attempts to price a transaction containing

any of the eXSP variables not supported.

39

eXSP Variable Usage Support in Support in
Forward pricer Backward pricer
sAC Accumulated coupon payments YES NO
sACI Accumulated coupon payments including YES NO
current coupon
sCN Current notional NO NO
sCP Period number YES YES
sIN Initial notional YES YES
sPN Notional in previous period YES NO
sPR Coupon in previous period YES NO
sCALCN Calculated Notional for a given period YES NO
sCALCR Calculated Coupon Rate for a given period YES NO

Note: The variables sAC, sACI, sPN, sPR, sCALCN and sCALCR are not supported in the PricerLGMM1FBackward due

the likelihood of these variables creating a structure which is path dependent in nature.

For PricerLGMM1FForward if the sPN or sPR variables are used in the first period of the transaction an error
message will be generated, however if they are a part of a formula which is not evaluated no error message would

be generated:

E.g. Coupon for Snowball structure

(sCP<1.5)?4%:SPR + 2%

when sCP<1.5 no error generated.
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[ eXSP Structure Creator Window/Rec/Swap/null/P:USD 0.00000 /R:USD/LIBORS3M (0) - Yersion : 0 Cur User :(calypso_user) [101000/Release/calypso_user] g@@
endP Structure | Variables | Overrides :Fluw Previews
Marme Yalue + Generate B ?
Direction Cash Flow Date | Coupon Farmula Compute:sCP | Exobic Capital  Redemption Formula | Inkerest At
Start Dake A0j06/2009 T T |
End Date 3006 2014 [(sCP<1 5304, D0%){sPR+2.00%)) 2.00000000  1000000.00 15,333.33
Currency usD H 3L0H2010  ([sCP<1,5)2(4,00%):(sPR4+2.00%)) 3.00000000 100000000 20,000.00
Inital Nticnal 1000000,00 ® 30062010 ([sCP<1, 51704, 00%):(sPRA2,00%1) 400000000 100000000 25,277.78
Exatic Capital ) 1000000.00 ® 30/09/2010  ((sCP<1 50704, 00%):sPR-+2,00%) 500000000 100000000 30,666,67
B Uncustomized Redemptions ® 31f12/2010  ((sCP<1,5)7(4.00%):(sPR+2,00%)) 6.00000000  1000000.00 35,777.78
Coupon Formula {(sCP<1.5}7(+.00%): (sPR+2.00%}) H 31/03/2001  ((sCP<1,5)7(4,00%):(sPRA2,00%)) 7.00000000  1000000.00 40,000.00
Day Caurk ACTI3E0 £ 30/06/2011  ((sCP<1,5)7(4.00% ):(sPR+2,00%)) 5.00000000  1000000.00 45,500,00
Payment Frequency QTR F 30092011 ((sCP<1,5)7(4.00%):(sPR+2,00%)) 9.00000000 1000000.00 51,111.11
Payment Timing END_PER # 301202011 ((sCP<1,5)7(4,00%):(sPR+2.00%) 1000000000  1000000.00 55,611.11
Date ol MOD_FOLLOW # 30M0HE01Z  ((sCP<1.5)7(4,00%):(sPR+2.00%) 1100000000  1000000.00 60,666.67
H Roll Day HONE ® PODAANLZ  ((sCP< SR04, 00%):sPRA2.0MY 12,00000000 100000, on 65,722,22
Heliday e ¥ PBIDIF01Z  ([sCPl.51704.00%):(sPR+2.00P7) 13.00000000 100000000 70,777.78
Reset Date Rol PRECEDING T 3U2/2012  ([sCP<1,5)7(4.00%):(sPR4+2,00%)) 14,00000000  1000000.00 78,3%3,33
Coupon Payoff Type Coupon # 28(03(2013  ({SCP<1.5)2(4,00%):(sPR+2.00%) 1500000000  1000000.00 77,333,533
) 2806/2013  ({sCP<l SR 00%):sPRA2. 0050 16,00000000 L0O0O0O.00 86,588,89
£ 30092013 ((sCPl SR, 00%):sPRA2.0050) 17,00000000 10000000 94,000,00
® 3112/2013  ((sCP<l SR 00%):sPR42.0050) 18,00000000 100000000 9711111
= 31032004 ({sCP<l 534 00%):(sPRAZ.005Y) 19,00000000 100000000 100,000.00
= 30/06/2004  ({sCP<l, 534 00%):sPRA2.005Y) 20,00000000 100000000 106, 166,67
< »
[ Create Type H Save H Exit ]

Example of eXSP structure when sPR does not create an error message with PricerLGMM1FForward

eXSP Functions

The table below describes the support of eXSP functions in each of the pricers; PricerLGMM1FBackward and
PricerLGMM1FForward. An error message will be generated if the user attempts to price a transaction containing
any of the functions not supported.

Function Purpose Support Function Purpose Support

+ addition of nhumbers YES && Boolean AND YES

- subtraction YES | Boolean OR YES

* multiplication YES 0?0:0 Conditional YES

/ division YES Max Finds maximum of YES
two values

> greater than YES Min Finds minimum of YES
two values

>= greater than or equal to YES <= less than or equal YES
to

< less than YES

eXSP Time Series Functions

Currently PricerLGMM1FBackward provides support of the xwavg function, enabling IRD range accrual transactions
to be modelled. An error message will be generated if the user attempts to price a transaction containing any of
the other variables described below.

Time Series Purpose Support in Support in
Variables Forward pricer Backward pricer
xwavg Finds the average of a time series variable NO YES

format is (xwavg, period begin, period end)
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eXSP Redemption Formulas

The table below describes the support of eXSP redemption formulas in each of the pricers; PricerLGMM1FBackward
and PricerLGMM1FForward. An error message will be generated if the user attempts to price a transaction
containing any of the redemption formulas not supported.

Redemption Purpose Support in Support in
Formulas Forward pricer Backward pricer
xcoupon Creates a final coupon upon redemption YES NO
xprincipal Creates a final notional/principal amount | YES NO

upon redemption

3.2.4 Model Calibration - PricerLGMM1FBackward and
PricerLGMM1FForward

Calibration of the model parameters for PricerLGMM1FBackward and PricerLGMM1FForward can be performed by a
number of different methods, described below:

Auto-Calibration —-This calibration method uses predefined rules, refined by the use of pricing parameters, to
control the selection of the calibration instruments and behavior of the calibration process. This is the default
behavior of the model when LGMM_AUTO_CALIBRATE in the pricing parameter set is set to true (Main entry>
Market Data > Pricing Environment > Pricing Parameter Set).

User Defined Calibration Framework - If LGMM_AUTO_CALIBRATE in the pricing parameter set is False, auto
calibration is not performed and a custom calibration should be defined. The customized calibration is controlled by
a separate framework which allows instruments and calibration to be saved against an individual trade or selection
trades.

The user can also enter fixed values the model parameters; model volatility, mean reversion and interest rate via
the following transient pricing parameters: MODEL_VOL, MEAN_REV and IR_RATE. These parameters are designed
for testing and allow an individual trade to be priced on the fly; they will not be used in risk or portfolio level
reports. This method of supplying the model parameters takes precedence over other calibration techniques.

Auto-Calibration

By default the calibration of the PricerLGMM1FBackward and PricerLGMM1FForward models is automated by using
the pricing parameter CALIBRATION_INSTRUMENTS and the user does not select specific calibration instruments.
For swaption trades the calibration is performed with instruments selected from the exercise schedule of the
transaction and the underlying swap details. E.g. for a typical Bermudan Swaption 10Y NC 5Y the calibration
instruments would be European swaptions selected to be the core diagonals i.e. 5Yx5Y, 6Yx4Y, 7Yx3Y, 8Yx2Y,
9Yx1Y. On a Fixed Tenor swaption the core swaptions would be 5Yx5Y, 6Yx5Y, 7Yx5Y, 8Yx5Y, 9Yx5Y.

For transaction types which are callable, including exotic callable swaps, the calibration instruments are selected to
be in line with the call schedule of the trade with a tenor relating to the structure of the underlying.

For non-exercisable / non-callable trades the calibration instruments are selected to be in line with the start dates
of the cashflow on the most frequently paying leg. I.e. the system will create the calibration instruments based on
the grid event dates that have been constructed for the trade.

In all of the above cases the strikes of the calibration instruments are set at the fixed strike of the trade or ATM
levels, The CALIBRATION_INSTRUMENTS drop down allows the users to control the strike level: CORE_SWAPTIONS
selects the fixed rate of the trade and CORE_SWAPTIONS_ATM selects ATM strikes.

As described previously the calibration scheme is controlled by LGMM_CALIBRATION_SCHEME pricing parameter.
There are a choice of three settings; EXACT_STEP_SIGMA, BEST_FIT_LM and APPROX_STEP_SIGMA.

User Defined Calibration Framework
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Configuration of Calibration Framework

When using PricerLGMM1FBackward and PricerLGMM1FForward the user is able to define the calibration
instruments to be used with the model; this requires the use of the Calibration framework.

Out-of-the-box, PricerLGMM1FBackward and PricerLGMM1FForward is designed to calibrate
AnalyticsCalibratibleLGMModel using LGMCalibrationFromTemplate. Refer to the Javadoc for information on
creating custom models that can be calibrated, and calibrators.

The section below describes the configuration steps of the calibration framework for PricerLGMM1FBackward and
PricerLGMM1FForward. Please note this functionality is only available for v10.0 of Calypso and beyond.

e Install Java 3D
. Configure Jars
e Add domain values

. Modify pricer configuration file

Install Java 3D

The hyper surface and calibration applications require the installation of Java 3D. Java 3D can be obtained at the
following link: https://java3d.dev.java.net/binary-builds.html

The user has two options when using Java3D with Web Start:

e Option 1 - Have Java 3D installed locally on the client machine. Web Start will pick up the jars from the
local JRE.

e Option 2 - The jnlp can use the following line to download the Web Start libraries from Sun - it will ask a
security question but installation of Java 3D on the client is not required: <extension
href="http://download.java.net/media/java3d/webstart/release/java3d-latest.jnlp"/>

Configure Jars

Add the following jars to the Calypso CLASSPATH:
e  j3dcore.jar
e  j3dutils.jar
e vecmath.jar

By default, the use of 3D graphics is turned off. It should only be turn it on only if Java 3D is installed. To turn the
use of 3D graphics on, set the environment property CAN_HANDLE_JAVA_3D to true.
CAN_RENDER_IMAGE_FROM_3D_RENDERER can also be set to true to allow snapshots of 3D graphs to be taken.

[NOTE: This should only be turned on if CAN_HANDEL_JAVA_3D is set to true, AND the current hardware supports
GLVERSON > 1.2. If the hardware does not support GLVERSION > 1.2 an exception will be generated and the
entire Java session will end.]

Domain value changes

Go to Main Entry > Configuration > System > Domain Values, make the following additions then click Save All
Domains. This configuration will also be performed via the Execute SQL process described in section 2.2.

Domain Name Value

CustomCalibrationFrameConfig AnalyticsFrameConfig

CustomCalibrationMeasureConfig AnalyticsCalibrationMeasureConfig

calibratibleModels AnalyticsCalibratibleLGMModel

Calibrators LGMCalibratorFromTemplate
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Pricer Configuration changes

For each product type to be priced with the PricerLGMM1FBackward or PricerLGMM1fForward add the calibration
model and calibrator as per the example in the below screenshot.

z Pricer Configuration Window

Mame |default | [Lazy Refresh
Parents | | ’ ” Clear
arket Data Information
Camment
Fricers Discount Curves Forecast Curves Surfaces Product Specific Model Parameters EX
Repo Credit ABS Correlation Cormmodity Custornn Trade Level Overtide Calibration
Swapkion A AnalyticsCalibratibleLarmodel i
PricerLGMM1FBackward “ LGMCalibrakorFromTemplate “
AnalyticsCalibratibleL aMModel w Defaul Trade ID|
add Madel ] [ Remave Madel [ Add Calibratar ] [ Remave Calibratar
Product Fricer Calibratible Model Calibratible Mode! Calibratar Default Trade I
Swap PricerLGMMIFBackward |AnalyticsCalibratiblel. .. CalibratibleL GMModel  |LEMCalibratar
Swapkion PricerCalibratibleLar  |CalibratibleLGRMModel
Swap |PricerLGMM1 FForward |AnalyticsCaIibratih|eL. .

’ Load H Mew ” Delete ” Save ” Save As ]

General Description of Calibration Framework

From the trade window choose Utilities > Calibration to perform on-the-fly calibration. The calibration window
shown below will be displayed. This framework is used to save a set of calibration instruments against an
individual trade or a selection of trades. Once a calibration scheme is saved, the trade will use these instruments to
price the transaction even if the trade window or Calypso is closed. The calibration set can be modified and re-
saved to a trade if required.
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[ Calibration | LGMCalibratorFromTemplate - Trade 1308 ==

Instruments Calbration

4 ﬂ B =3
Instrument Mame Warket Data | Madel Parameters | Pricing | Vega Points | Calibration Data | 4 b E
Swaption: Rec/40W[45M|LIBORI3M/0.0/R

Swapkion: Rec/731D/30M/LIBOR/3Mi0.0/R [ Real Time

Swaption: Rec/366D)42M/LIBOR/3MID.0/R.
Swaption: Rec/z22w/MILIBOR/EMIL.OR UsD_LIBOR_CALIB_SWAPTION_TEMPLATE CALIB_TEMPLATE/LISD(R)CLOSE 16/02/09 07:27:53,000 o'tlock EST

Swaption: Reci11890/1SWLIBOR/EM0.0R | || 5D_Swap_LGHM_MEAN_REY LGMM Mean Reversion L{USD(R)CLOSE 04/03/09 0S:54:08.000 o'tlock EST

Swaption: Rec/1007D21MILIBOREMD.0R | [ apti i i JOS109 07:02:06.000 o'clack EDT
Swnaption: Rec/930/51M{LIBOR[3M/0,0{R EDT

Swaption: Ret/825D]27MLIBOR,/3M{0.0R.
waption: Rec/1D/S4MLIBOR{3M/D.0/R
waption: Recf10330] 1BHILIBOR3MID.0R
waption: Rec/9L6D/2VILIBORI3M/0.0/R
waption: Rec/185D/4V[LIECRIZM/0.0/R
waption: Rec/14620/6M/LIBOR/3MI0.0/R.
waption: Recf13730/SM/LIBOR/3MI0.0fR.
waption: Rec/S52D/3VILIBOR/IM/0.0/R
waption: Reci 1831/ LY/LIBOR/3MI0.0/R.
waption: Reci643D/33M/LIEOR,3M/0.0/R.
waption: Rec/458D/39M/LIEOR3MI0.0/R.

Parameters 2

Hame value
=]
LGM Calibration M., EXACT_STER_SIGMA

Save asHew... | | Close

Calibrated PricingEnv: [default] - Pricer: [Pricerl GMM1FBackward] 22{05/2009 07:24:13

Template

On the left-hand side pane, the template represents the list of instruments used to calibrate the model. By default,
the instruments are European swaptions that make up the exercise schedule. If the trade is not exercisable or
callable the calibration instruments are selected to be European swaptions that are in schedule with the start date
of the cash flow period of the most frequent paying leg.

II ]
The user can add and remove instruments from that list using the = and X jcons. The default calibration set can

be reloaded by using the D icon. Additional columns can be displayed for more information using the Micon.

Once a set of calibration instruments is defined the user can drill down to the details and modify the parameters as
required.

Results
All the panels on the right-hand side display the results of the calibration.

The user can select which panels they wish to display from the View field. Each panel operates independently and
can be moved around, or rearranged according to ones needs.
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[ Calibration | LGMCalibratorFromTemplate - Trade 1326

Tnstruments Calibr ation
4N B B
Instrument Hame Market Dakta | Pricing [ Wega Poinks Calibration Data } 4B
Swwaption: Rec/ 18270/ 24 {LIEOR 300/ Description | Expiry Start End Tenar TTE Spot Basis Strike RelStrike PUER MkBlackval | MtPY
waption: Rec/72SDIEIMLIEOR SMIO.0I SWOPTION 200052011 22/05/2011  22J0Sj2016 5V 19945 3586388 0.0000 3586388 0.0000 454,30 328351 29,8797
Swaptions Recf21 S2D/L2M{LIBOR/SHMID.0R SWARTION 24.[0512012 2s’nsfzn12 ZEIDS’ZME 4 s.0082 3516 0.0000 3516 00000 356,54 25,0000 27,156,682
Swaption: Rer/1093D/48M{LIBOR [3Mj0.0/R sl 105}, 05 : : ! : : i : 1196
SWAPTION  23/05/2013  Z5{05/2013  25[05{2016  3¥ 4.0055 3.062347  0.0000 3.962347 0,000 262.25 27,0000 22,242.96
Swaption: Rec/1463D/36MILIBOR/3M/0.0/R
SWAPTION  22/05/2014  24/05/2014  24j05(2016  2¥ 5.0027 4081623 0.0000 4081623 0.0000 171,37 25,7000 15,622.23
SWAPTION  22/05/2015  24{05/2015  24J05{2016  1¥ 6.0027 4118916 0.0000 4118916 0.0000 84.03 24,6516 8,214.27
< | >
Wodel Parameters | 4>
Lock | Modsl Parameter valus
[] kappa 0.05
Sigma Time Dependent
Parameters 2
Name valus
!
LGM Calibration Made EXACT_STEP_SIGMA ——
Start Date End Date Walue
22j05/2009 enjosfz011 0.013996495881 46377
20/05/2011 2ajosfz01z 0.01158722862922899
24/05/2012 23/05/2013 0.011372674564192319
23f05/2013 e2fos/2014 0.011134259564271167
22f05/2014 2zfos/z015 0.01009550142251653
Parameter Chart ¥
Save asew... | [ Close
Callbrated PricingErv: [default] - Pricer: [Pricerl GMM1FBackward] 22J05{2008 07.05:47

Click a panel heading, and select whether to view it as a new horizontal panel, or as a new vertical panel.

Calibration Process

Add calibration instruments on the left-hand side and modify their parameters as required, then click Calibrate.
The system will compute Kappa aka LGM mean reversion, and Sigma the LGM model volatility.

If a fixed value for the LGMM_MEAN_REV pricing parameter is configured in the trade, only Sigma will be
computed.

If a fixed value for the LGMM_MODEL_VOL pricing parameter is configured in the trade, only Kappa (mean
reversion) will be computed.

Vega Points

The Vega points tab shows the points on the volatility surface to which the trade will be sensitive to.

Calibration
B
Market Data rPricinP/Vega Points rCaIibration Data rModeI Parameters 4 B8
VaolsurfacelD ExpDate Tenaor Spat AbsStrike
2080 20/05/2011 oY 3.5863585 3586355
2080 24/05(2012 4 3.835916 3.835916
2080 22/05(2014 2 4.081623 4081623
2080 23/05(2013 3 3982347 3.982347
2080 221052015 1% 4.118916 +4.118916

The order of the columns can be changed by drag and drop

Calibration Data

The calibration data tab shows the model volatility against the Black volatilities.



46 Nasdaq Calypso Analytics Library

Calibration
B
Market Data rPricing r\n'ega Point;/YCaIihration Data rModeI Parameters 4 F B
Description Expiry Start End Tenar TTE Spot Basis Strike RelStrike PVEP MktBlackiol | MkEPY

SWAPTION 20f05/2011 2z2/05/2011 Zzi05{2016 5V 1,9945 3.586355 0,0000 3.586355 0,0000 454,39 32,8351 29,579.79
SWAPTION 24/05{2012 26/05/2012 26/05/2016 4 3.0032 3.835916 0.0000 3.835916 0.0000 356.54 29,0000 27,156.82
SWAPTION 23f05/2013  25/05/2013  Z5/05(2016 3V 4,0055 3.982347 0,0000 3.982347 0,0000 262,25 27.0000 22,242.96
SWAPTION Zzf05/2014  24/05/2014  24)05(2016 2V 5.0027 4.081623 0,0000 4051623 0,0000 171.37 25,7000 15,822.29
SWAPTION 22{05/2015 24052015 24/05/2016 1% 6.0027 4.113916 0.0000 4.113916 0.0000 34.03 24,6516 8,214.27

The order of the columns can be changed by drag and drop

Model Parameters

The model parameters tab displays the computed Sigma and Kappa - The user can drill down to view the details.

[ calibration || LGMCalibratorFromTemplate - Trade 1326
Instruments Calibration
LN B =
Instrument: Hame Market Data | Pricing [ Weqa Points rcahbrat\on Dat;/Model Parameters 4B
Swaption: Recj18270/24M{LIBOR/3M/D.0/R e e e e m—— o
Swaption: Rec/7230{60M/LIBOR/3M0.0R. 0 K .05
Swaption: Recf21920{12M{LIBOR/3M(0.0/R e -
Swaption: Recj10990/48M{LIBOR/3M/D.0jR [
Swaption: Rec/14630/36M{LIBOR/3M/0.0/R
FP
Start Date End Date valus
22/05}2009 [z0f0siz011 |0.01399649588146377 |~
20/05/2011 [24fosizo1z2 |0.01158722862922809 o=
24]05/2012 |23fo5/2013 |0.011372674564192319 |
Parameter Chart 2
Sigma
0.0140
0.0135
Parameters £y lebiaflzle!
Mame Value o 00128
=] =
LGM Calibration Mode EXACT_STEP_SIGMA = oo
0.0115 H
0.0110
0.0105
0.0100
01-Jan-2010 01-Jan-2011 01-Jan-2012 01-Jan-2013 01-Jan-2014 01-Jan-2015
Date
Save as Mew.. ] [ Close
Calibrated PricingEnv: [default] - Pricer: [PricerLGMM1FBackward] 22[05/2009 07:05:47
Market Data
The market data tab displays the data used to calibrate the trade.
Calibration
=
Market Data rMDdE| Paramekers rPricing r\-'ega Paints rCaIibration Data ] 14 F B
] Model Parameters
[ Real Time

|USD_LIBOR_CALIB_SWAPTION_TEMPLATE CALIE_TEMPLATE/USD(R)CLOSE 16/02/09 07:27:53.000 o'dack EST
| USD_Swap_LGMM_MEAN_REW LGMM Mean Reversion 1/USD{RICLOSE 04/03/09 05:54:08. 000 o'clock EST

USD_Swaption_LIEOR_3M_DIS,USD_Swaption_LIBOR_3M_FOR  ZC USD Liborf/USD(RICLOSE 21/05/09 07:02:06.000 o'clock EDT

Pricing

Trades priced using the same calibration set can be added to the pricing tab. This sample implementation currently
supports NPV.
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Calibration
=
Markek Data rModel Parameter}/vPricing r'v'ega Paints rCaIibration Data 4 & B
_.j'_ _XI Price
(o} Instrument Pricer Measures
MPY
16,955, 44

Click Price to compute the selected pricer measures.

Click to add a trade. One can add a trade or an underlying instrument from the volatility surface.

Calibration Scheme

The calibration scheme is controlled by LGMM_CALIBRATION_SCHEME pricing parameter (see drop down menu,
bottom left corner of calibration window). There are a choice of three settings; EXACT_STEP_SIGMA,
BEST_FIT_LM and APPROX_STEP_SIGMA.

Workflow for using the User Defined Calibration Framework

Below is a description of the necessary steps for calibrating and pricing a trade using the PricerLGMM1FBackward
and PricerLGMM1FForward with the customized calibration framework:

e Set up trade (see trade example documentation for further information)
e Save trade

e Set up and save calibration instruments (see description of the calibration framework). If this
configuration step is not performed the following error message will be generated:

Error Message

Mo calibration loaded at :29/06/09 09:20:50.000 o'clock EDT for pricer PricerLGMM1FBackward on trade -1
Checkvaluation date and time are up to date or configure new calibration {Utilities-=Calibration) for trade -1

e  Move valuation date/time forwards (double click Val date)

. Price trade
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3.2.5 PricerLiborMarketModel

Single Currency

The Libor Market Model (Also known as BGM in reference to the quants that first developed the model: Brace
Gatarek Musiela) is a financial model used for the pricing of exotic interest rate derivatives. The Calypso
implementation; PricerLiborMarketModel supports the pricing of exotic swap and swaption products.

A Libor market model describes the evolution of a set of spanning, discrete forward LIBOR rates. Each of the
forward rates {f0, f1, ..., fn} represents the forward, as seen today, cost of borrowing over its reference period.
All the other quantities needed for valuation purposes (discount factors, swap rates etc.) can be derived from the
forward rates.

In the spirit of the original Black model, each of the forward IBOR rates evolves according to a displaced diffusion
stochastic differential equation

d fi i
% = (D dt + o; () dW (1)

With the drift term being a function of the forward rates and their volatilities and determined by no-arbitrage
arguments, see references [1] and [2] for a more detailed discussion.

The volatility of each forward IBOR rate can be specified according to the requirements of the product to be priced
so that a set of vanilla swaptions can be replicated while the cap market skew is reproduced.

Different volatility parameterizations are used in the market, the approach currently used in Calypso is the so-
called abcd parametric form

Gi(t) = Ki[(a + b(Tl - t))e_C(Ti_t) + d]

with the parameters (a, b, ¢, d) calibrated to user-selected swaptions and \mathbit\
kappa\mathbitieither set to 1 or calibrated to the cap volatilities.

The instantaneous correlation between two forward LIBOR rates is determined by the reset time distance
— ~—B(Ti—T;
p;j(t) = e B(Ti=T))
with beta being a user input and usually calibrated to historical data.

Calibration

The calibration can be accessed from Main Entry -> Market Data -> Model Calibration. Specify the Calibrator to be
LMM, the relevant Pricing Environment and the date/time of the calibration.

Calibration of the parametric abcd specification
The following need to be specified on the model calibration screen
e the name of the model calibration, to be used when accessing it through the Pricer Config

e the correlation Beta (as per the model exposition above). This will normally be calibrated by the model
user using historical data.
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e how the forward rate shift (s_i) will be specified. Setting ‘Shift Specification’ to
o  Flat will set the shift of the forward rates to the shift specified in Forward Shift

o Calibrated To Caplets will calibrate the shift to the caplet volatility surface provided as the Cap
Surface (this is in Beta version)

e the Number of factors in the model, should be at least 1

e the Solver Bounds for b whose format is lowerBound,upperBound e.g. 0,0.25.
¢ the Solver Bounds for ¢ whose format is again lowerBound,upperBound

e the Solver Target Long Term Vol which is a target value of the model a

e the Solver Target Short Term Vol which is a target value of the model a+d

e the Solver Target Penalty Weight which is the weight applied to the target constraints (recommended
default value when specifying the constraints is 100)

e Specify the Interpolation method to be, the recommended one being JAECKEL with FLAT_FORWARD
being deprecated

e Specify the Solver method, if a quick local fit is required use LM (for Levenberg-Marquardt), otherwise
use the slower global DE (for Differential Evolution) fit. The latter may take a few minutes, depending on
the number of calibration instruments.

e If the Solver method specified is LM, also specify the initial guess for the volatility parameters {a, b, ¢, d}

e Specify the Discount/Forecast curves and Cap/Swaption surfaces. Note that the Cap market is not
currently used so it can be the same as the swaption surface. The swaption surface must have a Swap
underlying set as it is used to manufacture swaptions during the calibration process.

e Specify the Swaption underlyings in the Calibration instruments tab. Note that, since the calibrator
optimizes the 4 model volatility parameters {a, b, ¢, d}, a minimum of 4 calibration swaptions must be
specified.

e Hit Calibrate, this will calibrate the model and return the calibrated model parameters and model detail
on the Model tab. Check that the calibrated model parameters are different to the initial guesses, if they
are the same this is an indication that the calibration did not work well.
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-
_A Model Calibration O | |
New Save Calibrate

Definition @ 0 X || Model m R X
§ | rorwargsnmt EREE
= || mitala 0.3000 = =2 4P E
- Tnitial B -0.0400
Beta
&l mitaic 0.2500 = UEIUUUUU i
Initial D 0.1300 o Clalibrabed A
Interpolation method JAECKEL TR
Min Mode! Grid Tenar 5 Clalibrabed 5 £
MNumber of factors 3 O ET
shift spedfication Flat o C.;Iibrabed c
Solver bounds for b 0,0.25 T
Solver bounds for ¢ 0,0.25 -
[ Calibrated D
Solver method LM T
Solver Target Long Term Vol {%&) 1] = y X
N =\ | 2 Forward shift
Solver Target Penalty Weight(%) 100 o Interpolation
Solver Target Short Term Vol(%%) o P
JAECKEL
= MDI Parameters 5 Maturity time points
Cap surface USD. VolatilitySurface. Black p
Discount curve USD. DiscountCurve. OIS Start ttme  End time Discount ... Forward ... Forward ... Shift (3%) Kappa
Forecast curve USD.ProjectionCurve. LIBOR _J 0.0000 0.2511 1.000000  [0.1191%  [0.183%%  [0.00% -
Swaption surface USD. VolatilitySurface. Bladk - 0.2611 0.5167 0.999689 [0.1482%  |0.1931% |2.00% 1.00
Categories 2 0 % 0.5167 0.7722 0.993310 0.1915% 0.2106% 2.00% 1.00
g = 0.7722 1.0222 0.998322  |0.2494% 0.2359% 2,00% 1.00
1.0222 1.2750 0.998199 0.3271% 0.2623% 2.00% 1.00
1.2750 1.5306 0.997375 0.4337% 0.2876% 2,00% 1.00
1,5306 1.7917 0.996271 0.5736% 0.2788% 2,00% 1.00
1.7917 2.0444 0.994781 0.7397% 0.3050% 2,00% 1.00
2.0444 2,2972 0.992924  |0.9273% 0.3270% 2,00% 1.00 i
'S_ a5
= 40
k=)
=
= 35
= 30
2
5= h
g
[ EB1s el
= E—
T 10
-
2 0 1 2 3 4 5 6 8 9 10
= . .
Time to Expiry
[0 Calibration instruments | (8] Madel
Ready

FAQ - parametric abcd calibration

o If you get an error message about wrong lambdas in the next step: this is usually observed when
using the local optimizer LM and the initial guess is not good enough. Either change the initial guess or
switch to the global optimizer - DE.

e  Which Solver to use, LM or DE. This will depend on the quality of the initial guess for {a,b,c,d}. If the
guess is reasonably good then probably use LM as it’s a local optimizer and, thus, quick. Otherwise use DE
but it will be slower. The best approach might to use DE once in a while to establish the neighborhood of

the solution then use LM with the DE solution as the initial guess.

Pricer Config setup

Main Entry -> Pricing Environment -> Pricer Configuration

Under the Product Specific tab associate the type of the trade to be valued (e.g. Swap) with the Pricer
(PricerLiborMarketModel) and the model calibration object under the usage Calibration

Under the same tab we can also set up (trade) discount and forecast curves for discounting and forecasting, usage
FUNDING and FOR respectively.
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I -
_A Pricer Configuration Window -“ mm |o— @M

Market Data Item ‘LMM calibration

=

Mame |defﬁult [V] Lazy Refresh
Parents | | [ ” Clear ]
Market Data Information
Comment
i

Repo I Credit | ABS | Correlation I Commodity I Custom | Trade Level Override I Calibration
Pricers. Discount Curves | Forecast Curves | Surfaces | Product Spedific | Model Parameters | FX
[ Select Specific Product ‘ANH‘ v|| | [ .. |
Currency [USD vl Type lSwap - HANY v“AN‘F v]

Pricer [PrioerLborMarketModei vl Usage [Caitxaﬁon vl [ Add ]

USD.Swap. ANY. ANY Calibration

PricerLiborMarketModel

Product Usage Pricer - Market Data Item
LISD.Bond . ANY . AMY Calibration PricerLiborMarketModel LM calibration(12001) -
USD. Swaption, ANY  ANY FOR. PricerLiborMarketModel ZeroCurveRates(7501)

LMM calibration(12001)

PricerLiborMarketModel Zero Simple 511)
PricerLiborMarketModel Zero Simple 2(33512)
PricerSwaptionLGMM 1F BMO_MeanRev(17502)
PricerswaptonL GMM 1F BMO_MeanRew(17502) -

USD. Swap. ANY . ANY
LISD. Swap. ANY . ANY
USD. Swaption. ANY . ANY
ELR. Swaption. AMY ., ANY

FUNDING
FOR

LGMM_MEAM_REV
LGMM_MEAM_REV

|[L°ad][~ew][ﬂéeﬁl[5avelese_ ﬂ

Valuation of American Swaptions

The valuation of American swaptions is also supported through the use of an implementation of the Longstaff-
Schwartz algorithm. At each exercise date the algorithm computes the estimated exercise and continuation value
based on a training set of paths and, based on that, computes a lower bound on the value of the option for that
path.

When valuing an American option from the Swaption window there are 2 ways to specify the proxy exercise
schedule:

1. Specify the exercise schedule on the Exercise Schedule tab

2. Clear the default exercise schedule on the Exercise Schedule tab, thus using a default monthly proxy
schedule.

When valuing an American swaption as part of a cancellable swap the default monthly exercise proxy is used.

Cancellable Swaps

The valuation of cancellable swaps is currently supported by the LMM, however all of the legs have to be either
Fixed or Float.
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Market Data

Description

LMM Calibration The calibration of the Libor market model is stored on a ModelCalibration object that can
be setup from Market Data ->Model Calibration.

Pricing Parameters

Pricing Parameter

Type

Description

Typical
Value

ACCURACY_LEVEL

Integer

An integer (1 to 11) specifying
the accuracy of the Monte Carlo
simulation with 11 being the
most accurate and slowest.

Pricer Measures

Pricer Measures

Description

NPV Net Present Value
WAL The Weighted Average Life of the underlying swap
MC_GRAPH A graph displaying the convergence of the simulated NPV

Cross Currency

The cross currency model builds on the single currency model, adding a dynamic equation for the FX rate of each
currency pair in the model. Although the volatility of any FX rate will in general be stochastic, an approximation of

its volatility is employed during calibration that seems to be effective, see the Calypso LMM white paper.

Calibration of the FX volatility

As with the single-currency calibration you access the Cross-Currency calibration window through Main Entry ->

Market Data -> ModelCalibration

There is a main section where the user specifies

e The name of the calibration
e The base currency

e The calibration date/time

e  The calibrator - LMMMultiCurrency in this case

e The pricing environment to be used

e The additional currencies (excluding the base currency)

e  The number of factors of the Cross-Currency model

e The LMM (single currency) calibration for the base currency

For each additional currency AC there is a tab that is used for specifying
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. [AC]Base_IR/FX Rho: the correlation of the base IR market with the Base_IR/AC_IR FX rate
. [AC]_IR/Base_IR Rho: the correlation of the base IR market with the AC_IR market
. [AC]_IR/FX rho: the correlation of the AC_IR market with the Base_IR/AC_IR FX rate

e The volatility surface of the FX rate of the currency against the specified base currency

e The single currency LMM calibration of the currency

Using the screenshot below as an example with USD being the base currency and EUR being an additional currency
those 3 correlations would be

. USD_IR / FX Rho, the correlation of USD interest rates with the USDEUR FX rate
. EUR_IR/USD_IR Rho, the correlation of USD interest rates with EUR interest rates
e EUR_IR/FX Rho, the correlation of EUR interest rates with the USDEUR FX rate

Model Calibrati

New Save Calibrate

—l Definition [=) Y | ‘ Model
§ El Definition J EUR |
2 Name USDELR. Calibration.LMM
m Currency usD [=] Base currency
= Datetime 13/04/2014 11:59:28 UsD
Calibrator LMMMultiCurrency [=] FX DomesticIR Correlation
Pricing Env OFFICIAL ~70.0000
B calibrator Parameters [=] FX ForeignlR. Correlation
Currencies ELR 50,0000
Number of factors 7 [=] ForeignIR. DomesticIR Correlation
= MDI Parameters 65,0000
Base LMM Madel USD. Calibration. ShiftedLMM [ Maturity time points
Tenor FX Vol (%)
0.0000 [7.4259%
0.2511 7.4258%
0.5167 8.2197%
0.7722 8.7026%
L0222 8.5157%
1.2750 19.3160%
1.5306 9.2802%
1.7917 9.3082%
i u)l
M B 2.0444 9.5016%
| EuR | 4F 8 22972 10,1357%
[l Calibrator Parameters 2.5500 10.1788%
[EUR]Base_IR/FX Rho(%) 70,0000 2.8028 10.2043%
EUR_IRBase_IR Rho(%) 65.0000 3.0583 10.2502%
EUR_IR/FX Rho(%) 60,0000 3.3083 10.3929%
[l MDI Parameters =
EUR FX volatility surface EURUSD.VolSurface.FX 3- I
ELR LMM Model EUR. Calibration, ShiftedLMM = _/—/
3125 — N —
s i
o T
3 100 =
o 10
1) -/
=
.
c 75
]
=
2 0.0 25 5.0 7.5 10.0 125 15.0 175
=

Time to Expiry

[=71 Calibration instruments I [557] Model |

I Ready

Finally, for each additional currency, a single (template) underlying needs to be specified whose tenor is 0D and its
strike is a relative strike to ATF
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= MDI Parameters
EUR FX volatility surface
EUR LMM Model

EURLSD. VolSurface.FX
EUR. Calibration. ShiftedLMM

=
. Clalaliel
2 2 Definition 408
2 Mame USDEUR..Calibration.LMM
@ Currency usD .A Lt E
— Datetime 13/04/2014 11:59:23 _ ) .
Calibrator LMMMultiCurrency e Zie /Tl S0 S
Pricing Env OFFICIAL 04/13/2014 i8] Rel 0,0000
E Calibrator Parameters
Currencies EUR
Number of factors 7
E MDI Parameters
Base LMM Model UsD. Calibration.ShiftedLMM
| Categories o o X
EUR | 408
= Calibrator Parameters
[EUR]Base_IR,/FX Rho(%s) ~70.0000
EUR _IR/Base_IR Rho(%:) 65.0000
EUR_IR/FX Rho(%) 60.0000

[=71 calibration instruments  {[271 Model

I Ready

At that point, the model can be calibrated by hitting 'Calibrate'. For each currency, the calibrated FX volatility curve
appears on the Model tab.

Pricer Config

Similarly to the single currency model, the MDI gets assigned according to the base currency

Ee |

-
A Pricer Configuration Window

Name OFFICIAL [C] Lazy Refresh

Parents

Comment

Pricers | Discount Curves | Forecast Curves | surfaces | Product Spedific | Model Parameters | Fx | Repo | credit | ABs [ correlation | commedity | custom | Trade Level override | calibration|

[] Select Spedfic Product ANY

Currency (USD  w | Type |SwapCrossCurrency - || any -

Pricer | PricerLiborMarketModel = Usage | Calibration -

Market Data Ttem |USDEUR.Calibration.LMM

Product Usage « Pricer Market Data Item

L L S GUI R AN T AT LA _is A USL-1DUA-LET U LU vETIo0)

EquityIndex.5PX DIVIDEND ANY SPX.DividendCurve(15131) i
EUR.Swap. ANY.ANY Calibration PricerLiborMarketModel EUR. Calibration. Shifted MM(13134)

[EUR.Swaption. ANY.ANY Calibration PricerLiborMarketMode! [EUR. Calibration. ShiftedLMM(13134) | |
USD.EquityStructuredOption. ANY. ANY Calibration PricerLiborMarketMode! USD. Calibration. LMMWithCaps(14631) \
USD,Swap, ANY  ANY Calibration PricerLiborMarketMode! USD, Calibration, ShiftedLMM{12631) £
UISD. SwapCrossCurrency. ANY. ANY Calibration

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved



Nasdaq Calypso Analytics Library

Additional requirements and FAQ

55

e As the simulation is based on the time grid of the base currency model, all the additional models that are
used in the cross-currency calibration need to have the same model tenor. You set that when specifying
the volatility surface swap underlying. Note that the model tenor is independent of the LIBOR tenor of the
market that is calibrated; it only specifies the tenor of the forward rates that are used as the building
blocks of the LMM model. In the USD/EUR cross-currency model example, the natural model tenor for USD

might be 3M wherein the EUR model tenor would have to also be specified as 3M.

‘4 VolatilitySurface3D USD.VelSurface.Black USD CLOSE LIBOR 3M User{calypso_user)(PE OFFICIAL)

[E=gEES)

Surface  Utilities Help

Mame |USD.VolSurface.Bladk CLOSE - | Date |05/28/2010 11:55:00 PM [ Current
Defirition | Underlyings | Quotes | Points | Graph|
Comment
vol Type [RaTE = Vol Model [gjack (7}
Currency :USD v: Generator [ Derived .Swapﬁon V.E]
Index :LIBOR v3M v: Interpolator :Interpolabar3DLinear vE]
Point Underlying .Su\'ap I meset Underlying Vol Point
Include Tenor Axis Fmuzas ter=
Strike Type | Relative Spread -
DateRoll [Mop_FoLLOw =
. | J
Holidays |pgyc E]
Pricing Environment | oFFICIAL v
@8
MDI Mame Value
SWAP_DISCOUNT
SWAP_FORECAST
SWAPTION_DISCOUNT

- ) pFrea. [non =)
Index Tenor | 34 - | . .
yCount | ACT/350
. L

Source |LIBORO1

DateRoll  [Mop_FoLLOW =)
[E] Act
Holidays | o, NyC [
[ Manual first reset . r 1
Period Rule | spJUsTED -
[ Check first reset : .
Float Side
[ startlag E] Freq. QTR -
Int, Method | NONE > | cmpFrea. o

DayCount | 4cT/380

DateRall  [Mop_FoLLow -
Holidays || on,NYC [
Period Rule [ ApJUsSTED v

Apply Change Close

| Load... | ’ MNew ] [ Delete... ] ’ Save ] ’ Save As oo
k -_
[ A USDVolSurface Black —— |
Currency |USD Fixed Side i .
r Frea. SA -
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e When valuing a cross currency trade there is a base currency allocated to the trade according to some
standard Calypso logic - e.g. for a cross-currency Swap this may be the currency of the Pay leg. This is
the currency that will then be used to retrieve the calibration through the Pricer Config and express the
trade valuation in. If this is not the natural currency for a particular trade you can use the parameter
LMM_MEASURE_CURRENCY for that purpose. For instance, for valuing a cancelable Pay AUD / Rec EUR
swap you may want to have EUR as the base currency and use a EUR/AUD (base currency/additional
currency) LMM calibration, in that case you can specify EUR as the LMM_MEASURE_CURRENCY.

References
[1] Engineering BGM, A. Brace

http://www.amazon.co.uk/Engineering-Chapman-Hall-Financial
Mathematics/dp/1584889683/ref=sr_1_1?ie=UTF8&s=books&qid=1292504752&sr=8-1

[2] Extended Libor Market Models with Stochastic Volatility L. Andersen & R. Brotherton-Ratcliffe
http://www.globalriskguard.com/resources/fideriv/andersen.pdf

[3] Efficient Pricing and Greeks in the Cross-Currency LIBOR Market Model, C. Beveridge, M.S. Joshi & W.M.
Wright http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1662229
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3.3 Pricers for Callable Notes - PricerLGMM1FSaliTree

Overview

Calypso Analytics currently supports pricing of notes with PricerLGMM1FSaliTree: callable notes, cancellable notes,
Bermudan "Notes" with step up/down coupons, American notes and Cancellable Flippers with optionalities. The
model used for the valuation of each of these variations of products is the LGM model discussed in detail within this
document.

Calibration is performed to standard European swaption with characteristics specified in the surface Point
Underlying

[ A VolatilitySurface3D YOL BP_VOL SWAPTION USD LIBOR USD CLOSE LIBOR 3M User(calypso_user)(PE OFFICIAL) (User: cal...

Surface  Utilities  Help

Mame ‘SP_\IOL SWAPTION UISD LIBOR| ‘CLOSE v| Date |22108;’2011 | |15:30:56 [] Current

DEFiﬂitiUn|Underlyings Cuokes | Paints | Graph

Camment
Yol Type [RATE v|  volModel @
Currency ‘LISD Vl Generator [] perived ‘SwaptiDnBu\l’U\s V‘D
Index (| 150R T v | Interpolator |Interpolator3bLinear v ]
I Poink Underlying | spap [ Reset Underlying Yol Paint
Include Tenor Axis [FEREIEED e
TRANSFORMATION_METHOD |' EXACT
Strike Type ‘Ralat\ve Spread b |
DateRoll [MoD_FoLLoW v|
Halidays ‘Nyc |@
Pricing Environment ‘OFFICIAL vl
[ Load. [ Hew ] [ Delete. .. l [ Save l [ Save As

Option notional and exercise fees

The option notional is the Bond trade nominal — which is split between the bond Face Value (specified in the Bond
product) and the (implied) trade quantity. The Issue Price and Redemption Price are assumed to be 100% and not
used by the option pricer. The exercise fee is a percentage of the initial nominal.

Market Data Configuration

Market Description
Data

Discount Same as PricerSwaption - Standard Configuration if not set up in the Volatility surface

Curve
Alternatively a funding curve can be defined as a MDI parameter in volatility surface under

SWAPTION_DISCOUNT.

MDI Mame Value
SWAP_DISCOUNT

SWAP_FORECAST
SWAPTION_DISCOUNT BMO_FUMNDING 26/02/13 09:04:48...

Forecast Defined on the Product Specific tab in the Pricer Configuration shown as below if the coupon is
Curve floating.
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Market Description
Data
Ignore this step if the bond has fixed rates only. In this case the discount curve will be used for
forecasting as well during calibration.
ANY
Currency |JSD - | Type .Bond v”ANY = ..ﬁ.NY |
Pricer .PricerLGMMlFSallTree v. Usage -FOR v.
Market Data Item |ZeroCurveRate? E]
Product |Usage Pricer — Market Data Item
USD, Swaption, ANY, ANY LGMM_MEAN_REV |Pricer5waptionLGMM1F |BMD_MeanRev[1?5[JZ) -
USD. Swaption. ANY, ANY Calibration PricerLiborMarketModel LMM calibration(12001) b
USD.Bond. ANY. ANY Pricerl GMM 1FSaliTree ZeroCurveRate2(5501)
JSD.Bond. ANY ., ANY WOL PricerL GMM 1FSaliTree Simple Bp Vol({19501)
USD.Bond. ANY . ANY LGMM_MEAN_REV  |Pricerl GMM 1FSalTree BMO_MeanRev(17502) —
Additiona | Using the same generator and surface underlyings as before. In the MDI parameter area, you will
| Zero see the below three new items, all of kind CurveZero.
Curves
SWAP_DISCOUNT - this MDI will be used as the vanilla discount curve.
SWAP_FORECAST - this MDI will be used as the vanilla forecast curve.
MDI Mame Yalue |
SWAP DISCOUMT 115D, 3MLIBOR. FLAT/2 5% 62618 71...
SWAP_FORECAST 150, 3M.LIBOR.FLAT/2.5%: 6f26/18 7:...
SWAPTION_DISCOUMNT
Swaption | Same as PricerSwaption - Standard Configuration
Volatility
LGMM Same as PricerSwaptionLGMM1F
Mean
Reversion
Matrix

Pricing Parameters

Pricing Parameter Type Description Typical
Value
LGMM_MEAN_REV Rate Same as PricerLGMM1Fbackward
LGMM_MODEL_VOL Rate Same as PricerLGMM1Fbackward
LGMM_IR_RATE Rate Same as PricerLGMM1Fbackward
LGMM_CALIBRATION_INSTRUMENTS Choice Same as PricerLGMM1Fbackward
— Calibration for
PricerSwaptionLGMM1F is
controlled via pricing parameters
only, it does not use the
calibration framework

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Pricing Parameter

Type

Description

Typical
Value

LGMM_CALIBRATION_SCHEME

Choice

Same as PricerLGMM1Fbackward
- Calibration for
PricerSwaptionLGMM1F is
controlled via pricing parameters
only, it does not use the
calibration framework

LGMM_CONTROL_VARIATE

Boolean

When pricing the Bermudan, also
price the first European
numerically and use it as a
control variate.

FALSE

LGMM_LATTICE_NODES

Integer

The number of nodes in the
discretisation of the state space
of the Markov process.

35

LGMM_QUAD_ORDER

Integer

The number of point in the local
quadrature rule used in the roll-
back routine.

20

LGMM_LATTICE_CUTOFF

Double

The number of deviations to the
outer model node in the state
space discretisation.

LGMM_RISK_OPTIMISE

Boolean

Controls whether or not
optimization techniques are used
within scenario analysis, in
particular for shift and re-values
of the volatility surface.

TRUE

LGMM_MIN_MEAN_REVERSION

Rate

When using
CALIBRATION_SCHEME=BEST_FI
T_LM the user can control the
minimum level of mean reversion
permitted within the calibration.

-1%

LGMM_MAX_MEAN_REVERSION

Rate

When using
CALIBRATION_SCHEME=BEST_FI
T_LM the user can control the
maximum level of mean
reversion permitted within the
calibration.

5%

LGMM_MIN_SIGMA

Rate

When using
CALIBRATION_SCHEME=BEST_FI
T_LM the user can control the
minimum level of model volatility
permitted within the calibration.

0.01%

LGMM_MAX_SIGMA

Rate

When using
CALIBRATION_SCHEME=BEST_FI
T_LM the user can control the
maximum level of model
volatility permitted within the
calibration.

2%

LGMM_BEST_FIT_GRAPH_MESH_SIZE

Integer

When the Pricer Measure
LGMM_BEST_FIT_ERR is used,
this parameter controls how fine

30
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Pricing Parameter

Type

Description

Typical
Value

the mesh used in the brute force
search is.

*MAX_DAYS_SPACING

(*Implemented and applicable for American
fixed tenor swaptions only)

Integer

Maximum number of days
between time splices in the
lattice to be used when pricing
American Fixed tenor swaptions.

User enters an integer related to
the number of days to
approximate exercise schedule
used in pricing e.g. 30 days

30

LGMM_CALIB_SPACING

Integer

For American swaptions a flag
pertaining to the minimum
number of days between
successive exercise dates
becomes visible.

Ensure that this spacing is less
than or equal to the frequency of
the exercise schedule

LGMM_CALIB_SPACING_SWITCH

Integer

For American Swaptions a flag
decides the option could be
exercised daily up until X days
after val Date.

LGMM_LAST_EXERCISE_DATE

String

Option to set last exercise date
for long-term American options.
Could be of format '10y', '5m’,
'3d' or 'dd=10/mm=03/yy=2010'

Null

LGMM_CALIB_MIN_CALENDAR_DAYS

Integer

Parameter to control the
construction of the calibration
instruments, the aim is to
remove instruments with short
dated expiries from the
calibration process.

If >0, the lag between the value
date and the next exercise date
will be at least the number of

days assigned to the parameter.

LGMM_CALIBRATE_TO_OTM_OPTIONS

Boolean

If set to true it will calibrate to
OTM options when valuing
regular (with no variation in the
notional or coupon) Bermudan
options.

False

LGMM_ADJUST_FOR_MIDFLOW_EXERCIS
E

Boolean

If set to true, a flat forward
approximation is used in

y(Tex, Te) * (F(Tex, Tex, Te) + [
F(t, Ts, Te) - F(t, Tex, Te) 1)

True

LGMM_CALIBRATE_TO_STD_OPTIONS

Boolean

if set to true, it calibrates to
vanilla swaptions as specified by
the point underlying swap on the
volatility surface used.

True

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved




Nasdaq Calypso Analytics Library

61

Pricing Parameter

Type

Description

Typical
Value

Note that Bermudan options on
irregular swaps (i.e. with
amortising notional, fixed coupon
schedule, zero coupon payment)
use standard swaption calibration
always.

CALIBRATION_VOL_TYPE

Choice

BLACK_VOL, BP_VOL

The volatility model used when
calibrating the model.

BLACK_VOL

SWAP_REPLICATION_METHOD

Choice

swap_rate_offset,
overlap_negative_weights

Defines swap replication method
—methodology described below.

swap_rate_
offset

DATES_TO_TENOR_THRESHOLD

Integer

The number of days within which
a whole year is preserved

NPV_INCLUDE_COST

Boolean

If set to True for Bond pricing,
settlement amount is included in
the bond NPV pricer measure.

True

NPV_INCLUDE_COST_AFTER_SETTLE_DA
TE

Boolean

Should be set to False for Bond
pricing. It means that once the
bond trade is settled, the
settlement amount is no longer
included in the NPV.

False

ZD_PRICING

Boolean

If True for Bond, the price is
discounted until today instead of
settlement date.

True

LGMM_CALC_FUNDING_SPREAD

Boolean

If true we calculate the OAS
described below and apply the
same to the funding curve before
pricing.

false

Type 1: Callable Bermudan “Notes”

In this variant the bond is callable.

An example trade would be
Calypso Product: Bond
Maturity 5y

Notional USD 1000

Coupon: 1%
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Call Schedule Credit Events Impairment Events
Bond Coupon Market Special CashFlows Primary Market Legal Entities
Bond Class | Bond w Baond Type |IUST | Security Type
IssusDate  DatedDate  Maturity Dake Tssuer [USGHT (]
Z9/06{2011 291062011 29/06{2016 5w B Eovammict
Country |UNITED STATES w
Issue Price Currency Redem. Price Redem. Curr, Tokal Issued Face Yalue
100 | UsD ~ 100 | s A 100,000 1,000
Code |EBB_CALC_TYP v
Comment Min, Purchase Ak,
a
Set Cuskom Data Bond Status w Issue Credit Ratings ...
Call schedule Credit Events Impairment Events
Bond Coupon Market Spedial CashFlows Primary Market Legal Entities
Fized Rate Rate Ciy |USD | Daycount |ACT/360 R
Holidays |[MYC B Roll Day 0| Payment Lag o|[JBus
Payment Rule |UMADIUSTED 4 Date Roll |MOD_FOLLOW w
Frequency |P4 £ [ Pre-paid  |MOME v
Acc Daycount | ACT360 w | [] Use In Stubs
[[] use Date Rule
Stub Start

Nasdaq Calypso Analytics Library

The trade is booked as a callable bond with exercise dates, see example below. The fee at each exercise date is the
percentage of the bond face value paid/received if the option holder exercises into the bond.

The Option Type of all exercise dates is set to CALL.

The price of 100 indicates callable price is 100% of original notional.

Eiond Coupon Market Special CashFlows Primary Market Legal Entities
Call schedule Credit Events Impairment Events
Effective Call | worst - Redemption Type | Full -
Calls{redemptions | Lottery Winner Redemptions
;&
L4 Lot el | i
Option Type  Exercise Type  Redemption Date  Motif Date | Price | Exercised?  Redemption Amount  Prior Motional | Oukstanding Motio
CALL EBermudan 2006 2011 20/06/2011 100(~ Mo 0.00 0
ALl Bermudan 29/06f2012 29/06/2012 95| Mo 0.00 0
CALL Bermudan 29/03/2013 29/03/2013 90|~ Mo 0.00 0

The bond is booked as usual with the callable bond being populated with the callable details. Nominal in the trade
shows the notional used in the trade, which can be different from notional (Total Issued) set in the product

window.
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BondFixedRateCancellable/5Y /291064201 6/

Trade BackCffice Bond Cashflows Analytics Pricing Env  Market Data  View  Utiities  Limits  Help

Trade | Details | Cashflows | Fees

: 1 Mod User :(calypso_user) [120100/Release] (I

rTrade Detail
|Euy [EJNams @jundﬁxedRateCancellab\efSVp’ZQ,iUSp’ZD16,!1% @|[ Browse J
Nominal L Yield Settle Date _
rProceed Price Det ail; Benchmark. Det ail: EBond Detil
Prlnc\pal Clean Price l:l Clean Price l:l Market Quote I:l
Tntal Dirky Price l:l Spread l:l Aecrual Days I:I
oy USD lj Grass Price. l:l Namel:l Current Nnmmall:|
2 Margin l:l Current Coupon l:|
Settlement 0.00 Prepay Speed Pool Factor l:|
- Settlement
Comtepaty [ ot | [ wore
Baook Flobal lg| B Trade Date Status
rBundle Entr
Trade Date ‘29;’0612011 ‘ Types ‘ @| Mames | @|
[ Finance J [ Asset Swap J [ Petformance Swap J [ IR Swap J
rAdditional
Mirror BDDK Market Type Trade Classification ljl
Cumment| |

Market Data | Pricer Params | Results

LGMM_TIME_DEP_MEAM_REY Mew MR kueZfUSD(R)CLOSE 21/06{11 14:34:37,000 o'dock BST

USD_LIEOR_CALIE_SWAPTION_TEMPLATE Calib_Swaption_TemplatefUSDIR)CLOSE 01/07/0% 15:10:04.000 o'clock B5T

USD_Swaption_LIBOR_3M_DIS,USD_Bond_LIBOR_3M_FOR,FUNDING ZC USD Libor 3M/6M/USD(RICLOSE 27/07/11 13:54:02,000 o'clock BST

USD_Swaption_WOL WOL BP_YOL SWAPTION USD LIBOR/USD(R)CLOSE 22/08(11 15:30:56,000 o'dock BST

Val Date: |23fns,iznu | |1T:DE:44 ‘ Pricing Env ‘OFFICIAL

| =

The pricer to use is PricerLGMM1FSaliTree and the usual LGM parameters need to be setup.

63

The callable bond in this case is similar to a Bermudan swaption that receives a fixed leg with same fixed rate and

exercise schedules:
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Trade | Details | Cashflows | ExercisejSettlement
Expiry DE Delivery Dt | Fee as Percent  WFee (amt) N Fee (%) nclude | Accrual
From 29i06/2011 29062011 2afoezo11 | v | 0.0 w0l = .00
To 20j08/2016 29/0s/2012  [zsfoejzo1z i ] | | 0.0 s ] 0.00
2afozjzons [2afoajzans [v] | | 0.0 aolfl [+ 0.00
Frequency |QTR - | | |
DateRall  |MOD_FOLLOW A
Roll Day MONE w
Holidays m
Offsat 2 ||D v |Bus B [N Te...
| [ Lock Exercise Periods ‘ < [y
[ Add l [ Remove l [ Clear Al

Type 2: Cancellable Bermudan “Notes”

In this variant the bond is cancellable.

An example trade would be similar as a callable bond only the call schedules should have option types PUT.

Bond
Maturity 5y
Notional USD 100,000

Coupon: 1%

Option Schedule: All exercise dates have option type set to PUT.

This trade is booked as a cancellable bond as before. In this case, the price of a bond is the sum of an option and
the value of the bond (calculated from bond itself).

Below is an example of a cancellable bond pricing results. NPV_CANCEL indicates the value of the cancellable bond
and NPV_UNDERLYING indicates the value of the bond.

Market Data || Pricer Params | Results

Pay/Rec

CALIBRATION_RESULTS

LGM_MODEL MPY_CANCEL NPY_UMDERLYIMNG

Val Date |24/08/2011 10:11:40

Pricing Er

OFFICTAL

Price: Close

NPV_CANCEL should be close to the value of a similar payers Bermudan Swaption.

Type 3: Bermudan "Notes" with step up/down coupons

This is essentially an accreting bond and can be booked as such using the bond definition window.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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A —— aE
File  Help
P S BFIX IS e
Hame |Cancs\lab\e ||EMTN VHD Prudu:tldl:l
5ecuntyCode|EB,anc,WP v” H Load ] Templates ...
Call Schedule Credit Everts Impairment Events
Bond | Coupon | rket Speri oUDo .
Wariable E CEYI: Period Start Date Period End Date Coupon
29/06/2011 29i06§2012 1 Coupon Date Rule
29/08,2012 29{06,/2013 z
. —_—| |
29/06/2014 29/06/2015 n
29/06/2015 29/06{2016 S
Start Date |29/06/2011
End Date |29/06/2018
Holidays |MYC E
Payment Rule | UNADIUSTED v
Generate
Stub End
[ Clear ] [ Apply I [ Cancel ] |

Note that this note is an 'irregular' option type and, therefore, the SWAP_REPLICATION_METHOD parameter needs
to be defined. Currently the only supported method is swap_rate_offset.

Type 4: Cancellable American "Notes"

Similar as cancellable Bermudan notes, a cancellable American note has one and only one cancellable schedule
exercise type American.

Redemption date indicates the first call date with the minimum of X business days notice. This X is defined by
(Redemption date - notification date). The bond can be cancelled daily until the bond maturity date.

The parameter STUB_TOLERANCE is hard coded to 0 when creating standard calibration swaptions, so that the first
short period of cashflow will always be taken into account.

Calls/Redemptions | Lottery Winner Redemptions |

|_-J'L l—ihﬂl }.I

Option Type  Exercse Type  Redemption Date  Motif Date  Price  Exercsed? Redemption Amount  Prior Notional — Outstanding Motional
- CALL |~ American  |01/01/2015 |23/12/2014 |  100|~ Mo | 0.00 0|

Two transient/global parameters are supported for American cancellable bonds:
CALIB_SPACING_SWITCH - initial number of days for which the valuation model assumes daily exercise
CALIB_SPACING - call frequency after the initial daily exercise period at the front end of the trade

Calibration to Standard Swaptions

When using PricerLGMM1FSaliTree any callable trade can be valued by calibrating to the standard swaptions of the
reference swaption market. The conventions used to define the standard swaptions are set on the Point Underlying
of the volatility surface. This feature is only available on volatility surface in Calypso v12.0 onwards.
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= voL BP_VOL SWAPTION USD LIBOR E]
Currency |USD Fixed Side
Rate Index |LIEOR = | Fea P& -
Indesx Tenor | 1% ~ Cmp Freq. | Mo -
Source |LIBOROL | DavCount |acTizsa ~
[ act DateRall | mMoD_FolLow ~
[] Manual first reset R LBHLHE E]
Period Rule | apJUsTED =
[] Check First reset
[] start lag E] Float Side
Int. Method |NONE 3 | e PA -
Zmp Freq. | pop v
DayCount | AcCT 360
DateRoll  |mon_FoLLow -
Holidays LOMN, NYC E]
Petiod Rule | apIUsTED -
Apply Change ] [ Close ]

Type 5: Cancellable Flipper "Notes" with optionality’s.

Similar as cancellable Bermudan notes, a cancellable flipper is a fixed couple cancellable note that “flips” at a
couple date and turns into a cancellable FRN.

Optionality type Collar, Cap and Floor are also supported.
Eiond | Coupon | Iarket Special I CashFlows | Primary Market | Legal Entities

Eullet [~ Lockout

Floaker  Type ICoIIar 'l Capl 3 Floorl 2
Reconventionsd Date IUQ,I'ZU,I'ZUIQ DayCount IP.CT,I'SSD j
Flipper  Date Iugxzurzmg Details |Fixed To Floating |

Pricer Measures

EFFECTIVE_DURATION and EFFECTIVE_CONVEXITY

The measures EFFECTIVE_DURATION and EFFECTIVE_CONVEXITY are computed by shifting the Trade Funding
Curve by a fixed amount (1bp) up as well as down and computing the derivatives numerically.

PvDown — PvUp
2*shiftxPvBase

EFFECTIVE DURATION =

The EFFECTIVE_CONVEXITY is computed as the second derivative, using the same values:

PvDown —2+*PvBase+ PvUp
shift? * PvBase

This method requires a change when the BOND_FROM_QUOTE parameter is set to true. In such a case the naive
calculation will return a value of zero for both parameters. Therefore, in this case we compute the Option Adjusted
Spread at the same time as the PvBase, and we store this parameter as the INSTRUMENT_SPREAD quote. After
that, the calculation proceeds as in the previous case.

EFFECTIVE CONVEXITY =

OPTION_ADJUSTED_SPREAD (OAS)

This is @ new pricer measure that’s introduced to calculate the funding spread. When one shifts the funding curve
by this spread, the NPV(price) of the bond should match that from the market quote.
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We can also replicate the result by using a new funding curve built from the original funding curve and this spread.
NPV should be the same.

There are two ways to calculate OAS -

e By putting the OAS pricer measure in the pricing results. In this case we calculate the OAS only and
display it in the pricing results.

e By setting LGMM_CALC_FUNDING_SPREAD to true. In this case we not only calculate the OAS but apply
the same to the funding curve before pricing.

3.4 Pricers for IDI derivatives

3.4.1 PricerIDIAnalytic

Overview

PricerIDIAnalytic supports the valuation of vanilla options, where the underlying is the IDI index. (IDI options)

Definition of the IDI (as per BM&F):

The Average One-Day Interbank Deposit Rate Index (IDI) shall be defined as the theoretical value of 100,000.00
points on the date, established by BM&F, when its indexation by the Average One-Day Interbank Deposit Rate (ID)
calculated by the CETIP - Custody and Settlement initiates, in accordance with the following formula:

i
IDI, =1DI, , % '—;+J]
= 100

Where:

IDI = the Average One-Day Interbank Deposit Rate Index (IDI) on day “t,” to two decimal places;
IDI 1= the Average One-Day Interbank Deposit Rate Index (IDI) on day “t-1,” to two decimal places;
i t1=the Average One-Day Interbank Deposit Rate (ID) calculated by CETIP, corresponding to the
previous day and expressed as a percentage rate per day (the daily compound rate ) to seven decimal
places.

Setup of index and option contract

Rate index definition:
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Rate Index Window [130100/Release/] (User: calypso_user)

[ Rate Definition | Tenors |

Nasdaq Calypso Analytics Library

Index | 1DI

Day Count |BUI252

Date Roll | NO_CHANGE

Period Rule | ADJUSTED

Default Sou... | T3750

v|| .. furrency BRL ~|
~| Sources T3750 L] [ ]
- Time Zone |America/Sao_... v| H..[11 |
~|  Ppublish Freq|DLY -]

Publish Dat... | -]

M

Pay Hol |5P0 ”j
Pay Days |0 |
[¥] Pay Bus... [ Pay InArr...
Compound ... | DLY - |

Reset Hol |SPO

Reset Days |0

[l Reset Bus ...

[ Reset In Arr...

Index Type | Interest - | ... |te roundi... | NONE v |
[JJ No Auto. ... Quote Type |Price v|| Pa... |
Comm... Formula
Currency Code » DayCount DateRoll Sources Reset Holi
FRF EURIEOR ACTF360 FOLLOWIMG T3750 EUR o
UsD FEDFUNDS ACTF360 FOLLOWIMG FEDFUNDS1 MNY'C
EUR FRANMCECPIXT 1/1 MO _CHANGE |[ECE TARGET
HKD HIBOR ACTI365 MOD_FOLLOW [HKAB HKG
EUR HICPXT 1/1 MO _CHANGE [ECE TARGET
HKD HOMIX ACTI365 MOD_FOLLOW [HOMIX HKG
usD 101 20/360 NQ_CHANGE [T3730 LOM -
ZAR I_IIBAR-SAFE)( ACTI265 MOD_FOLLOW [SAFEY QH =
IDR I_IIBOR ACTF260 MOD_FOLLOW [IIEQR Ak
usD wK ACTEB/ACTE |FOLLOWING i NYC
MYR KLIBOR ACTI265 MOD_FOLLOW [KLIBOR kLR
AUD LIEQR ACTF260 FOLLOWIMG LIBEQRO2 LOM |
| Load | | Save | | Save A... | | New | | Delete |
| Averag... | | Attribu... | O Authoriz...| Show Pending Modificat... |

|__Help ||

Close |

Option contract definition:
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z Exchange Traded Option: IDIETO/LSE/IRfUSD (User: calypso_user)

Exchange - - |IR Vl .. |28581 |
Name |IDIETO Curr... |BRL v|

[ Definition | Options |

Quote Type|Price ¥ | No. Contr... I—Rate Modi... ’:
ExerciseT...European ¥ | SettleTy... |Cash -

Tick Value ’: Min Move (... CAld |0
Contract ... (100,000 ] Auto Exer... Adj. Del lﬂi

underly...|MM.USD.IDI1D.T3750 e

Last Trade Ti... E . @ Last Trade Rule| |
Last Exercise... E . M Last Exercise | |
|

|

|

.
Exercise Settleme... D Trade Settleme...’j... Holi...|5FO || |

.

|

|

Europe/London Vl Expiration Rule|
9 Special Quote No -
Date Ge...
Fixing Type - |N0NE '| - |
[ Asian Fixi... Avg Period St...| | i |

Avg Period En...|

Commodit... | =]
id | Mame | Ewchange | Type | Currency | Underlying | Settlement Type
Load || New | | Del... || Save | | Save As ... | | Close
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z ETOIR Window (User: calypso_user) =T

Id 5558 | Sec Codes ... |

Index MM.USD.IDI.1D.T3750 | ... |

Contract IDIETO | ... || sho..| |

Ser... | MAY 12 - Exp... (05/31/2012
Option ... |CALL ¥ Stri... (99.00

Trading Start... [04/11/2012 Trading End ... |05/16/2012
Last Exercise (03/25/2012

id | underling | contract | Ewxchange | Option Type | Strike | Expiry

Loa... || Load || New || De... || Save || Save as N... Cl...

Example of a call IDI option:

& ETOIR/LSE/CALL{99/05/31/2012 -PO is Default Processing Organisation (1336) - Version: 4 Mod User :(calypso_user) [130100/Release] (User: calypso_user)

Trade Back Office ETOIR Analytics Pricing Env Market Data View Utilities Help

(Trade rDetails rFees |

Cpty [NONE v|[--] counterparty noONE
Book [Global [=][-] sta...[PENDING [ R FEER |

Bro... | | ,j Templ... |NONE V|

rOption Selector
Exch... |LSE ~| curr...[usp - Ex..[05312.. ¥|str.fos  [~]|[c.. ]

cont... [IDIETO M

Symbol [BB M... ~|| |

Option [ETOIR/LSE/CALL/99/05/31/2012 ||_sh... ]
rETO Trade
[- ~]aty] | Ppr... 100

( MarketDa

Pricer: VOLATILITY | IR _RATE | UMNDERLYING SPOT PRICE I INCLUDE FEES | NPY FROM QUOTE
— | | ] | [N

IDIAnalytic v

val..[05/21/2012 [4:04:34 PM | pricing...[defautt | Price | Cl..
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; & ETOIR/LSE/CALL{99/05/31/2012 -PO is Default Processing Organisation (1336) - Version : 4 Mod User :(calypso_user) [130100/Release] (User: calypso_user)
Trade Back Office ETOIR Analytics Pricing Env Market Data View Uti
fTrade rDetails rFees |

Cpty | NONE v|[.] counterparty NoNE
Book [Global ||v||j Sta... [PENDING [0 v [1338 |

Bro... | | D Templ... |NONE V|

rOption Selector
Exch... | LSE ~| curr... [usp - Bx..[05312.. v|str.|oo  [+][c.. ~¥]

Cont... | IDIETO -]

Symbol BB M... ¥/ |

Option ETOIR/LSE/CALL/39/05/31/2012 ||_sh...
rETO Trade
[~ =] ay] | Pr...[100

["MarketData | Pricer Params | Results |
| PV | GAMMA | VEGA
Pay/Rec | 254,217.1247| 780,923.01952 6,418.54537

Val ...|05/21/2012 ||4:04:34 PM Pricing... Price Cl...

Market Data Configuration

Market Description
Data

Discount | Overall Standard Configuration.

Curve
Remark: The Attribute DailyIndexCalculator of the rate index should have the value

“DailyCompound” as shown in the screeshot below.
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Market Description
Data

z Rate Index Window [130100/Release(] (User: calypseo_user) =Ialx

[ Rate Definition | Tenors |

Index |CDI v| | |:urrency uUsD hd
Day Count |BUf252 - Sources |T247’ "J
Date Roll [FOLLOWING - Time Zone | Europe/London ¥ | H...|11 |
Period Rule |ADJUSTED = Publish Freq |DLY =
Default Sou... |T247 A Publish Dat.. | || |
Pay Hol _’_ Reset Hol LON |J
Pay Days |0 Reset Days |1

vl Pay Bus... [v]Pay In Arr... [Vl Reset Bus ... [ Reset In Arr...

Compound ... [DLY

Index Type Interest |te roundi... | NONE -

vl No Auto. . Quote Type |Y|e|d v|| Pa... |
Comm... Formula
Currency Code ¢ DayCount
EUR BOTS ACT/ACT : DEE Lo
BBAShiftCalendar
SKK BRIBOR ACT/380 BBAShiftDateRoll =
HUF BUEOR ACT/360 CMT BOND COUPON
AUD CASH ACT/365 CMT BOND NAME
NZD CASH ACT/3865 C 3
KRW __|D ACT/365 oupon_trq
L5 i U252 DailyindexCalculator DailyCompound
Excl_intrp_tnr_list
LGS CIBOR ACT/360 GenerateRateChange
s CMCDS ACT/360 IndexCalculator
L;'?’D gmg ISDAF[X 10AM ig;{ggg RATE_INDEX CODE.HLS
RATE_INDEX_CODE.T3750

SpotDateCalculator -
SpotDateCalculatorForSource h
| Load | | Save | | Savel [JNDERLYING_RATE_INDEX_NAME

-

LIfC anOCAn ACu

= UNDERLYING_RATE_INDEX_TENOR
| Averag... | | Attribu... |

| Apply || Refr... || Clea... | Cancel |
—

Volatility | Simple vol surface (i.e. not derived by instruments) containing the volatilities per strike and
Surface maturity of the Guassian process.
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Market
Data

Description

VolatilitySurface3D 0IDI USD CLOSE IDI 1D User{calypso_user) (PE default) (User: calypso_user)
Surface Utilities Help

Name |0|D| | |CLOSE 'l Date |05f041’2012 | |3:43:42 P [C] Current
[ Definition | Offsets | Points | Graph |
Comment
Vol Type | RATE - | Vol Model | Black = | (7
Currency [USD - | Generator [ perived |NONE [oed]
Index | DI ~ 1D Interpolator |interpolator3DLinear - ]..]
[J Include Tenor Axis Parametsr ! Value
Strike Type | strike - |
DateRoll |N0 CHANGE -|
Holidays |NYC |J
Pricing Environment | default - |
| Loa... | | New | | Del... | | Save | | Sav... | Close

The details of the volatility used for pricing are in the paper [1] below.
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Pricing Parameters

Pricing Parameter Type Description Typical
Value

VOLATILITY Rate Transient volatility that overrides the -
volatility of the market data.

IR_RATE Rate Transient rate that overrides the rate -
of the market data.

UNDERLYING_SPOT Anount | Transient spot that overrides the spot -
IDI quote value.

Pricer Measures

Pricer Measures Description

PV Analytic scaled premium of the option.

Scaling: premium * contract size * trade quantity

PRICE Analytic premium of the option.

DELTA Analytic scaled Delta.

Scaling: Delta * contract size * trade quantity * spot

GAMMA Analytic scaled Gamma.

Scaling: Gamma * contract size * trade quantity * spot * spot * 0.01

VEGA Analytic scaled Vega.

Scaling: Vega * contract size * trade quantity * 0.01

VANNA Analytic scaled Vanna.

Scaling: Vanna * contract size * trade quantity * spot * 0.01

VOLGA Analytic scaled Volga.

Scaling: Volga * contract size * trade quantity * 0.0001

NTHETA Numerical theta with one day shift.

References

[1] Calypso Technology (2012). Pricing of BOVESPA products.

[2] Almeida, C. and Vicente, J. (2006). Pricing and hedging Brazilian fixed income options. Working Paper, (July.)
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[3] Almeida, C. and Vicente, J. (2010). Term structure movements implicit in Asian options prices. Working Paper,
(Feb.).

[4] Brace, A. (2007). Engineering BGM, volume 10. Chapman & Hall.

3.4.2 PricerIDIAnalyticBarrier

Overview

PricerIDIAnalyticBarrier supports the valuation of barrier options, where the underlying is the IDI index.
The type of barrier options supported by PricerIDIAnalyticBarrier are as follows:

e Excercise Type: European.

e Barrier Window Type: Full.

e Barrier Type: Double, IN/JOUT - UP/DOWN.

e Monitoring: Discrete.

e Rebates: No Rebates.

Pricing of double barriers can be done using the methodology in described Ikeda and Kuintomo (1992).

The Dicrete monitoring case will be reflected by the adjustement of Broadie et al. (1997).

Definition of the IDI (as per BM&F):

The Average One-Day Interbank Deposit Rate Index (IDI) shall be defined as the theoretical value of 100,000.00
points on the date, established by BM&F, when its indexation by the Average One-Day Interbank Deposit Rate (ID)
calculated by the CETIP - Custody and Settlement initiates, in accordance with the following formula:

IDI, = IDIL ,xtl'—fﬂ ]
= Too

Where:

IDI ¢= the Average One-Day Interbank Deposit Rate Index (IDI) on day “t,” to two decimal places;
IDI t-1= the Average One-Day Interbank Deposit Rate Index (IDI) on day “t-1,” to two decimal places;
i t1=the Average One-Day Interbank Deposit Rate (ID) calculated by CETIP, corresponding to the
previous day and expressed as a percentage rate per day (the daily compound rate ) to seven decimal
places.
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Setup of an IDI barrier option trade

Rate index definition:

Rate Index Window [130100/Release/] (User: calypso_user)

[ Rate Definition | Tenors |

Index | IDI ~|| ... furrency |BRL -]
Day Count |BUI252 v| Sources |T3750 ||J | |
Date Roll [NO_CHANGE v Time Zone |America/Sao_... v| H..[11 |
Period Rule | ADJUSTED ~|  Publish Freq|DLY ~|
Default Sou... |T3750 v| Publish Dat... | || |
Pay Hol SPO [...] ResetHol|sPO =
Pay Days |0 | Reset Days |0 |
[vl Pay Bus... [ Pay In Arr... [vl Reset Bus ... [ Reset In Arr...
Compound ... [DLY M

Index Type | Interest v| ... [te roundi... | NONE M
I No Auto. ... Quote Type |Price v|| Pa... |
Comm... Formula
currency Code » DayCount DateRoll Sources Reset Holi
FRF EURIBOR ACT/360 FOLLOWIMNG T3750 EUR -
UsD FEDFUMDS ACT/360 FOLLOWIMNG FEDFUNDS1 MY
EUR FRAMCECPIXT 1/1 MO CHANGE |ECE TARGET
HKD HIBOR ACT/365 MOD FOLLOW |HKAB HEKG
EUR HICP®T 1/1 MO CHANGE |ECE TARGET
HKD HOMIX ACT/365 MOD FOLLOW |HOMIX HEKG
usD 101 30/360 MO CHANGE |T3750 LOM -
ZAR LIIBAF{-SAFE)( ACT/365 MOD FOLLOW |SAFEY OH =
IDR [IIBOR ACTI360 MOD _FOLLOW [JIBOR AR
UsD K ACTB/ACTE |[FOLLOWING K NY'C
MYR KLIBOR ACTI365 MOD_FOLLOW [KLIBOR kLR
AUD LIEQR ACTI360 FOLLOWIMG LIBEOROZ2 LOMN =
[+
| Load | | Save | | Save A._.. | | New | | Delete |
| Averag... | | Attribu... | O Authoriz...| Show Pending Modificat... |
| Help | | Close |
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Example of an IDI barrier option:

OTCOption/PUT BARRIER MM.USD.IDI.1D.T17143 Sep 3, 2013 Strike=98 -PO is Default Processing Org:

Trade Back Office IRStructuredOptio Cashflows Analytics Pricing Env Market Data View Utilities Help

Auto Exercise

]

[ Trade | Details | Fees [ Cashflows | Resets |

Book (Global

Cpty | NONE ~|| ... |counterparty NONE
Te... | NONE -] Status |VERIFIED ‘Trade[ID  ~|sd
Trade Configuration Vanilla Parameters
Payout Barrier Type Put
Action BUY Strike 98
Quantity 1 Strike (3%) 23
Effective 09/03/2012 Strike Currency
o-Expiration Date 09/03/2013 Exercise Style European
Price 0 oFixing Based (]
Premium 0
Premium Currency UJsD Barriers
Premium Pay Date  09/07/2012
Barrier Count Double
Underlying Details First barrier Type UP & OUT
B First barrier level 104
Currency UsD First barrier level (%) 104
Rate Index UsD/ID1D/T17143 Second barrier t)"pe DOWM & OUT
Tenor o _ Second barrier level =To]
Source T17143 Second barrier level (%) =la]
window Type Full
Trade Settlement Maonitoring
Payment Type Cash Rebate Mo
Date Lag 40 Bus NYC FOLLOWING
Date 09/09/2013

[ MarketData | Pricer Params | Results |

Pricer:

WOLATILITY

IR RATE

UNDERLYING SPOT PRICE

INCLUDE FEES

|

|IDIAnaIyticBarrier vi

val Date [09/03/2012| [2:31:38 PM Pricing Env [OFFICIAL

Price || Cl...

77
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OTCOption/PUT BARRIER MM.USD.IDI.1D.T17143 Sep 3, 2013 Strike=98 -PO is Default Processing Orge

Trade Back Office IRStructuredOptio Cashflows Analytics Pricing Env Market Data View Utilities Help

rTrade rDetails rFees rCashflows rResets |

¥ || .. |counterparty NONE

Cpty | NONE
Te... | NONE |
Trade Configuration
Payout Barrier
Action BUY
Quantity 100
Effective 09/03/2012
o Expiration Date 09/03/2013
Price 0
Premium 0
Premium Currency usD
Premium Pay Date 08/07/2012
Underlying Details
Currency UsD
Rate Index USD/IDI1D/T17143
Tenor 1D
Source T17143
Trade Settlement
Payment Type Cash
Date Lag 40 Bus NYC FOLLOWING
Date 09/09/2013
Auto Exercise (]

Book [Global

Status VERIFIED

|Trade ll[)ivE

Vanilla Parameters

Type

Strike

Strike (%)

Strike Currency

Exercise Style
o-Fixing Based

Barriers

Barrier Count

First barrier Type

First barrier level

First barrier lavel (%)
Second barrier type
Second barrier lavel
Second barrier level (%)
window Type
Monitoring

Rebate

Put
as

(] =]
=]

European

Double
UP & OUT

104
104

DOWN & QUT

an
a0
Full

MNo

-

FY

1]

[ MarketData | Pricer Params | Results |

=

PRICE

P

VEGA

Trade results

02721

27,2085

13.44286

Val Date [09/03/2012|[2:31:38 PM Pricing Env OFFICIAL

Price || Cl...
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Market Data Configuration

79

Market Description
Data
Discount | Overall Standard Configuration.
Curve . . ;
Remark: The Attribute DailyIndexCalculator of the rate index should have the value
“DailyCompound” as shown in the screeshot below.
z Rate Index Window [130100/Release/] (User: calypso_user) = o
[ Rate Definition | Tenors |
Index |CDI '| | |:urrency UsD -
Day Count |BU/252 - Sources |T24? "
Date Roll [FOLLOWING - Time Zone | Europe/London | H...|11 |
Period Rule | ADJUSTED v Publish Freq |DLY v
Default Sou... |T247 v Publish Dat.. | || |
Pay Hol _ Reset Hol [LON |
Pay Days |0 Reset Days |1
[v] Pay Bus... [v]Pay In Arr... [v| Reset Bus ... [ Reset In Arr...
Compound ... |[DLY -
IndexType Interest 'te roundi... NONE ~
¥l No Auto. . Quote Type |Y|eld '” Pa... | _|
Comm... Formula
Currency Code » DayCount
EUR__ |goTS ACT/ACT : BiAme Value
BEBAShiftCalendar -
SKK BRIBOR ACT/360 BEAShiDateRoll -
HUF BUEOR ACT/380 CMT BOND COUPON
AUD CASH ACT/365 CMT BOND NAME
NZD CASH ACT/265
KRW _|cD ACT/365 | [couPonFrd
S i BU/252 DailylndexCalculator DailyCompound
Excl_intrp_tnr_list
LGS CIBOR ACT/360 GenerateRateChange
usb CMCDS ACT/360 IndexCalculator
Pl AP TGAMACT/ags | [ZATE INDEX CODEIS
i RATE_INDEX _CODE.T3750
SpotDateCalculator -
SpotDateCalculatorForSource hd
| Load | | Save | | Savel | NDERLYING RATE INDEX NAME
UNDERLYING_RATE_INDEX_TENOR —1
| Averag... | | Attribu... | Lo aoncan ara hd
| Apply || Refr... || Clea... | Cancel |‘_
———
Volatility | Simple vol surface (i.e. not derived by instruments) containing the volatilities per strike and
Surface maturity of the Guassian process.
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Market Description
Data

VolatilitySurface3D 0IDI USD CLOSE IDI 1D User{calypso_user) (PE default) (User: calypso_user)
Surface Utilities Help

Name |0IDI | |CLOSE 'l Date |05f041’2012 | |3:¢13:42 P [C] Current

[ Definition | Offsets | Points | Graph |

Comment

Vol Type [RATE - | Vol Model |Black A | 9

Currency [USD - | Generator 7] perived |N0NE [

Index | DI ~ 1D Interpolator |interpolator3DLinear - |.]

[J Include Tenor Axis Parameter | value

Strike Type | Strike - |
DateRoll [NO CHANGE hdl
Holidays |NYC |J
Pricing Environment | default - |

| Loa... || New || Del... || Save || Sav... | Close

The details of the volatility used for pricing are in the paper [1] below.
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Pricing Parameters
Pricing Parameter Type Description Typical
Value
VOLATILITY Rate Transient volatility that overrides the -
volatility of the market data.
IR_RATE Rate Transient rate that overrides the rate -
of the market data.
UNDERLYING_SPOT Anount | Transient spot that overrides the spot -
IDI quote value.

Pricer Measures

Pricer Measures

Description

PV Analytic scaled premium of the option.

Scaling: premium * trade quantity
PRICE Analytic premium of the option.
DELTA Analytic scaled Delta.

Scaling: Delta * trade quantity * spot
GAMMA Analytic scaled Gamma.

Scaling: Gamma * trade quantity * spot * spot * 0.01
VEGA Analytic scaled Vega.

Scaling: Vega * trade quantity * 0.01
VANNA Analytic scaled Vanna.

Scaling: Vanna * trade quantity * spot * 0.01
VOLGA Analytic scaled Volga.

Scaling: Volga * trade quantity * 0.0001
NTHETA Numerical theta with one day shift.

References
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[1] Calypso Technology (2012). Pricing of BOVESPA products.

[2] Almeida, C. and Vicente, J. (2006). Pricing and hedging Brazilian fixed income options. Working Paper, (July.)
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(Feb.).
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Section 4. Equity Pricing

4.1 Pricers for realized variance and volatility derivatives -
PricerCarrLeeVolatilityDerivative

The most common variance derivative is the variance swap: a forward contract in which one counterparty agrees
to pay the other a notional amount, N, multiplied by the difference between a fixed level and a realized level of
variance. The fixed level is called the variance strike and the realized variance is determined by the variance of the
asset’s return over the life of the swap.

Similarly there are volatility swaps: forward contracts on the square root of variance.

Eventually those can be capped or floored. Finally options on realized variance or volatility can also be defined.

Overview

PricerCarrLeeVolatilityDerivative prices Variance Swaps (eventually forward starting, capped or floored), volatility
swaps, variance options and volatility options using the method of Carr, Lee “Robust replication of volatility
derivatives” (2008) and Carr, Lee “Realized volatility and variance: Options via swaps” (Risk, 2007).

The variance swap is priced by static replication using a portfolio of vanilla options, where modeling assumptions
are continuous trading and continuum of strikes: jumps and transaction costs are excluded.

The volatility swap is priced using the correlation immune methodology from Carr, Lee.

Variance and volatility options are priced assuming a lognormal remaining volatility, indirectly using synthetic
variance and volatility swaps prices.

More details can be found in the associated whitepaper.

VarianceSwap/USD/GE/05/14/2014/05/03/2015 -PO is Branche 2 (10103) - Version : O Mod User :(calypso_user) [142008/release_ora]

Trade | Details | Fees | Actions | Resets |,
Cpty [NONE [..]  counterrarty  moONE
Book [TRADINGC ~][..] stat. [EnDING o ~[1o10s |
Template |NONE v|
Contract details uUnderlying details Observations
Buy/Sell BUY Underlying  Equity. GE Returns (Realized) 2
Swap type  Variance Currency Returns (Unrealized) 241
Observation... 05/14/2014 Fixing Type  CLOSE Returns (Total) 243
Observation... 05/03/2015 & Override hal... O Included Returns (Realized) 2
Expected N Reset Ho... Included Returns(%) 100%
= US;E::Z{;'& Return# ‘ Date | Value ‘ Income Return Cum. Volatility | Include? ‘ Condition Met?
Annualization 252 EEflelalius LT z =
Include Inco... 1 05/15/2014 101 0,99503308%  15.79566054% 1 =
Condition T... None 2 05/16/2014 99 -2.00006667% 25.07558670% 1
— |l 05/19/2014 o
| Product Info | | | i, 05/20/2014 0
Variance Payment &l 05/21/2014 0
Volatility Re... 20 Datelag  2DBus NYCF.. | [|® 05/22/2014 0
= Volatility Str... 0.0001 = Override Date ] 7 05/23/2014 0
Notional 40 Date 3 05/27/2014 1]
Multiplica... 0 currency usD g 05/28/2014 0
Cap % Forex
= Variance St... 0.00000001 Reset e LEEEY g
Variance ... 1 11 05/30/2014 1]
Cap 12 06/02/2014 0
13 06/03/2014 0
14 05/04/2014 [v] 0 b
MarketData \ Pricer Params ' Results \
= NPV | PV DELTA GAMMA VEGA THETA MODEL | PRICE
Trade results 2,474.90 2,474,90343 0.00 0.00 99.06 -7.02 =click= 2,474,90343
Val D...[|05/16/2014 | 1:59:59 PM|Pr|c:|ng E.‘.|defau|t Price Close
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Market Data Configuration

Market Data

Description

Discount Curve

Standard configuration (used for forecasting & discounting — optional additional CSA
discount curve for discounting)

Dividend Curve

Standard configuration

Borrow Curve

Optional

Volatility Surface

Standard configuration

Pricing Parameters

Pricing Parameter Type Description
BORROW_SPREAD Rate Overrides borrow curve rate
DISCOUNT_RATE Rate Overrides discount curve rate
DIVIDEND_RATE Rate Overrides dividend curve rate
IR_RATE Rate Overrides forecast curve rate
UNDERLYING_SPOT_PRICE Double Overrides underlying spot quote
VOLATILITY Percent Overrides volatility surface and define a

constant volatility surface.

Pricer Measures

Pricer Measures

Description

NPV Net Present Value
PV Present Value
PRICE unit present value

DELTA, DELTA_PCT

PV (absolute, relative) difference calculated numerically

GAMMA, GAMMA_PCT

Calculated numerically

VEGA, VEGA_PCT

Calculated numerically

THETA Calculated numerically
VANNA Calculated numerically
VOLGA Calculated numerically
RHO Calculated numerically
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Pricer Measures

Description

RHO3

Calculated numerically

EXPECTED_VARIANCE

The strike that would make a newly issued variance swap price of zero.

MODEL

Model input details. For a variance/volatility swap, it displays:

KO - variance swap: the strike that makes its value zero in the absence of past variance.
Volatility swap: strike that would make volatility swap value zero (includes past returns
implicitly).

UNSCALED_KO: for variance swaps only, KO divided by the scaling factor. It corresponds to
the pure expected returns part (it won't vary for various variance swaps starting a different
dates and with the same maturity).

PAST_SQUARED_RETURNS_RAW - sum of past squared log returns.

PAST_RETURN_VARIANCE - scaled sum of past squared log returns (by the scaling factor for
a variance swap)

FUTURE_VALUE - undiscounted PV for a notional of 1/(100*100)
DISCOUNT_FACTOR - discount factor to payment date

SCALING_FACTOR - u? for a variance swap u for a volatility swap where u is defined in the
whitepaper, typically u=SQRT(252/N).

Model measure example for a variance swap:

” MODEL 10103

Model

KD | PAST_HETUHNS_VARIANCE| FUTUHE_\-"ALUE| DISCCIUNT_FACTCIH| SCALIN(G
0.2486632 0.000518 0.249180 0.993218 1.03703

For a variance swap, we have PV =
NOTIONAL*100*100*DISCOUNT_FACTOR*(KO+PAST_RETURN_VARIANCE-STRIKE) where
NOTIONAL is the variance notional. The sum of the past squared log returns is
PAST_RETURN_VARIANCE/SCALING_FACTOR

Model measure example for a volatility swap:

- MODEL 10103

Model

KO | PAST SQUARED RETURNS_RAW| FUTURE VALUE | DISCOUNT FACTOR)| §
0.499180 0.000499 0.499179 0.993218 1

For a volatility swap, we have PV = NOTIONAL*100*DISCOUNT_FACTOR*(K0-K) where
NOTIONAL is the volatility notional as KO includes past returns here (there is no way of

splitting the value between known and future due to the non-linearity of the square root
function).

The PAST_SQUARED_RETURN_RAW is directly used in Carr-Lee pricing formula, which is why
we expose it instead of the PAST_RETURN_VARIANCE. On this example we can see the
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Pricer Measures Description

PAST_RETURN_VARIANCE(variance swap) = PAST_SQUARED_RETURNS_RAW/(volatility
swap) * SCALING_FACTOR(variance swap)

References
e Carr, Lee “Robust replication of volatility derivatives” (2008).
e Carr, Lee “Realized volatility and variance: Options via swaps” (Risk, 2007).

e  Calypso Technology, “Volatility Derivatives Practical Notes”.

4.2 Pricers for Exotic Equities and Hybrids (eXSP/PricingScript)

4.2.1 PricerBlackNFMonteCarloExotic

Overview

PricerBlackNFMonteCarloExotic supports the valuation of exotic derivatives defined with the PricingScript on one or
mutlple assets. The pricer supports eXSP/PricingScript products defined within BondExoticNote and
ScriptableOTCProduct (through the pricing sheet) for respectively exotic IRD/FX/EQD/CMD notes and options or
swaps. Backward compatibility support for eXSP is available in EquityStructuredOption and Swap products. A
basket can be defined with eXSP on other products, e.g. bonds; these other products are not supported by
PricerBlackNFMonteCarloExotic. The model used is an n-factor Black-Scholes model, where each component of the
basket is model is modelled using a lognormal diffusion, and each diffusion is correlated. Rates are assumed
deterministic, CSA discounting is supported. Foreign assets are automatically quantoed to the pricing measure. The
valuation direction is forward and is made using a Monte Carlo valuation routine.

eXSP Grammar Support

The table below describes the eXSP grammar supported in the pricer.

Operator Purpose Operator Purpose

+ addition of humbers && Boolean AND

- Subtraction | Boolean OR

* Multiplication 0?20:0 Conditional, if-then-else
/ Division Max maximum of two values
> greater than Min minimum of two values
>= greater than or equal to <= less than or equal to

< less than

XFunction Parameter supported
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Xperf (<BasketVariable>, Initial’)
(<BasketVariable>, Initial’, <param3>), where param3 is a choice from
‘min’,'max’,’avg’,’xmin’,’xmax’,'’xavg’.

The Basket Variable's initial schedule is required to be customised with only one period to
define the initial level. The final schedule must not be customised, but should be generated.
More than period is supported, that is interim level within a period.

Xbreaks (<BasketVariable>,<barrierl>,<onBarrierlType>,'NONE’, <barrierAggregationStyle>). The
barrier aggregation style can be either ‘All’,’Group’,’'Members’. A second barrier is not
supported. The BasketVariable’s initial schedule is required to be customised with only one
period to define the initial level. The final schedule must not be customised, but should be
generated. More than period is supported, that is interim level within a period.

QuoteVariables supported are equity and equityindex quotables only. They may be used directly in formulae as well
as within basket variables.

Beyond the backward compatible eXSP, the pricer supports the full grammar of the PricingScript, which is the
recommended way to model exotic derivatives.

4.2.2 PricerLocalVolatilityNFMonteCarloExotic

Overview

PricerLocalVolatilityNFMonteCarloExotic supports the valuation of exotic payoffs defined with PricingScript on one or
multiple equities, FX rates, interest rates. The pricer supports eXSP/PricingScript products defined within
BondExoticNote and ScriptableOTCProduct (through the pricing sheet) for respectively exotic IRD/FX/EQD notes
and options or swaps. Backward compatibility support for eXSP is available in EquityStructuredOption and Swap
products. The model used is an n-factor local volatility model, where each component is a diffusion, and each
diffusion is correlated. Equity underlyings follow a local volatility diffusion, typically stemming from the application
of Dupire on SVI parameterization (through SVI or SVISimple generators) but SABR parameterization and plain
splines implied volatility surfaces are also supported (through Spline or SplineSimple generator). FX rates are
represented as a lognormal diffusion. Rates are assumed deterministic, CSA discounting is supported. Foreign
assets are automatically quantoed to the pricing measure. The valuation direction is forward and is made using a
Monte Carlo valuation routine.

4.2.3 PricerSVJMonteCarloExotic

Overview

PricerSVIMonteCarloExotic supports the valuation of exotic payoffs defined with PricingScript on a single equity.
The pricer supports eXSP/PricingScript products defined within BondExoticNote and ScriptableOTCProduct (through
the pricing sheet) for respectively exotic EQD notes and options or swaps.

Various stochastic volatility models are supported: Heston, Schobel-Zhu, Bates (Heston with stochastic jumps),
Double-Heston (two CIR stochastic volatility processes). The relevant model is automatically selected from the
volatility surface generator (SVJ).

Rates are assumed deterministic, CSA discounting is supported. The valuation direction is forward and is made
using a Monte Carlo valuation routine.

Pricing Parameters

Pricing Parameter Type Description Typical Value

ACCURACY_LEVEL Integer Accuracy level with the forward numerical | 5
scheme, any value between 0 and 11.
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Pricing Parameter

Type Description Typical Value

0-lowest accuracy but highest speed

11-highest accuracy but slowest speed

Pricer Measures

Pricer Measures

Description

NPV

Calculated from numerical valuation scheme

GRID_EVENTFLOWS

Shows the event grid. Provides detailed diagnostics of how the Monte Carlo
engine has interpreted the eXSP payoff. Typically used to check how the eXSP
formulae have been interpreted.

MC_GRAPH Convergence graph from valuation routine.

PRICE NPV/Notional

DELTA Sum of component delta. Double click on the result value to pop-up the
component values.

GAMMA Sum of component cross gamma. Double click on the result value to pop-up
the cross-gamma

VEGA Change in value of NPV for a 1% additive parallel shift in all volatility surfaces.

NVEGA The total cannot be broken out by component.
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Section 5. Inflation Pricing

5.1 Pricers for Year on Year Inflation Swaps

Overview

A year on year (or period on period) swap is a contract whereby a counterparty agrees to receive an annual coupon
determined by the inflation rate at the end of each year in return for paying a fixed rate. For more information
about year-on-year and other inflation products see: Kerkhof, J. (2005). “Infation Derivatives Explained”. Lehman
Brothers Fixed Income Quantitative Research.

CPTY A pays:

Notional * yearFrac * fixedRate

CPTY A CPTY B

A

Fixed Leg Floating
Payer CPTY B pays: Leg Payer
Notional * yearFrac [ I(Ti)/I(Ti-1) - 1]

Market Data Configuration

Year-on-year inflation swaps require the following market data configuration to enable successful trade capture and
pricing.

Rate index definition

An inflation index must be defined in the system. The settings for a rate index are defined in the following location:
Main Entry > Configuration > Interest Rates > Rate Index Definitions.
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ZRate Index Window [110200/Release/calypso_user] -0l =1

Rate Definition | Tenars |

Index ICPI j Add | Currency IUSD j
Day Count |ACT/365 -] Sources [T3750,B54,FED _| Add |
ﬂ Time Zone IAmerica,l'New_\"ork ﬂ Hourlll
Period Rule IUNRDJUSTED ﬂ Publish Freq IMTH ﬂ
Default Source ITB?SU LI Feference Day Il_ Publication Lagl? Publications |
pay Hol IIWC _I Publication Hol ||wc _I

Pay Days |2 Index Lag |3 IM LI

v Pay Bus Lag [ Pay In Arrears [¥ Reset Bus Lag [ Reset In Arrears

Compound Freq INON LI Calc Med IIndexLeveI LI Interp Med INONE
Index Type IInFIation LI | Rate rounding INONE LI
[¥ Mo Auta, Inkerp, Quote Type IPrice hd l Parse | |

Date Roll INO_CHF\NGE

Comment Formula

Currency Code DayCaunt DateRal SOUrces Reset Holidays | Reset Days | Resal

(= P AT 360 FOLLOWING T133 MYZ 0 -
1 HAMGE )
LISD DEPOSIT ACT]360 MOD_FOLLOW  |[Reuters MYC 2
LISD FECFUMNDS ACT /360 FOLLOWING FEDFUMDS1 MYC
LIS J3k ACTEIACTE |FOLLOWING J3k MY -1
LIS LIEOR ACT 360 MOD_FOLLOW  [LIBOROL LM 2
LISD FPRIME ACT /360 FOLLOWING H15,CITLETC, IPM, AVG  [NYC i
IS0 PS4 ACTEIACTE |FOLLOWING PS4 MY 1 _I
LIS TEILL ACTIACT FOLLOWING H15 MY 1
LISD TEILL_BOMDED ACT]360 FOLLOWING Tiz0 MYC 1 LI
K [ 5]
Load | Save | Save As hew e Delete |
Average .., | " httributes I~ Guthorization Show Pending Modifications |

Help | Close |

Configuration of typical CPI inflation index used in year-on-year

Please reference Calypso Help - ‘Inflation Curve’, for further information on the settings shown in the above
window.

Important settings for rate index definition:
e Index type: Inflation
e  Publish Frequency e.g. Monthly
e Reference day e.g. 1 (1%t day of the month)
e  Publication lag e.g. 45 days
e Index lag e.g. 3 months

e Calc Method - IndexLevel or Interpolated
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In the ‘Attributes’ section at the bottom of the Rate Index definitions pane further configuration of the index is
required. The index calculator (IndexCalculator) used in the curve generation process should be defined as per
below:

Inflation Index
IndexCalculator: InflationKerkhof.

See documentation on the Kerkhof market data generator for more information.

ZRate Index Attributes Window x|

Marme Yalue
BEAShiftCalendar
EEAShiftDateRall
CMT_BOMD_COUPON
CMT_BOMD_MAME
Coupon_Frg
DailyIndexCalculator
Excl_intrp_tnr_list
[ndexCalculator InflationIndex
RATE_IMDER_CODEHIS
RATE_IMDEX_CODE.T3750
SpotDateCalculator
SpotDateCalculatorForSource
UMDERLYING_RATE_INDES_MAME
UMDERLYING_RATE_INDEX_TEMOR.
LSE_ARREAR_AD]
IJse_Prk_Hols_for_Curve_Gen
| Jse_Pmk_Hols_for_Fwd_End_Dt

Apply Refresh Cancel

Attributes of Rate index definition

Once a rate index is defined, a 1Y (or specific period) tenor should be defined for the index on the tenor tab of the
rate index definition window.

Curve underlying’s

To construct the inflation curve required for pricing year on year swaps, the underlying instruments for the curve
generation process must first be defined. The settings for each curve underlying are defined in the following
location: Main Entry > Configuration > Market Data > Curve Underlying’s.

e  Select required currency
e  Select ‘Swap’ tab
e Click ‘Load’ - to open instruments currently saved in the database

e Configure the zero coupon swap underlying’s for an inflation rate index with the required maturities (0D index
should be used for the tenor)

. Click ‘Save as New’

e  Repeat process for each of the maturities by selecting the previously configured inflation swap.
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Zturve Underlying Window

Fukure Commodity |
CD5Index

Fix Fud Tenor

Commodity Fysd Points |
| Fe2FwdFixed |

Instrument Spread
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=101 %]

| Commodity Swapz

Eauity Inde:x ETO Future Equity Inde:x
Cash | Futwe | BondFuture | FRA | Spread  Swap \i TurnRate | BasisSwap | Bond | DS
Currency Rate Index Index Tenor Source Makurity

fuso [ x| oo | |ra7s0 |2 v =]

[~ Manual First Reset [ StarkLag -90,Bus Int, Method MONE  w | [T Ack
~Fixed Side Floating Side

Freq IZC LI Freq IZC Ll
DayCount IF\CT,I'SGS LI DayCount IACT,l'365

DateRoll INO_CHF\NGE

[

Pay HoIidaysINYC

Feriod Rule IF\DJUSTED

[

MOME

DateRall INO_CHANGE

Pay Holidays IN‘.’C

Ferind RuIeIP.DJUSTED

Currency

Index - Tenar

Maturity

CPI

[a]s]

CPI

oo

1o

s

Mew | Delste | Save |

Sawve as Mew | Id |144EI?

Currency ILISD e |

Help | Close |

Configuration of typical inflation curve underlying’s

Market Data Quotes

Past fixings of the inflation index should be entered into Calypso (Main Entry > Market Data > Market Quotes >

Quotes). If the required inflation index quotes are not saved into the Calypso environment the user will be alerted
when attempting to price the trade.
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PricerSwap (Inflation swaps)

Overview

The pricing of the following inflation trade types are supported in Calypso.

93

Types of Trades

Calypso Product

Pricer

Inflation Swap (vanilla)

Swap

PricerSwap

PricerSwapHagan (Pricing model is
identical to PricerSwap)

A standard inflation swap could be one of the following types:

- Fixed-Floating
- Floating-Fixed
- Floating-Floating

The supported characteristics are the following: no amortization structure, the floating leg tenor matches the index
payment frequency I.e. zero coupon (0D tenor) or period on period (e.g. year on year YoY).

We will focus on the fixed-floating type of standard swap, since we have both types of swap legs to valuate.

Let’s introduce the notations first:

All dates are calculated using the appropriate day count usage (the corresponding curve’s day count).

Each cash-flow | starts at date Ti , ends at date T

° Ni is the notional

i+17

o Yf, isthe year fraction between T, and T,

. dft is the discount factor between valuation date and { .

e 1(X) inflation value at time x.

e K is the fixed rate.

i=N-1

has a reset date Ti and a payment date f

For the fixed leg, the NPV is the following NPVﬁX = Z Ni . yfi . dff -K

For the floating leg, the NPV is the following NPVm = Z Ni .

Convexity Adjustment

i=0

i=N-1

i=0

I0) g
i

Currently for inflation swaps priced with PricerSwap there is no convexity adjustment.
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5.2 Pricers for Inflation Cap/Floors - PricerCapFloorinflationBlack

An inflation cap/floor is a derivative, similar to an interest rate cap/floor swap, in which the buyer/seller
receives/pays payments at the end of each period in which the inflation rate exceeds the agreed strike price.

The option itself can be one of the following types:

e Cap — the option to buy the underlying at a specific value at maturity or exercise date.
e  Floor — the option to sell the underlying at a specific value at maturity or exercise date.

Once exercised, the user enters into the corresponding underlying swap, which is in general an inflation swap.

Overview

In order to price an Inflation CapFloor, PricerCapFloorInflationBlack, uses a modified version of the Black-Scholes
model which will be discussed in detail below.

It is important to note that PricerCapFloorInflationBlack supports zero coupon and Year on Year (Period on Period)
options.
Let’s introduce the notation:

e K is the strike of the option

. S is the spot.

. Ts is the start date of the option.

. Te is the expiration time of the option.
e L is the indexation lag.

° | (I'S) is the inflation value at the start of the option

o | (Te) is the inflation value at the maturity of the option

° | (t) is the inflation value at the valuation date

° D(X) represents the cumulative normal distribution function at x.
. O is the volatility of the forward swap rate.

. df is the discount factor at Te .

° N is the notional

. I'is the risk free interest rate (for inflation derivatives, it is always zero)

According to when the valuation date is, before or after the start date, different analytic solutions are used.

An example of the indexation lag effect with respect to the product life cycle is given as follows:
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INDEXATION LAG

T- L T, T, - L Toe
| | |
| | !
(T, - L) T, - L)

I |
= L > k= 1 —>

T, issue date I(T,-I)

T maturity date INFLATION LEG PAYS: [m —1J

L lag

Due to the indexation lag there are therefore two different analytic approaches: first one, when valuation date
occurs before start date, second one, when valuation date occurs after start date.

Scenario 1: Valuation Date before Start Date

For the case when Valuation Date is before start date, the NPV is computed as follows:

Effective Strike ( Ke ):
K, =(@+k)™™

Spot ( S ):

oI
IT.)

Black-Scholes Method (for call):

2
| > |+ re o (AT)
LK, 2
' ovAT
2
| > |+[r-2" (AT)
K, 2
d, =

oVvAT

B = D(d,)S - D(d,)K

Then finally scale and discount the value obtained from the Black-Scholes model:
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NPV =df *B*N
For the put option, the same approach is used, with the Black-Scholes formula changed for the put option case.

Please refer to section 3 of this guide for more details regarding Black Scholes model.

Scenario 2: Valuation Date after Start Date

For the case when Valuation Date is after Lag, the NPV is computed as follows:

Effective Strike ( K, ):

I (TS) (1_|_ k)(Ts—Te)

K, =|—2~
1(t)
Spot (S ):
o _Im)
I(t)
Black-Scholes Method (for call):
2
In S +r+ 2 (AT)
d, = K
. oNAT
2
| > |+ r=2 (AT)
K, 2
d, =

ovAT

B = D(d,)S - D(d,)K

Then finally scale and discount the value obtained:

NPV = |10l wp

I(Ts

For the put option, the same approach is used, with the Black-Scholes formula changed for the put option case.

Configuration

In order to use PricerCapFloorInflationBlack it is necessary to ensure that the following configurations has been
setup correctly.
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Inflation index tenor (rate index definition)
Window Location: Main Entry 2 Configuration = Interest Rates - Rate Index Definitions

The desired inflation tenor in the rate index definition must be configured. To add a specific tenor to an inflation
index, it is necessary to select the inflation index, the required tenor from the tenor box and save.

Please see below as example:

z Rate Index Window [120100flatestf] (User: calypso_user)

Rate Definition | Tenors |
Currency ‘LISD w | Tenar ‘ w |
Inde:x ‘CPI W | Source ‘UST W |
DateRoll ‘NO_CHF'.NGE w | DayCount ‘ 11 L |
[ Follow end-end maturity conventian
Currency Code Tenor Source DayCount DateRoll End/End
UsD M3 ISDAFTE 11AM Y [SDAFIRS 30/360 MO0 _FOLLOW : LS
UsD CMS ISDAFTE 114AM ay [SDAFIXG 30/360 MO0 _FOLLOW : B
Ush CMS ISDAFL: 3PM 1 [SDAFIXS 30/360 MO0 _FOLLOW Fl
CPI 1M ST 111 MC_ZHANGE Ll
PI 1% JaT 11 MO _ZHANGE :
ZPI 2% JaT 111 MO ZHANGE :
FEDFUMDS 1D FEDFMDS1 ACTI3E0 FOLLOAWING : N
LIEOR, 10 LIEORO1 ACTIEEN MO0 _FOLLOW [w] b
Save Multiple Tenors ... Load ] [ Delete ] [ Save
Help ] l Close

If the trade window was open, before or during this rate index definition process, it is necessary to close and
reopen the screen to see the new tenors on the trade window.

Trade Panel Configuration

As mentioned previously the PricerCapFloorInflationBlack both supports zero coupon and Year on Year trades,
therefore it is necessary to ensure that the configuration in the trade panel is correctly specified.

Zero coupon:
The key elements that should be configured correctly are:
- Pmt = ZC (Zero Coupon)
RateXNotl (selected on the box on the right to Pmt)

Inflation Index

- Tenor
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Please see below trade screen as example of such configuration:

[ A Cap/USDICPI/ODI2.00000%ZCI1 6/05/2016 -PO is Default Processing Organisation (5419) - ¥ersion : 0 Mod User... : : :

Trade Back Office CapFloor Cashflows  Analytics  Pricing Ene Market Data  View  Utiities  Limits  Help

Trade | Details | Fees | Cashiows| A
Cpky |CP w | E CounterParty Delete during implementation
Book |G|Dba| L | Status |\."ERIFIED | |ID w |5419 |
Template: | NONE v
(FmetCeancelsbe
Buy |UsD | |1,000,000.00 | [Ppigital
Bullet

Start |[16/05)2011 End | 16/05/2016 [Exchude First

| Cap V| | sD b | CPI b | 18] b |+| 0.000000 |D ST

Strike | 2.000000 B BEG_PER. Lag -20 Bus, (M¥C) MOME
Manual Rate Settings 1st Rate

| NO_CHANGE || NONE v | Lag D
g w | [vc |[-] mesresT
NOME ADIUSTED

|| MarketData || Pricer Paramsl Results ] Pricer Owerride || Market Data Ikem Override| b

(= NPy DELTH GAMMA, YEGH THETA
Trade results | 466,203.54 B57.91391| 0.00225 7,366, 43200| -114.94672
VaIDate|12,f05;2011 |23:59:59 | F‘riu:ingEnv|INTR.0.DF\‘|’ | [ e || close
Results

Cashflow analysis

Main results are displayed in the trade screen results tab, however more details regarding the cashflows results can
be observed in the cashflows tab.

Important Outputs that could be observed in this type of trade are:
- Projected Initial Reference Number
- Projected Final Reference Number

- Initial Reference Number Projection Date
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Nasdaq Calypso Analytics Library 99

- Final Reference Number Projection Date

The above columns do not appear automatically in the cashflow tab, in order to obtain such value it is necessary

1. Select Cashflows Tab

2 Right-click on the cashflow

3. Select “Configure Columns”

4 Insert to the right Columns the variables required

£ Cap/USD/CPI/OD/2.00000%ZC123/05/2013 PO is Default Processing Organisation (-1) - Version : 0 [120100/la...

Trade Back Office CapFloor  Cashflows  Analytics  Pricing Env Market Data Wiew  Ukilities  Limits  Help

|

Trade | Details | Fees CaShF|DWS|

df Yol-upper Init Ref Date Init Publ Date Final Ref Date Final Publ Date Init Index Level Finaj ndse: 1 L Ak nouwn ||
0| 0.99027121| 52.6997600/01/02/2011  [18/03/2011 |o103/2013 [15/04/2013 | 201.42| Cash Flow Menu

Copey CH-C
Paske CH-y

Add

Rernove

Scheduler...

Sample Dts. ..

Show Details

Lok, Colurnn

Lok all Modified Columnns
Unlack Colurnn

Unlock All Calumns
Recalc

Generake

Configure Columns. ..

Save Column Config

Export to Excel

Expoark ko HTML

< | >
Customized[ | 2
|| MarketData || Pricer Params | Resulks | Pricer Override || Market Data Item Override|
I E IPY DELTA EAMMA VEGA THETA
Trade resulks | 284;499.65' 62.?6534' 0.00452 5,358.71119 -193.42657

Yal Date | | F‘ricingEnv|INTRF\D.°.'r’ | pice || Close
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] Cap/USDICPI/OD{2.00000%:ZC/16/05/2016 -PO is Default Processing Organisation (5419) - Version : 0 Mod User :

Trade Back Office  CapFloor  Cashflows — Analytics  Pricing Env - Market Data  Wiew  Utilities  Limits  Help

Trade | Details | Fees CEShﬂDWS| ~

Initial Reference Mumber Projection Date | Final Reference Mumber Projection Date | Projected Final Reference Number | Projected Initial Reference Mumber B
B/05/2011 |[16/05z018 214,78 200,97
< | ¥
Custonized[ | 7
| MarketData || Pricer Params| Results | Fricer Override || Market Data Tkem Override|
E MPY DELTA GAMMA VEGA THETA
Trade resulks | 464,474, 1?| 6?.83659| 0.00227 7,357.01710 -114.72165
Wal Date(19/0572011 |13:56:44 | Pricing Env|INTRADAY | Price ” Close

Note: The above columns show information on the reference numbers and dates are actually used in pricing. The
lagged inflation index levels (initial and final) are also available to the user.
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Section 6. FX Pricing
6.1 Pricers for FX Variance Swaps - PricerVarianceSwapReplicationFX

Overview

The FX variance swap pricer PricerVarianceSwapReplicationFX is based on the replication method of E. Derman
from Goldman. The setup and configuration is almost identical to the equity variance swap pricer,
PricerVarianceSwapReplication documented in section Error! Reference source not found.. Only the differences a
re highlighted in this section;

Market Data Configuration

Market Data Description
Foreign Curve Standard configuration
Domestic Curve Standard configuration
Volatility Surface Standard configuration. The pricing will support volatility surface with delta as strike axis

The use of fwd points based curve is not supported; only domestic and foreign discount curves are used.

Pricing Parameters

Pricing Parameter Type Description Typical Value

REPLICATION_STRIKES Choice VOL_SURFACE - This method is not CONTINUOUS
supported in the of an FX volatility
surface with a delta strike axis.
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Section 7. Commodity Pricing

7.1 PricerCommodityOTCOptionAnalytic

Overview

This pricer supports pricing of Asian, Compo, Forward Start, Digital and Expiry Barrier options. Strategies (
combinations of Call and Puts) are also supported: Call Spread, Put Spread, Straddle, Strangle and Risk Reversal.

This is the recommended pricer for CommodityOTCOption2.

The following combinations are possible:
e Vanilla options with and without barriers
e Digital options with and without barriers
e Asian vanilla options with and without barriers

. Forward start options

e Vanilla compo options with and without barrier
e Digital compo options with and without barriers
e Asian vanilla compo options with and without barriers.

e Asian digital compo option with and without barriers

To price commodity options using this pricer, we recommend using the Commodity Option trade window.

Main Entry>Trade> Commodities > OTCOption

Key inputs in the Commodity OTCOption window

Market Data Description

Pmt Ccy Main currency for the trade. It Pmt Ccy is different from the underlying commodity
currency a Compo option is assumed.

Option Type Allows to define the main pay-off: Vanilla, Forward Start, Digital and some strategies
(combinations of Calls and Puts, e.g.: Straddle, Strangle)

Option Style Not used
Avg Method Different averaging method supported for Asian options.
Barriers Barrier descriptor are added to the pay-off. A non-empty barrier descriptor defines a

barrier option.

7.1.1 Pricing Asian Options
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Asian options are valued using the Levy Turnbull approximation. Different types of averaging methods are possible.
Check Calypso reference manual for "Commodity Averaging Methods” for a full list of averaging types and
description.

Price and Greeks are computed analytically.

See next section for more details on the averaging methods.

7.1.2 Pricing Compo and Compo Asian Options

Compo options are assumed whenever the currency of the underlying is different from the currency of the option.
The currency of the option is given by the Pmt Ccy. It is assumed the currency of the Strike is equal to the
currency of the option.

It is also possible to deal with Asian Compo options. In this case, there are different types of averaging methods
that can be applied. For example, it is possible to average the commodity prices and multiply for the average fx
rate (ATC or Average Then Convert method) or it is possible to convert each of the prices with the corresponding
daily fx rate and average afterwards (CTA or Convert Then Average method). Check Calypso reference manual for
“"Commodity Averaging Methods” for a full list and description.

The more general formula for the Asian Compo average is:

Where C represents the price of the underlying commodity, X the corresponding exchange rate and w are the
weights. The summation is done over the averaging days. The weights depend on the type of average method.
Examples of the different average types are:

1 1 1
CTA =23N, G;X; ATC = (33N, G) (RZN.X)  Compo = X;C;
The Pay-off for the Asian option will be given by:

Pay_of f = Max(¢d(Av — K),0)

Where ¢ = +1, —1 for call and puts respectively.

Extended set of Greeks for Asian Compo

Delta Greeks Vega Greeks Gamma Greek
Delta (delta with respect to the Vega (underlying vega) Gamma
underlying commaodit
ying Y) Fx Vega Fx Gamma
Fx Delta . . S
Vega Asian Cross Gamma (i.e. sensitivity of
Delta Asian delta to the changes in Fx rate)

Asian Gamma

The Asian Greeks (Delta Asian. Vega Asian and Gamma Asian) are the sensitivity with respect to F, and o, . These
that are the expected value and volatility of Average Av defined above.

The full list of Greeks can be seen by right-clicking on the corresponding price measure output box.
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| MarketData | Pricer Params | Results |

NPV PV PRICE DELTA GAMMA VEGA THETA CASH
Pay/Rec | 3.4453| 3.4453 3.4453 0.49658 0.03990 | -0.00533| 0.0000|| _
Val Date 12/28/2018 10:00:00 AM Pricing Env|OFFICIAL d
a2 rengt N o | g |
|
Py
|4 PricerMeasureTabulatedClientDataV... [ PricerMeasureTabulatedClientDataViewer... Bl (2] PricerMeasureTabulatedClientDataV...
DELTA details GAMMA details VEGA details
Delta Ex Delta Delta Asian Gamma  Fx Gamma  Cross Gamma — Gamma Asian Vega Fx Vega Vega Asian
alue 0.4032 27.1220 0.4966 value 0.0253  119.0151  2.2860 0.0333 value 0.1582 0.0791 0.1759
Market Data Configuration
Compo options require
Market Data Description

Foreign Curve

Standard configuration

Domestic Curve

Standard configuration

Fx-Commodity

Standard configuration

Volatility Surface

Standard configuration

. The pricing will support volatility surface with delta as strike axis

Fx Volatility Surface

Standard configuration

. The pricing will support volatility surface with delta as strike axis.

Only ATM vols are used in the analytical approximation

correlation

Correlation standard input.

Transient values for the Fx volatility, commodity volatility and correlation between Fx and commodity can be
defined through the Pricing Parameters.

Pricing Parameters

Pricing Parameter Type Description
VOLATILITY Value Volatility of the underlying commodity
FX_VOLATILITY Value Volatility of the fx rate.
CORRELATION Value Correlation between the underlying commodity and the relevant Fx
rate.
References

e Calypso Technology, "CMD Asian option using Levy approximation”.

7.1.3 Pricing Forward Start Options
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Two different types of forward start options are supported: Quantity and Notionally quoted. The respective pay-of
are as follow:

Pay-off of a quantity quoted forward Start Option
Pay_off = Q Max(¢p(F — Ky, Fp), 0)

Where Ko, represent the strike as a percent of the fixing price Fi, where t is the fixing time and T is the maturity
time.

Pay-off of a nominal quoted forward Start Option
N
Pay_off = F—Max(q)(FT — Ky, Fyp),0)
t

Where N represent the notional of the options, K, represent the strike as a percent of the fixing price F;, where t
is the fixing time and T is the maturity time.

Forward start options don’t support Asian averages, barriers or compo options.

Additional inputs

Trade window inputs Type Description

Put Strike%o/Call Strike% Value Strike is fixed as a percentage of the underlying price at the fixing
date

Fixing Date Date Date at which the forward start option fixes its strike

Quantity Value If Quantity is non-zero, Notional is set to zero and the option is
understood to be Quantity quoted.

Notional Value If Notional is non-zero, Quantity is set to zero and the option is
understood to be Notional quoted.

7.1.4 Pricing Digital Options

Digital Call and Digital Put options are priced by replication: they are price as a call or put spread respectively.
Replication allows to value the options in terms of traded products. This approach captures the dependency of the
volatility on the strike. The value using replication is given by:

DC,(F, X, o) = | (C(F, X + DX,) — C(F,X + DX,))

08
|DX1 - DX2

o
DP.(F, X, a) = DX = DX (P(F,X + DX;) — P(F,X + DX,))
2

IDX,

Where a represents the digital payment, DX; and DX, represent the shift in the strikes. For Asian digital F is
replaced by the average Av defined above.
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Three different replication methods are used: Super, Sub and Mid. Each of them each characterize for a different
set of DX; and DX,.

Digital Call Digital Put
DX, DX, DX; DX,
Super -DX 0 DX 0
Sub 0 DX 0 -DX
Mid -DX/2 DX/2 DX/2 -DX/2

For flat volatilities and in the limit of very small values of DX, the value of this approach is equivalent to the value
of the textbook formula for Digital options.

Pricing Parameters

Pricing Parameter Type Description

STRIKE_SPREAD_EPSILON Value This is the DX that controls the value of the strike shift ( see table

above)

DIGITAL_VALUATION_METHOD | Choice | SUPER_REPLICATE (Super)
SUB_REPLICATE (Sub)
CENTRAL_REPLICATE (Mid)

THEORETICAL -Not supported.

References

e Calypso Technology, “Expiry Barriers and Digital options: Definition and Valuation”.

7.1.5 Pricing Barrier Options

Only single expiry barriers are supported. Expiry barriers are those in which the barrier is consider only at the
expiry date.

Four different types of barriers are supported: UP&IN, UP&OUT, DOWN&IN and DOWN&OUT. However UP&IN and
DOWNR&OUT are identical, and UP&OUT and DOWN&IN are also identical.

The price of the barriers can be replicated using a combination of Call, Put and Digital options.

The digital options are valued using replication (see previous section) and it used the Pricing parameters
corresponding to Digital options.

Pay-off for the single expiry barriers

Call Put

UP&IN or DOWN&OUT
with H = X

Max(F — H,0) + (H — X)0(F —H) +r 6(H — F)

ro(H —F)
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Call Put

UP&IN or DOWN&OUT Max(F —X,0) + 7 8(H — F) Max(X — F,0) — (Max(H — F,0) + (X — H)8(H — F))
H<X +7r0(H—F)
UP&OUT or DOW&IN Max(F — X,0) — (Max(F — H,0) + (H — X)8(F — H)) Max(X — F,0) +r 6(F — H)

+7r8(F—-H
with H > X r O = H)
UP&OUT or DOWS&IN rO(F — H) Max(H —F,0) + (X —H)0(H — F) +r 6(F — H)
H<X

Where r is the rebate; 6(x) is 1 for x>0, zero otherwise. For Asian Barriers F is replaced by the average Av defined
above. The expiry barrier options and rebate pay-off involves the computation of digital options. These digital
options are calculated by replication. (See previous section)

Barrier Parameters

Pricing Parameter Type Description
Barrier Count Choice None or Single
Type Choice UP&IN, UP&OUT, DOWNR&IN and DOWN&OUT
Level Value Barrier level
Amount Value Value of the rebate to be paid if the barrier is hit. See pay-off table
for clarification.

Input window for the barrier descriptors appears by clicking on the edit button in the barrier summary.

=/ CommodityOTCOption2/CALL USD/NYMEX WTI Crude Oil/CUSHING OK 01/02/2019 -PQ is Default Processing Or...[ = | B | X

Trade Back Office CommodityOTCOption2 Cashflows  Analytics  Pricing Env Market Data  View  Utilities Help

Buy/Sell | Buy w Pmt Ccy |USD W
Option Type | CALL w Settlement |Cash W Option Style | Standard W

»

Barriers

&) Barriers Details -

Barriers Details
This dialog lets you edit option barriers details

Barrier Count Single
Type UP & OUT [
Level 40
Level (%) [1}
= Rebate Yes
Amount 5
Currency ush
Payment Timing At Maturity

References

e Calypso Technology, “Expiry Barriers and Digital options: Definition and Valuation”.
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Section 8. IRD Market Data Generation

8.1 IRD Cap Stripping

8.1.1 Generator CapATM

Overview

This is a generator for stripping ATM caplet volatilities. Given flat volatilities from the market this bootstrapping
algorithm will generate forward volatilities under the Black Scholes model.

An at-the-money cap is a cap whose strike price is corresponding forward swap rate. All caplets within a cap share
the same agreed strike price.

As of Aug 2015 new functionality has been added, where each caplet can have its own at-the-money rate. This
simply corresponds to the LIBOR rate determined at the start date of the caplet with a tenor equal to the caplet
tenor.

If caplets/floorlets are used as the volatility surface underlying instruments, then generation simply places the
input volatilities on the respective vertex point (expiry/tenor/strike) of the volatility surface.

The market quotes are for the expiry date of each cap. When bootstrapping the caplet vols, the user can choose
whether the caplet vol will be kept flat or interpolated linearly between cap expiries.

Configuration of Generator CapATM

Description of the required configuration of the CapATM generator in the volatility surface window

Definition tab Description
[ VolatiltySurface3D USD.CAP.LNATM USD CLO: PE OfficialPL somichimessl| | Select the generator to be CapATM,
Surface Utiities Help the vol type to be RATE and use a
Derived surface.
Name (USD.CAP.LN.ATM CLOSE w | Date 09/30/2014 7:00:00 AM Current
. Set the EXPIRY_INTERPOLATION
Definiton | Underlyings | Quotes | Ponts | Graph| parameter to “Flat” to keep the caplet
Comment | vol constant between cap expiries, or
to “Linear” to interpolate the caplet
VolTyoe [ =T el [ o vols between cap expiries.
Currency [usp v|  Generator 7l perived |CapATM v () Set the CAPLET_STRIKE parameter to
Index [L1BOR < .| Interpolator [fnterpolator3otinear == “SwapATM” to use the swap rate as
Point Underying one = the strike for all caplet, or “CapletATM”
to select the LIBOR rate as the strike
7} Indude Tenor Axis Vi | Yolue for each individual caplet.
See o e sred L=
S = — Default values are “Flat” and
MOD_FOLLOW v w ”
SwapATM”.
Holidays \NyC J
Pricing Environment | OfficiaiPL v
((toad.. | [ New | [ oeete.. | [ save | [ saveas | [ Close

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Underlying tab - Define caplets/caps

Description

Z VolatilitySurface3D CAP_ATM3 USD CLOSE LIBOR 3M User(calypso_user)(PE default)

surface  Corfigure  Utilties  Help

Name ‘ CAP_ATM3 ”CLOSE v| Date ‘ 1B/0B2009

|| 14:26:51

[Ccurrent

Defintion | Underlyings | Guotes | Paints || Graph

o Destription ld Type Description

L
2411 Cap [Cap/6M/3M/0,0/R/LIBOR/SM

2611 Cap(LM{7M/0.0/R/LIBOR/3M

. [9MJ3M]0. 0JR/LIBOR/3M

2310 |Cap/LY/0.0/R/LIBOR/3M Ef E:D EGD

1105 |Cap/L¥/0.01/4/LIBOR/3M a 2p[2110.ORLIBOR M
z3lz Cap [Cap/37i0, O/RLIBOR[3M

1104 Cap(L/0. D15 {AJLIBOR 3 [ ]

Tte o/ TY 0. CRIALIEOR /M << 2610 \Cap \Capf4¥i0,0/R/LIBOR {31

1106 |Cap/L7/0.025(AILIBORSM

1107 |Cap/1¥/0.03/A/LIBOR]3M

1108 [Cap/LY/0.035(AILIBORI3M

1109 [Cap/L¥/0.04/8LIBOR/3M

1110 |Cap/L¥/0.05/4{LIBOR/3M

1111 (Cap/L¥/0.06iALIBOR/3M

1112 |Cap/L%/0.07/A{LIBOR/3M

1113 |Cap/L¥/0.08/8{LIBOR/3M

1114 |Cap/L¥/0.09/4{LIBOR/3M

1115 [Cap/2¥/0.01/A{LIBOR3M

1116 |Cap/2¥[0.01S{AILIBORISM

1117 |Cap/2v/0.02/A{LIBOR/3M

1118 |Cap/27/0.025/AILIBORAM | ¥

ot [ e | [ oot [ o= ][ soers

Enter the required underlyings for
generation. This is a sample set of
caps and caplets that will be used for
the stripping algorithm.

Example configuration:
0x3 Caplet (optional)
3x6 Caplet

6x9 Caplet

2Y Cap

3Y Cap

4Y Cap

The last caplet has a start date in 9M
and an end date in 12M. In that case
there is no need to add a one year cap
since all the caplets of this cap would
be already known.

swface Configure  Ukiities  Help

I VolatilitySurface3D CapATM USD CLOSE LIBOR 3h User(calypso_user)(PE default)

Mame |CapATM HCLOSE v‘ Data‘ ‘urrent
Definition | Underlyings | uotes | Points | Graph
o Desbon 1:nlss CTWE cDesatr:lD;TR LIBOR{3M
16107 [Capf2Di3M/0. 0R/LIBOR/AM | A e [:‘; [:ELM:SW,/D;/RM;ORHM
16118 [Cap/3D{3M/0.0/R/LIEOREM | -
16083 cap Cap(3M{3M0.0JR/LIBOR{3M
16120 |Capf18Mi3M/D.0/RLIBOR/3M
oo e R oR T | 16090 cap Cap/6M{3M0.0JR/LIBOR /31
:Z?Eg E:E;Zmﬁﬂgﬁfﬁggzmm [ 16092 cap Cap/2v/0.0JRILIBOR}3M
- = I 16093 = |Capfav/0.0/RILIBOR3M
16103 |Capf1¥/6Mi0.0/RILIBOR{EM -
16106 |[Cap/18MieM]D.OfRLIEOR/&M 16094 [ce [Capf4v/0 OR/LIBOR M
16104 |Capf18V/6M/0.0fR/LIBOR/EM
16095 |Capy1¥/0.0/R/LIBOR/3M
16099 |Capf1¥/0.0/R/LIBOR/EM
4781 |Capj1¥/0.01/A{LIEORIZM
4762 |Cap/1¥/0.015/A/LIBOR/M
4763 |Cani1Y/0.02/A/LIEORIEM
4764 |Cap/1¥/0.025}A/LIBOR/M
4765 |Cani 1Y/0.03/A/LIBORIZN
4785 |Cap/1¥/0.035/A/LIBOR/3M
4767 |Cani 1Y/0.04/A/LIBORIZN
4788 |Capj1¥/D.05/A{LIEOR/EM
4789 WCaps 10,06/ AILIBORS3M | i)
tosd.. | mew [ oekts. |[ swe [ sweas

If caplets are added in the underlying
set, one should be careful to add a
continuous set of caplets (i.e. without
gaps), and only with maturities
smaller than the first cap.

Overlapping caplets can be entered if
required. See example, the vol for the
1x4 caplet will be recovered correctly.

After the above configuration is complete the volatilities for the cap and caplets should be added to the quotes tab
then one should click ‘Generate’. The generated surface will be displayed on the points tab.
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Configuration of the Cap / Caplet underlying’s

Description of the required configuration of the cap underlying’s from Main Entry> Configuration> Market Data>
Volatility Surface Underlying’s

Cap Underlying Fields Description
Currency Should be common to all caps and caplets used for the stripping algorithm.
Index Should be common to all caps and caplets used for the stripping algorithm.
Tenor Should be common to all caps and caplets used for the stripping algorithm.
Source Should be common to all caps and caplets used for the stripping algorithm.
Maturity For Caplets it is the amount of time added to the “Fwd Start” field.
Fwd Start For Caps choose “0D".

For Caplets it is the start date and can be higher or equal to “0D".

Option Type

Should be common to all caps and caplets used for the stripping algorithm.

Strike

This field should contain “0”.

Relative ATM

Should be common to all caps and caplets used for the stripping algorithm and
checked.

Frequency Should be common to all caps and caplets used for the stripping algorithm.
Date Roll Should be common to all caps and caplets used for the stripping algorithm.
Holidays Should be common to all caps and caplets used for the stripping algorithm.

Caplet Underlying Fields Example

Description

B volatility Surface Underlying Window o [=[ B This is an example of how to setup a
OTCEouity Option | Bond Option | €DSIndex Option | Commodity Option | Spread Cap cap with matu rlty 2 years.
Cap Swwaption | Future Option Exchange Traded Cption

Currency |UsD - Option Type ICap i
Indesx [LIBOR: -
Strike j0
Tenor |3M = [+ Relative ATM
Source |LIBOROL e
Frequency IQTR -
Maturity |2y -
IMOD FOLLOW hd
Fud Start |00 - EEB ] -
Create Multiple Strikes. .. Halidays INY’C
Create Multiple Maturities ...

. Currency Index Maturity | OptionType Strike Rel. ATM | Fuod Start
14368 |EUR ELRIBOR/6M  [3v Cap 2.50000 r Jz=m |
14369 |USD LIBOR/3M 1Y Cap 000000 [ -

370 |usD 2Y Cap 0.00000 [~]

14371 |USD LIBOR/3M 3v Cap 0.00000 ~
14372 |UsD LIBOR[3M 4 Cap 0.00000 =
14376 |USD LIBOR/LW 18M Cap 0.00000 r
14377 |USD LIBOR/LM 18M Cap 0.00000 r
14378 |USD LIBOR/3M oM Cap 0.00000 r id|
Load Mew Delete Save Save As Mew | IleSTU
Help Close
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Caplet Underlying Fields Example

Description

Z\folatility Surface Underlying Window 1Ol =|
OTC Eauity Option | Bond Option | CDSIndex Option | Commadity Option | Spread Cap
Cap Swaption Future Option Exchange Traded Option

Currency IUSD v l Option Type ICaP j
Index ILIBOR hd l
Strike ID
Tenar |3M 'l ¥ Relative &THM
Source ILIBORDI ~ l
Frequency IQTR LI
Makurity |3M - l
MOD_FOLLOW -
Find Start [o01 | Date Rol |00 [ ]
Create Multiple Strikes. .. | Holidays II'\I\"C |
Create Multiple Maturities ... |
Id - Currency Indesx Maturity CptionType Strike Rel. ATM Fwd Start:
14383 |UsD LIBOR,/6M 2 Cap 0.00000 o x|
14334 |USD LIBOR,/6M 3 Cap 0,00000 [ =
14385  |USD LIECR ) 3M M Cap 0,00000 v
14386 LIBOR/ZM £ Cap [l £

IS0 0, 00000

This is an example of how to setup a
caplet underlying with start date in 9
months and end date 12 months.

) 0.0 0
14388  |USD LIEOR,/3M 3M Cap 0, 00000 Gl
14339 |USD LIBOR,/3M 3mM Cap 0.00000 v 1y
14390 |UsD LIEOR/3M £ Cap ooooon[ 2 |
Configuration of Pricing Parameters
Main Entry> configuration > Market Data> Pricing Parameter set.
Pricing Parameters Description
=l CAPATM_ALLOW_FAIL
Pricing Param Name ICAPATM_ALLOW_FAIL | ICAPATMJLLOWfAIL This is a global switch for the ATM
Cap Generator, it allows the
Type avaang.Boslean | fisvaang Bockean stripping algorithm to fail while
solving for forward volatilities.
Domain Itrue,FaIse [ Global
S |cnpmm RETET Typically the market data can cause
- - the algorithm to fail should the set of
Default Value IFaIse quotes include big jumps between
one maturity and another. Failing
Comment |12 allow or not the bootstrapping algorithm to stop in case the solver Fails to find & solu a|gorithm means that the stripping
q Lo couldn‘t find any solution while
solving for forward volatilities given
=101 the set of flat volatilities that seem
- to be inconsistent.
Pricing Params Set Mame |default
If the global Pricing Parameter
“CAPATM_ALLOW_FAIL" is set to
Pricing Parar Mare Enter Yalue {a Boolean) or Choose Valug true, the algorithm will stop and the
_l ICAPATM_ALLOW_FAIL LI Itrue Itrue LI stripping will not be completed.
ProductType [N ~| e | Remove | For the global Pricing Parameter
ProductType Mame - Walue “CAPATM_ALLOW_FAIL" set_ to fal.se'
o DTIST FR_RATE o N if the sFrlpplng aIgon_thm falls.to find
MY BP_YOL_TRANSFORMATION ERaCT a solution, the stripping algorithm
CARATM true will continue and use the previous
MY CURVE_USAGE MID forward volatility as a solution.
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8.1.1 Generator CapBlack

Overview

This is a generator for stripping fixed strike cap volatilities. Given flat volatilities from the market this bootstrapping
algorithm will generate forward volatilities under the Black Scholes model.

If caplets/floorlets are used as the volatility surface underlying instruments, then generation simply places the
input volatilities on the respective vertex point (expiry/tenor/strike) of the volatility surface.

If caps/floors are volatility surface underlying instruments, then the following steps are followed to bootstrap
volatilities given term volatilities:

1. A preliminary volatility surface is built for the expiry/tenor/strike points using the surface underlying
instruments and their term quotes.

2. Each cap/floor is decomposed into its equivalent caplets/floorlets. Synthetic caps/floors matching the end
date of each caplet/floorlet are created and priced using interpolated term volatilities (i.e. same volatility is
used for all caplets/floorlets of the given synthetic cap/floor). This produces a set of target present values
for a series of caps/floors.

3. Solve for the volatility of the last caplet of each synthetic cap such that it re-prices exactly.

It should be noted that cap/floor maturity dates are transformed on the expiry axis to true expiry dates by
taking the expiry dates of the generated caplets/floorlets.

The solver used in the CapBlack generator is the Brent solver routine.

Configuration of Generator CapBlack

Description of the required configuration of the CapBlack generator in the volatility surface window

Definition tab Description

A Volatiity Surface 3D Window S0 T - r—— l=IE 3| | Select the generator to be CapBlack,
the vol type to be RATE and use a
Derived surface.

Surface Utilities Help

Name CLOSE ¥ | Date 08/23/2013 8:27:10 AM Currer\t

Definition Underlymgsl Quotesl Pumtsl Graphl

Comment

Vol Type |RATE - Vol Model |gjack Al
Currency [UsD w|  Generator [J] perived |CapBlack v|ed
Index | LIBOR. > 3M Interpolator |Interpolator3DLinear - E]
[
[] include Tenor Axis Parameter Value
§ USE_MIN_VOL false
Strike Type |Strike ¥ |mMm_voL 0.0
DateRoll [ MOD_FOLLOW | [USE_MAX_VOL false
. - [MAX_WOL 3.0
Holidays [NvC |...] EXPRY_WTERPOLATION Flat
Pricing Environment | OFFICIAL hd

Load... H New II Delet... H Save II Save...
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Underlying tab - Define caplets/caps

Description

olatilitySurface3D CapBlack USD CLOSE LIBOR 3M User(calypso_user)(PE default) (User:

Surface  Uklies  Help

Mame: |CapB\aEk | ‘CLOSE v‘ Date ‘US#US/ZUIU | ‘17:00:13 ‘ [Ccurrent

Definition | Underlyings | Quetes | Poinks | Graph

1d Description 1d Type Description
4781 Cap (Cap/1¥/0.01/A{LIBOR/3M ~
4782 Cap (Cap(1%/0,015/A/LIBOR{3M T
4783 Cap Cap( 10, 024 ALIGOR,3M
> 4784 Cap (Cap/1v/0,025/A/LIBOR 3 L
4785 Cap Cap/1¥/0.034AILIBOR/3M
< 4786 Cap (Cap(1%/0,035/A/LIBOR{3M

4787 Cap Cap( 10, 04 ALIGOR,3M
4783 Cap Cap/1¥/0,0S/AILIBOR/3M
4789 Cap Cap(1/0, 06/AMLIBOR,3M
4790 Cap Cap(1%/0,07/A/LIGOR, M
4791 Cap (Cap/17/0,06/AILIGOR[3M
4792 Cap Cap/1¥/0.09/A{LIBOR/3M
4793 Cap Cap(Z*/0,01jAMLIBOR,3M
4794 Cap Cap(z*{0,015{A/LIBOR {3
4795 Cap Cap[2¥{0.02/AILIBOR/3M
4796 Cap (Cap(2/0, 025/ A/LIBOR3M
4797 Cap Cap(2*/0, 031 A/LIBOR,3M
4798 Cap (Cap/2¥{0,035/A/LIBOR 3
4799 Cap Cap[2¥{0.04/AILIBOR/3M
4500 Cap Cap('{0, 05 IAMLIBOR,3M
4801 Cap Cap(z*{0, 061A/LIGOR,3M

[oad [ wew | [ melers.. | [ save ][ sevess

Select Fixed strike Caps or Caplets

If caps with relative strikes are selected for use with the CapBlack generator an error message is shown.

Error Message

Expected only caps with abhsolute strikes, check ID: 14935
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Description of the required configuration of the cap underlying’s from Main Entry> Configuration> Market Data>

Volatility Surface Underlying’s

Cap — Volatility surface underlying’s

Description

| A Volatility Surface Underlying Window (User: calypso_user)

Bond Opkion

Cap | Swaption

CDSIndesx QOption
Fukure Option

Carnnodity Option
Exchange Traded Option

Spread Cap
OTiC Equity Option

[

Create Multiple Strikes. ..

|

[

Create Multiple Maturities ...

|

Currency Option Type | Cap v

Index |LIBOR 3z |
Strike |5 |

a7

[ Relative ATM

Source |LIBORDI LY |
Frequency |QTR v|

sty
MOD_FOLLOW v|

e ]

[[] Exclud= First

Id Currency

Indesx

1%

Makurity

OptionType

Skrike

Rel, &TM

Frad Start

4650 LIBOR/3M |37 Cap 3.00000 ] 1

4662 |IISD LIBOR3M 4% Cap 1.50000 []

4692 |ISD LIBCOR}3M =33 Cap 5.00000 []

4695 |ISD LIBOR}3M =33 Cap &.00000 ]

4722 IUSD LIBOR}3M EX Cap 1.50000 ]

4784 |USD LIBOR3M 1Y Cap 2.50000 F]

4790 IUSD LIBOR,3M 1Yy Cap 7.00000 ] B

4792 IUSD LIBOR,3M 1Yy Cap 9,00000 [] 3

Ellalyl {Nlal ¥ I TR b L) = Ea e TaTalel 1 —

< | >

Load " e ” Delete ][ Save " Save As Mew l Id|4?88 |

[ Help ] [ Close ]

This is an example of how to setup a
cap with maturity 1 years and fixed
strike at 5%.

Configuration of Pricing Parameters

Main Entry> configuration > Market Data> Pricing Parameter set.
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Pricing Parameters

Description

ZAdd Pricing Parameter Type

Pricing Pararn Marne ICAPATM_ALLOW_FAIL

it | ICF\PATM_F\LLOW_FAIL

Type Ijava.lang.BooIean

Domain Itrue,FaIse I

Display Mame ICAPF\TM_ALLOW_FAIL

Default Yalue IFaIse

bt | Ijava.lang.BooIean

Global

To allow or not the bootskrapping algorithm ko sko)

4

Comment

p in case the solver Fails to find a solu

Mew | Delete | Save

ZEdit Pricing Parameters Set

=0l x|

Pricing Params Set Mame Idefault

Pricing Param Mame Enter Yalue {a Boolean)

or Choose Yalue

| ICAPATM_ALLOW_FAIL LI Itrue

Itrue

ProductType IAN\" LI Add | Remove |
PraductType Mame - Yalue
BMY ADIUST_F#_RATE true «|
ANY BP_WOL_TRANSFORMATION EXACT
LAY CURVE_LISAGE MID
AN FIRST_ACCRUAL true
AN FUTURE_FROM_QUOTE true
AN F_POINTS false
ANY HAGAMN_BLACK _ON_HAGAN true
ANY HAGAN_CASH_BY_REPLICATION False
LAY HAGAN_CASH_THRESHOLD 7
LAY HAGAN_CASH_YIELD_CURNVE_MODEL LIMEAR.
AN HAGAN_COMPUTE_CORRECTION true
AN HAGAN_RISE_COPTIMISE true
AMY HAGAMN_SWAP_BY _REPLICATION true
ANY HAGAM SWaP USE BASIS AD] false LI
Load... Mew Delete Save 7 Close |

CAPATM_ALLOW_FAIL

This is a global switch for the ATM
Cap Generator, it allows the
stripping algorithm to fail while
solving for forward volatilities.

Typically the market data can cause
the algorithm to fail should the set of
quotes include big jumps between
one maturity and another. Failing
algorithm means that the stripping
couldn’t find any solution while
solving for forward volatilities given
the set of flat volatilities that seem
to be inconsistent.

If the global Pricing Parameter
“CAPATM_ALLOW_FAIL" is set to
true, the algorithm will stop and the
stripping will not be completed.

For the global Pricing Parameter
“CAPATM_ALLOW_FAIL" set to false,
if the stripping algorithm fails to find
a solution, the stripping algorithm
will continue and use the previous
forward volatility as a solution.

Note this Parameter Controls the
behaviour of both the CapATM and
CapBlack generator.




116

Nasdaq Calypso Analytics Library

Pricing Parameters

Description

Surface Utilities Help

Name CLOSE | Date |08/23/2013 8:27:10 AM Current
Definition Underlymgsl Qumesl Points | Graphl
Comment
Vol Type |RATE v Vol Model | glack ~|@
Currency [usp A Generator /| perived .Capﬂla:k > [ed
Index :LIBOR - :3M v: Interpolator | Interpolator3DLinear b4 E]
[ include Tenor Axis ‘ Barameter Value
. " USE_MIN_VOL ~ false
Strike Type | Strike ™ Jmm_voL - 0.0
DateRoll |MOD_FOLLOW « JlUSE_Max_voL - false
. MAX_VOL - 3.0
Holidays [nyc (.. EXFIRY INTERFOLATION BEES
Pricing Environment |OFFICIAL hd
Loadon ) [__New ] [[Deleter | [_5ave ] [[Savem

USE_MIN_VOL / MIN_VOL

If "USE_MIN_VOL"” = “true” then the
calibration algorithm will floor all
forward caplet volatilities to
“MIN_VOL".

USE_MAX_VOL / MAX_VOL

If "USE_MAX_VOL"” = “true” then the
calibration algorithm will cap all
forward caplet volatilities to
“MAX_VOL".

Surface Utilities Help

8:27:10 AM Current

Name CLOSE w | Date |08/23/2013

Definition | underlyings | Quotes | Paints | Graph|

Comment
Vol Type |RATE - Vol Model | glack ~|@
Currency [usp A Generator [/ perived | CapBlack >
Index [LIBOR ¥ |3M M) Interpolator | Interpolator3DLinear 52 [Q
[ 1nclude Tenor Axis Parameter Value
. " USE_MIN_VOL ~ false
Strike Type |Strike ¥ | MIN_voL v 0.0
DateRoll | MOD_FOLLOW | [USE_mAX_voL - false
Holidays [nyc E]I EXPIRY_INTERPOLATION ~ Flat
- 4
Pricing Environment  OFFICIAL b
load... || Mew || Delet.. |[ Save || save..

EXPIRY_INTERPOLATION

If "EXPIRY_INTERPOLATION" =
“Flat”, the forward caplet volatilities
will be flat-interpolated along the
expiry axis.

If “"EXPIRY_INTERPOLATION” =
“Linear”, the forward caplet
volatilities will be linearly-
interpolated along the expiry axis.
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8.1.2 Generator CapBpVols

Generator CapBpVols, in this case the bootstrapping algorithm is using the BpVol (a.k.a. Normal) model to
generate forward volatilities. Volatility surfaces built using this generator can then expose Black or BpVol
volatilities to pricers.

The settings are similar to the configuration of the CapBlack generator, in particular the Pricing Parameters are the
same.

| cLose ~ | pate [08/23/2013 | [8:55:41 am | [] current

Definition | Underlyings | Quotes | Points | Graph|

Comment

Vol Type [RATE w| Vol Mogel |E\ack

Currency [usD ~| | Generator [¥] perived | capapvols

Index [|_]BQR v] Interpolator [[nterpo\atoraDLinear

Include Tenor Axis Parameter

_ USE_MIN_voL
Strike Type [strike MIN_VOL_

DateRoll [MoD_FoLLOW USE_MAX_VOL
_ MAX_VOL
Holidays [nvc EXPIRY_INTERPOLATION

Pricing Environment [DFF[CIAL

[

A Volatility Surface 3D Window

Surface Utilities Help

| Name ‘ | ’CLDSE v] Date |01;29;2013 | ‘6:53:36 AM | Current
Definition | Underlyings | Quotes | Points| Graph|
Comment
Vol Type [RATE ¥| Vol Model [gjack ~@
Currency [EUR w|  Generator [7] perived |CapBpvols v [
Index [EUR_[E[)R v[(,M v] Interpolator [[nterpolator3DLinear ‘]E]
| linclude Tenor Axis | Parameter Value
SrikeType [Strike <] |h§]5_\rﬂ_vm - Ea‘ose
DateRoll | MOD_FOLLOW ¥ | [USE_MAX VL - false
MAX_VOL ~ 3.0
Holidays | TARGET ()
Pricing Environment [OFF[C]:AL ']

Underlying instruments can then be selected in the Underlyings tab as with the CapBlack generator :
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[ A Volatility Surface 3D Window gm

Surface Utilities Help I

Name CLOSE ¥ | Date |01/29/2013 6:56:56 AM Current

Definition Underlyings | Quotesl Pointsl Graph|

Type |Cap - Al MNew Instrument... Underlying Instruments

[ Filter on descri...

4
Id~  Description o d Type Description

5014  |Cap/1¥/0.0175/A/EURT . 58199 Cap Cap/6M/0.025/A/EURTBOR/6M
5016 |Cap/1Y/0.02/A/EURIEC — 58696 Cap Cap/1M/6M/0.025/A/EURIBOR/6M
5017 |Cap/1Y/0.0225/A/EURT = == 58697 Cap Cap/2Y/6M/0.025/A/EURIBOR/GM
5018 | Cap/1Y/0.025/A/EURIB 5013 Cap Cap/1Y/0.015/A/EURIBOR/3M
5010 |Cap/1Y/0.03/A/EURIBC 58197 Cap Cap/1Y/0.025/A/EURIBOR/GM
5020 | Cap/1Y/0.035/A/EURIB 58198 Cap Cap/18M/0.025/A/EURIBOR/E6M
5021 |Cap/1Y/0.04/A/EURIBC 50106 Cap Cap/5Y/0.01/A/EURTBOR/GM
5022 |Cap/1Y/0.05/A/EURIBC

LR vy e ey

They can then given either Black or BpVol quotes. Please notice that the Black quotes (Yield) are specified as
percentages, while the BpVol quotes are given in “bips” :

2 voniysutace D D =)

Surface Utilities Help I

Mame CLOSE v. Date (01/29/2013 7:00:12 AM Current

| Deﬁnitionl Underlyings| Quotes | Pointsl Graph|

Quote Name Type CLOSE

[5p.EUR.6M.0.025. EURIBOR. oM. EDRIBORDT = Tien ELURAA LA
Cap.EUR.1M.6M.0.025.EURIBOR.6M.EURIBORO1 - Yield 30.00000000;
Cap.EUR.2Y.6M.0.025.EURIBOR.6M.EURIBORO1 - Yield BD.DDDDDUDQ|
Cap.EUR.1Y.0.025.EURIBOR.6M.EURIBORO1 ~ BpVol 40.0000
Cap.EUR.18M.0.025.EURIBOR.6M.EURIBORO1 ~ BpVol 40.0000
Cap.EUR.5Y.0.01.EURIBOR.6M.EURIBORO1 ~ BpVol 40.0000

Cap Generator References

e Hagan, P. and Konikov, M. (2004). “Interest rate volatility cube: Construction and use”.

8.1.3 Generator CapShiftedLognormal

Overview
This generator computes the forward caplet volatilities from the market quoted Cap volatilities.

It supports rate shifts (at the moment, a uniform shift specified by a single value) in order to bootstrap volatilities
even if the interest rates are negative.

It also supports caps with different tenors for the underlying caplets. The current implementation is limited to two
such different tenors, (for example, 3M and 6M LIBORSs) and the short tenor caps must have expiry dates coming
before those of the long tenor caps. The generator does not support mixing the caps of different tenors in arbitrary
order.

The caplet volatilities are computed by first calculating the prices of the forward caps; that is the difference in price
between a cap of a certain expiry date and the cap with immediately shorter expiry date. Each cap is priced with
the quoted market volatility and shift. After that, the volatilities of the caplets of the forward cap are determined
numerically (respecting the interpolation method specified by the user) in order to match the price of the forward
cap.

One thing to keep in mind is that in the case where the cap volatilities decrease steeply with increasing expiries it
is possible that the price of the forward cap becomes negative. In this case the bootstrapping will fail, and the last
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successful value of the caplet volatility will be repeated for later expiries until the forward cap price becomes
positive again, or the last expiry date of the caps is reached.

Definition Tab

Description

A VolatilitySurface3D YEAGER_CapShftdLgNrml USD CLOSE LIBOR 3M User(brad)(PE default_LivePl) | =12 -
Surface Utiities Help
Name |YEAGER_CapshftdLghrmi cLose | Date |07/25/2018 53:00:00 AM [eurrent
Definiton | Underlyings | Quotes | Points | Graph |
Camment
Vol Type |RaTE +|  velModel @
currency |usn w|  Generatr [gperived | CapshiftedLognomal v =]
Index [L1BOR MEX | Interpolator | Interpolator 3DLinear v
[ Include Tenor Axis Parameter Value
) JUSE_MIN_vOL - false
Strike Type [strike ~ | [Min_vor - 0.0
DateRol [wop_FoLLOW | [ e ~ False
- MAX_vOL - 3.0
Holidays |nyc [l xp iRy INTERPOLATIO Fla
o -
Pricing Environment
° defaut_LivePt A revom_norereoLATIo
&G |COMPUTE_RISK_JACOBLAN - e
MDI Name value
Discount Curve |YEAGER_USD_FEDFUNDS 7/25/18 8:00...
Projectin Curve 3 YEAGER _USD_LTBOR 7/25/18 5:00:00....
Rate Shift
[Correlation
toad. | [ mew | [ pelete. | [ save || savess

MDI PARAMETERS

Discount Curve : User-specified,
will supersede the one in the
Pricing Environment

Projection Curve 3M : User-
specified forecasting curves for the
short-tenor caps. The tenor in the
label is extracted from the actual
cap underlyings.

Projection Curve 6M : Same, but
for the long-tenor caps.

Rate Shift : The lognormal shift for
the quoted market vols. The object
holding it is a VolatilitySurface
with only one point set to the
value of the rate shift.

Correlation : The correlation
between the Brownian motions
driving the dynamics of the 3M
and the 6M LIBORs. Specified as
an Index-Index correlation matrix
object.

PARAMETERS
e USE_MIN_VOL
¢ MIN_VOL
e USE_MAX_VOL
¢ MAX_VOL

e EXPIRY_INTERPOLATION
e  STRIKE_INTERPOLATION
e TENOR_INTERPOLATION

These parameters specify
the way the volatility is
bootstrapped for
individual caplets.

One can set different
interpolation methods
(Flat or Linear) to
Expiry/Strike/Tenor and
the interpolator set in the
surface is ignored.

The remaining MID Parameters:

The “Rate Shift” parameter can be left blank, in this case the shift will be set to zero.
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A VolatiitySurisce3D SH#MDI UST CLOSE LIBOR, 3M Usaricalypso_used(PE OFFICIAL) | & A ViolatilitySurface30 Shift MDE USD CLOSE LEOR 30 Usesfealypss,_uer)[PE OFFICIAL = | )
Suface  Utiites Help Surface  Lhilities  Help
Mane [shifeD acs - | oate onuaols 515325 AM [“owrent ||| Mame sheteor o= - et |03/ 5LE1125 AM 7 currant
Sefintion | offeets | Fonts Gragh | Dednition | Offsess | Porss Graph
Coeneserst | | valtitgodel: Bak MID v
Espiry Relaive % o i > Ask
. T = o = =l Q50016 | 5.00000) ——— a1l b
Currency USD v GEnEEEN Mlpenved HONE - eroiate. :
Index |1a0R, MET v/ [nberpolater [interpolstor SDUnear ] e - t
\ 7] Bkt T Asi Feremter Velue [ :
Sirike Type | Reolative % =] |
Dateficd 10D FOLLOW - I
[ ]
Hebdays ! ¥
Pricing Emvironmsent | ormjCra = \ :
| | !
I ]
ot | [ tew | [ peleme | [ swe | [ soweas e Lot | [ hew Deeie... sawe | [ s |
j| S—

The “Correlation” parameter is needed only if the surface is a multi-tenor one. It can be left blank for a single-tenor

surface, as a correlation value is not needed. The important value here is the off-diagonal value, which is the one
used in the conversion of the caplet volatilities between tenors.

A Camelation |L4531) USD LIBOR_3M_EM Indesiindex CLOSE Z/15/16 B:85:0 AM Unerlcahpaa_user) (ol b it [ 4 Coeralafion (14631) USD_UEOR_3M_6M IndenTndes CLOSE /15716 B-46:34 AM Userfcalypse_uer] (0=
hare USD_UESOR_3_tM 'a.oee | Date 02152005 B 45344 AM Current Hame: (LED_LIBOR_5_6k CL05E - Date |0/L5E015 S 1AM ] Current
[ wfrion [printz 1 D""‘“"”"""
A |Index . [ nd A | Indax == Toner fis Tenar | | D =l ene ol E
T ] [ mee | oo | USDLECR M USDBOR 5N
MEDAEDR EM MISDLECE, M LEDALTROR M | 1.0000|
\ - h ) M| | LEDLIBOR M 0.5500 13000
U | u
Comments |
f L ! | asiribube Fame Airrbuie Vake [ erived '. |
Prigg B | OFFICIAL = [—J
add
Ganerator 9| OKE = |:
PRermave
[ iead “ [ Dilate e st | Heip || Chsa [__L_e.!n__g new | [ coew Sy S s Hele e

The “"Underlyings” tab:

In this tab we specify the underlying caps that will be used for bootstrapping the caplet volatilities. Here we can
select the caps for the short tenor and the ones for the long tenor for each strike. The caps for the short tenor
must all have shorter expiries than the ones for the long tenors. In the current implementation we cannot have
short tenor caps with expiries longer than those of the long tenor caps for the same strike.

Please notice that the Projection Curves labels in the MDI parameters list are updated based on the underlyings.

However, as mentioned earlier, the list of labels will not be automatically refreshed if the underlyings are changed.
To obtain the refreshed list the generator has to be re-selected in the Definition tab.
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CapTestMuliTenor USD CLOSE LIBOR 3M Usericalypso_userdPE OFFICTAL) L (0. bl
Surface Utiites  Help
Name | CapTestMutiTenoe Qose ~ | Date |05/26/2010 11:55:00 M
| Defintion| Underynos | Quotes | Pants | Grach |
| |
| Type - A New Instrument... Underhpng Instruments
"] Fiter o description
'm Desaption : d Toe Desoripbion \
et Cap [ 1Y/0.01 ALIECR /M [
. 4732 Cap 120y 1V/0.015/ALIBOR /34
fr22e] 1% Koo (oo 1Y/0.02/ANBECR T
7 Ca 3/ 1V/0.025 AL IBOR/3M
<< | f7 Cep {2Y/0.0 AN TECR /3
L Cap [Co0/2Y/0.015/ARTBOR /34
Has = {Co0V21/0.02/ALEOR/3M
5756 Cap [Cop/Z1/0,025/ALIBOR /M
(59695 Fao (A3 0.01 AL IECR 5N |
|s5195 ) [C20/3Y/0.015/ALIBOR 6 \
(53697 |23 [Co0VSY /0. 02/ANIEOR St
pSi97_ Cao JCaniy/0. 025 AMRIHCR S
SLE906 Co [Copy 107001/ ALIDOR \6M
56507 Cap }oa'mr.o.o:s,ruboa;m
56593 C20 G20/ 107/0.02/ALIBOR 6 1
36409 oo [Cep/107/0.025/ALIBOR M
= == |
[load 7 [ New | [ pelte.. |[ Save Sweds | [ Cose

In this example, the underlyings
are caps on 3M LIBOR up to the 2Y
expiry date and caps on 6M LIBOR
for expiries longer than 2Y.

Please notice that simply using the
>> and << buttons to update the
underlyings will NOT update the
forecasting curves labels on the
“Definition” tab. For example, if the
underlying contain only caps on 3M
LIBOR, adding caps on 6M LIBOR
with the >> button will not result
in the additional label “Projection
Curve 6M” being added.

The user will have to go back to
the “Definition” tab and select the
generator again, in order to refresh
the MDI parameters list.

The “Points” tab and adjustment layers:

The vol is stored in the “bid” and “ask” layers. Also, the “Tenor” drop-down menu will contain both tenors and the
corresponding volatility. Please notice that in the case of a 3M plus 6M volatility surface, the 6M tenor volatility will
be super-sampled and shown in the Points tab every 3 months. That is because the volatility will be shown at the

highest caplet expiry frequency.

CapTestMultiTenor USD CLOSE LIBOR 3M Usericalypso_userdPE OFFKIALY L2 B
Surface  Utiities Help
Name CapTestMultiTenor QLOsE « | Date |05/26/2010 115500 M
| Definiscn | Underiings | Quotes| Fomts  Gragh|
1
¥ Tene By OSrhe Tewr M ‘
I — — — R — { |
|| Byt 1 L5 2 25 [ d 2> Ak |
| ps/as/010 96.06000  00.64000]  w0.6000  93f€ |
08/26/2010 6,95000 100.64200| wo.200|  sapd p————I
{26710 56,9500 100,63000| 100, 26000] [ [
| 02242011 | 969000 100.64000| 100.26000]  95.13000| | | Interpolate. . j
| bse/2011 77.62390, 73.18845| 6577433 $9.5534] » |
| D280t 776239 73.19345) 65.77493  59.50334) ACTRED 2 ’
| [1N25/2011 77.62230 73.19345| 65.77433 59.55334 |
[ me;esl 78] 65.7749) 59.553%) et
T nom3 5173387, €5.78506  70.16035)
£1.05060 612938 65.82381] 7.20351)
| [z 61,2159 61,4615 65,9537 70.33416|
| p2/25/2013 £1.25807) 6147228 66.02334) 7042935
: 65,88305 6333551 6138755 6L11424
€5.03513 §3.39522 €2.02352| 61.14337
| 6615383 63.55346 62.15724) 6125208
| 2721 [ 6621064 6360127 62.191%|  6L2519
| 07282014 [ esamn 53,7701 §233%7  6LA1%
| 08/27/2014 66,43531 61.21298| 62,6678 6194955 u
3 LTS T Y - AR NN AT CRICAL A2 K110 ALSMAAL.
Load... New | [ Dalete... | [ Save Sweds | [ Ocse

Support for RFR

Generator CapShiftedLognormal supports generation on RFR Cap underlyings.

Definition should have the correct RFR index as surface index.
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A VolafilitySurface3D USD.Cap RFR.LogVol USD CLOSE SOFR 10 User(ird_user)(PE FO_ShiftedLag\Vol_RFR) ¥
Surface LUtilities Help
Hame  LISD.Cap.RFR.LogVol CLOSE | Date | 03726/2071 7:41:39 AM |E|0urmnt
Defindion | Underlyings Quotes Foints Gragh
Commank
Val Type | RATE ~| wnlmde|| - @
Currency | USD: =] GENErtIr [ perned  CapShiftediognarmal o [one]
Index | SOFR « |10 w  Tterpuiator | Inkerpaletor3DLinaar |
Point Underlying | yone ,_.|
Include Tenor Axis Farameter value
St Type Siike o] e voL s
DateRall FOOLOW | [USE_MAX_WOL - Falsa
R _l MK _WOL * 3.4
Halidays |- [EXFIRY_NTERFOLATION ~ Linear
) STRIKE_INTERPOLATION - Linear
Prieing Emdranment | FO_Shifted| ogVol RFR 5 TENOR_INTERPOLATION - Lnear
G & COMPUTE_RISK_IACOBIAN - false
MDI Name Walue
Discoumt Curve USDUMC.SORFF.FF 3/26/21 1:54:01.000 AM EDT
Projection Curve S0.MCSOFRFE SOFR 3/26/21 1:54:01.000 AM FOT
Rate Shift Rate_Shift=3% 3/26/21 1:23:35.000 AM EOT
Projection Curva Lang Tenar (Opt)
Comralation Short-Long Tenors (0pt)
[lead. 1 | mMew | Delet. Save || Save..
Underlyings:
ame |USD.Cap.RFR.LogVol | CLOSE v/ Date |us;2muz1 | 7:41:30 AM | [ current
Definition Underlyings Quotes Points Graph
Type | 7 | New Instrument... Underiying Instruments
[ Filtar on descri...
d Description d Type Cescription
2048202 Cap Cap/1¥/0.0050/A/SOFR/1D A
2048203 Cap Cap/1%/0.01/A/SOFR/1D
2048204 Cap Cap/1Y/0.015/4/SOFR/1D
2048206 Cap Cap/L¥/0.02/A/SOFR/1D
2048207 Cap Cap/1%/0.025/A/SOFR/1D
2048208 Cap Cap/1¥/0.03/A/SOFR/1D
2048209 Cap Cap,/1¥/0.035/A/SOFR/1D
> 2048210 Cap Cap/LY/0.04/A/SOFR/LD
2048211 Cap Cap/1¥/0.045/A/SOFR/1D
| << | 2048212 Cap Cap/1¥/0.05/A/SOFR/1D
2048213 Cap Cﬂpfl‘f’fﬂ.ﬂﬁfMSDFﬂle
2048214 Cap Cap/1¥/0.07/A/SOFR/1D
2048205 Cap Cap/L¥/0.1/A/SOFR/1D
2048215 Cap Cap/2/0.0050/A/SOFR/1D
2048216 Cap Cap/Z¥/0.01/A/SOFR/1D
INAATT ran AR/ N1 SIATSOFRIA N

A typical RFR Cap underlying needs to be set as below:
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Bond Option CDSIndex Option Commadity Option Spread Cap Warrant
Cap Swaption Future Option Exchange Traded Option OTC Equity Option
Currency |USD b Option Type Cap b
Index | SOFR ™
Strike |0.5
Tenor |1D e [ ] Relative ATM
Source | FRBNY bd
Frequency QTR b
Maturity | 2y w
MOD_FOLLOW ~
Fud Start |0D - Date Roll _
Create Multiple Strikes... Holidays | NYC
Create Multiple Maturities ... Exclude First
Payment Lag |2 | Bus Cmp DLY v SimpleSpr
Id Currency  Index: Maturity ~ OptionType  Strike Rel. ATM  Fwd SI
2048209 |USD SOFR/1D 1Y Cap 3.50000 A
2048210 USD SOFR/1D 1Y Cap 4.00000
2048211 |USD SOFR/1D 1Y Cap 4.50000
2048212 |USD SOFR/1D 1Y Cap 5.00000
2048213 |USD SOFR/1D 1Y Cap 6.00000
2048214 USD SOFR/1D 1Y Cap 7.00000
0.50000
2048216 [USD SOFR/1D 2Y Cap 1.00000 v

8.1.4 Generator CapNormal

This generator computes the forward caplet Normal (Gaussian) volatilities from the market quoted Cap volatilities.
The generator works in tandem with the CapFloorNormal pricer and supersedes the CapBpVols generator. Similar
to its shifted lognormal counterpart (CapShiftedLognormal) it also provides risk optimizations using Jacobian
calculations (cf. the discussion below in ‘Computation of the Risk Jacobian (V15.1)’).

See also the general discussion about the underlyings and the adjustment layers in the CapShiftedLognormal and
CapBpVols generator sections.

Also note that, at this time, the projection and discount curves are picked up through the Pricing Environment
using the settings for the Cap pricer.

Definition Tab Description
A VolatilitySurface3D CapBpVols USD CLOSE LIBOR 3M User(brad)(PE default_LivePL) L= 1Y
Surface Utilities Help PARAM ETE Rs
Name | CapBpVols cLose v | Date |08/07/2018 58:00:00 AM [Jcurent . U S E_M I N_VO L
Comment ] . MIN_VOL
Vol Type [raTe v Vol Madel @ Ld USE_MAX_VOL
Currency [usp v|  Generater i perived |Capormal v [
Index [LIBOR MEY | Interpolator | nterpolator3bLinear v =] . M AX_VO L
Parameter vai
[ e Tenor s e o e  EXPIRY_INTERPOLATION
Strike Type | sirke v | jMmvor 6.0001
Datefal [mop_FoLow o e 5 . STRIKE_INTERPOLATION
Holdars jurc ] [perv oo ot —
R rERpOTION e TENOR_INTERPOLATION
These parameters specify

the way the volatility is
bootstrapped for individual
caplets.

One can set different
interpolation methods
(Flat or Linear) to
Expiry/Strike/Tenor and
the interpolator set in the
surface is ignored.
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CapNormal generator also supports generation on RFR cap underlyings. Similar as in CapShiftedLognormal
generator.

8.1.5 Computation of the Risk Jacobian (V15.1)

As of V15.1 it is now possible to compute the sensitivities matrix of the bootstrapped caplet vols with respect
to the market quotes of the surface underlyings. We call this matrix the Risk Jacobian. When a user wants to
compute the change in price of a Cap/Floor/Collar trade when an underlying quote is bumped, there is no need to
re-generate the surface. All that is required are the vegas of the individual caplets that make up the trade product
and the Risk Jacobian, and the change in price can be computed much faster, as the re-generation of the volatility

surface is no longer necessary.

In order to compute the Risk Jacobian the Generator Parameter COMPUTE_RISK_JACOBIAN must be set to
true. Please note that, for the moment, the computation is supported only for surfaces containing underlyings of a
single tenor (e.g. 3M). For multi-tenor surfaces we will have to revert to the bump-and-reprice method.

The values of the Risk Jacobian can be serialized and saved to the Database, but, as of now, there is no
functionality to display these values in the GUI.

[ volatilitySurface3D USD.CAP.SINGLE. TN USD CLOSE LIBOR 3 User(ird_user)(PE CAPGEN) The value of
Surface Utiiies  Help COMPUTE_RISK_JACOBIAN
Name [USD, CAP.SINGLE. TH CLOSE ~ | Date |nifznjz016 10:00:00 &M [~ Current .
I ! | I is set to “true” when all the
Defirition | Linderlyings | Guotes | Pants | Greph| underlyings have the same
tenor. Please note that
Camment .
there is only one projection
curve specified, for the 3M
Yol Type IR,QTE LI Yol Modsl I j o tenor
Currency [Usp x| Generator 7 perived. [CapshiftedLognormal 2
Index |1 15OR, =lfam x| Interpolator [interpolator3Dlinear =1 _|
Paint Underlying INone ﬂ
¥ Include Tenar Axis eI Paramater o Value
_PIN_ alse
Strike: Type: IStrike d MIN_YOL 0.0
USE_MAK_WOL False
DateRall [mon_FoLLow = [maxvor 30
Holidays [iic _I EXPIRY_INTERPOLATION Flat
STRIKE_INTERPCGLATION Linear
Pricing Environment Ic,quEN LIIZETWOPFDTI;ER;OJL:;IOOETAN tlne_ar
_1 ‘q | . rue
MO Mame Walue
I USDUELAT 3255 1120718 8:00:00,00
[Prn ection Curve 3M LISD.FLAT. 3M{2% 1420/16 8:00:00.00... |
Rate Shirt SRITEMDLO% 1j20] 16 11:59:59.000 FM...
Correlation
Load... | Mew | Delet... | Save | Save As | Close |

8.2 IRD Swaption Volatility Stripping

8.2.1 Generator SwaptionDerived

The SwaptionDerived is a Derived vanilla swaption generator that can handle mixed swaption inputs and provide
vols to both the shifted lognormal and normal swaption pricers.
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Point Underlying [Swap

~ | Reset Underlying Vol Point |

Name |USD.Swaption.Derived | |CLOSE ~| pate 022212017 | [si13:31 M | [ current
Definition | underlyings | Quates| Points | Graph|
Comment
Vol Type [RATE v] Vol Model ‘ - ‘.
f Currency [USD ¥ Generator [7] perived [SwaplionDerived v]@
Index [LIBOR - [3m ¥ | Interpolator [Interpolator3DLinear v

Pricing Environment | CCY_LGM_BFVol

=

MDI Name
Discount Curve

Value

|USD.FF.Vanilla 2/22/17 2:22:22.000 AM EST

Forecast Curve

|USD.I.]E.Van|||a 2/22(17 2:22:22.000 AM EST

[#] Include Tenor Axis Parameter Value
Strike T = EXPIRY_INTERPOLATION ~ Linear
¥pe |Relative Spread ~ | |STRIKE mTERPOLATION ~ Linear
i DateRoll [MOD_FOLLOW + | [TENOR INTERPOLATION ~ Linear
= DEFAULT_LOGNORMAL_SHIFT ~ 0.0002
Holidays [Ny [

Load... | [ New | [ Delet.. | [

Save

| [ save... |

The user can provide a blend of inputs — {Black, BpVol, ForwardPremium}, with the types added as necessary in

Configuration -> System -> Domain Values -> QuoteType:
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4 VolatilitySurface3D USD.Swaption.Derived USD CLOSE L... .= | (5] @5

Surface Utilities Help

Mame USD.Swaption.Derived CLOSE w  Date 02/22/2017 8:13:31 AM

| Definition | L.Inderl*,rings| Quotes | Pcrintsl Graph|
Quote Name Type CLOSE
SWAPTION.USD.Rec.1M.2Y.LIBOR.3M.LIBORO1.R0O.0 - ForwardPremium 6.0052310 -
SWAPTION.USD.Rec.1M.3Y.LIBOR.3M.LIBORO1.R0O.0 - BpVol 45.2550 i
SWAPTION.USD.Rec.1M.4Y.LIBOR.3M.LIBORO1.R0.0 - Yield 35.60000000 |
SWAPTION.USD.Rec.1M.5Y.LIBOR.3M.LIBORO01.R0O.0 - Yield 33.60000000 =
SWAPTION.USD.Rec.1M.6Y.LIBOR.3M.LIBORO1.R0.0 - Yield 30.80000000 i
SWAPFTION.USD.Rec.1M.7Y.LIBOR.3M.LIBOR01.R0O.0 - Yield 28.90000000
SWAPTION.USD.Rec.1M.8Y.LIBOR.3M.LIBORO1.RO.0 - Yield 27.30000000
SWAPTION.USD.Rec.1M.9Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 26.10000000
SWAPTION.USD.Rec.1M.10Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 25.00000000
SWAPTION.USD.Rec.1M.15Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 22.30000000
SWAPTION.USD.Rec.1M.20Y.LIBOR.3M.LIBORD1.RO.O |~ Yield 21.10000000
SWAPTION.USD.Rec.1M.30Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 20.20000000
SWAFTION.USD.Rec.3M.2Y.LIBOR.3M.LIBORO01.R0O.0 - Yield 51.10000000
SWAPTION.USD.Rec.3M.3Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 42,50000000
SWAPTION.USD.Rec.3M.4Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 36.30000000
SWAPTION.USD.Rec.3M.5Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 33.40000000
SWAPTION.USD.Rec.3M.6Y.LIBOR.3M.LIBORO1.R0.0 - Yield 30.90000000
SWAPTION.USD.Rec.3M.7Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 29.20000000
SWAPTION.USD.Rec.3M.8Y.LIBOR.3M.LIBORO1.R0O.0 - Yield 27.70000000
SWAFTION.USD.Rec.3M.9Y.LIBOR.3M.LIBOR01.R0O.0 - Yield 26.50000000
SWAPTION.USD.Rec.3M.10Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 25.50000000
SWAPTION.USD.Rec.3M.15Y.LIBOR.3M.LIBORD1.R0O.0 |~ Yield 22.90000000
SWAPTION.USD.Rec.3M.20Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 21.80000000
SWAPTION.USD.Rec.3M.30Y.LIBOR.3M.LIBORD1.RO.0 |~ Yield 20.80000000
SWAPTION.USD.Rec.6M.2Y.LIBOR.3M.LIBORO1.R0.0 - Yield 48.20000000
SWAPTION.USD.Rec.6M.3Y.LIBOR.3M.LIBORO1.RO.0 - Yield 41.00000000 -
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r

A Domain Values ==y X

I «* Reload [l save I Save All | [#] Constraints Setup (7

Q- Search (Ctrl+F) 0 of 0@ @ | [] value

=+ quoteType -~
ASSET_SWAF_SFPREAD Value: ForwardPremium
Bpvol
CleanPrice
DISC_MARGIN

DirtyPrice | <<add | | Addasawe
Discount

Factor ’ => Remove l

ForwardPremium

Future

Future32

Futuret4

GrossPrice
GrossUnitaryPrice
ImpliedCorrelation
NOME

Price

Price32

Fricet4

FriceC

Pricevaol

Spread

UnitaryPrice
VolatilitySpread

WHT Gross Clean Price
WHT Gross Dirty Price
-~ 4% WHT Gross Yield

_LO WS

- 4% Yiald

Mame: quoteType

Comment:

GGG EGEEGEREEGEEGER G RGN

The lognormal shift can be provided in two ways
e The default shift, specified as the "DEFAULT_LOGNORMAL_SHIFT” generator parameter

e On the lognormal shift tab in Points
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-

A VolatilitySurface3D USD.Swaption.Derived USD CLOSE

Surface Utilities Help

Name |USD.Swaption.Derived .CLDSE -] Date |02/22/2017 8:13:31 AM DCurrent

Deﬁnitionl under\yingsl Quotes‘ Foints | Graph

() Tenor () Expiry (@ Strike Strike |0 - VolatilityModel:
Expiry/Tenor 2y 3y 4 5Y &Y ad 8y 9y 10¥ 15Y 20Y 30Y Bid >> Ask
03/22/2017 0.02000/  0.02000] ©0.01000| 0.00000] 0.02000) 0.02000, 0.02000) 0.02000] 0.02000) 0.02000) 0.02000,  0.02000
05/22/2017 0.02000(  0.02000] 0.02000] 0.02000) 0.02000)  0.02000,  0.02000] 0.02000]  0.02000[ 0.02000) 0.02000  0.02000
08/22/2017 0.02000( 0.02000] 0.02000] 0.02000] 0.02000] 0.02000]  0.02000] 0.02000[ 0.02000[ 0.02000] 0.02000  0.02000
11/22/2017 0.02000[  0.02000] 0.02000] 0.02000) 0.02000]  0.02000]  0.02000 0.02000[  0.02000] 0.02000]  0.02000]  0.02000
02/22/2018 0.02000(  0.02000) 0.02000) 0.02000) 0.02000] 0.02000]  0.02000] 0.02000[ 0.02000] 0.02000] 0.02000]  0.02000 'acT/360 =
08/22/2018 0.02000(  0.02000] 0.02000] 0.02000) 0.02000)  0.02000,  0.02000] 0.02000]  0.02000[ 0.02000) 0.02000  0.02000 L
02/22/2019 0.02000) 0.02000] 0.02000] 0.02000] 0.02000] 0.02000] 0.02000] 0.02000[ 0.02000[ 0.02000] 0.02000]  0.02000
02/24/2020 0.02000] _ 0.02000]  0.02000] _ 0.02000] _ 0.02000]  0.02000 _ 0.02000 _ 0.02000] _ 0.02000] _ 0.02000] _ 0.02000 _ 0.02000 EIOEE
02/22/2021 0.02000(  0.02000) 0.02000) 0.02000) 0.02000] 0.02000]  0.02000] 0.02000[ 0.02000] 0.02000] 0.02000]  0.02000
02/22/2022 0.02000(  0.02000] 0.02000] 0.02000) 0.02000)  0.02000,  0.02000] 0.02000]  0.02000[ 0.02000) 0.02000  0.02000
02/22/2024 0.02000) 0.02000] 0.02000] 0.02000] 0.02000] 0.02000] 0.02000] 0.02000[ 0.02000[ 0.02000] 0.02000]  0.02000
02/22/2027 0.02000[  0.02000] 0.02000] 0.02000) 0.02000]  0.02000]  0.02000 0.02000[  0.02000] 0.02000]  0.02000]  0.02000
02/23/2032 0.02000(  0.02000) 0.02000) 0.02000) 0.02000] 0.02000]  0.02000] 0.02000[ 0.02000] 0.02000] 0.02000]  0.02000
02/23/2037 0.02000)  0.02000] 0.02000] 0.02000) 0.02000]  0.02000,  0.02000] 0.02000] 0.02000[ 0.02000] 0.02000]  0.02000
i
[ Load... ] [ Mew I [ Delet... I [ Save ] [ Save...

Different interpolation methods are also supported for the 3 available axes (expiry, strike, tenor).

8.2.2 Generator SwaptionSABRDerived (*)

(* : requires Calypso version 12 or higher)

Overview

The SwaptionSABRDerived generator builds SABR volatility interpolators along strikes, on a user-specified grid of
swaption expiries and swap tenors. It allows for

e explicit calibration to away-from-the-money and at-the-money swaption data
e calibration to caplet skews and at-the-money swaptions
. manual SABR parameter inputs

or a combination thereof. When skew data is sparse, the SABR parameters (B,p,v) that control the volatility smile
are interpolated bilinearly in expiry and tenor space, with flat extrapolation where necessary.

Definition
Generator

Tick the Derived tick-box and select SwaptionSABRDerived generator; this will bring up the Definition panel:
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Surface  Configure Utilities Help

Mame |EUR.VolatilitySurface. SABR. CLOSE « | Date |02/26/2015 5:02:54 PM [] Current

Definition | Underlyings | Quotes | S48R Points

Comment

Vol Type [pATE | Vol Model |gjack

Currency EUR | Generator ) perived | SwaptionSABRDerived

Index | ELRIBOR | Interpolator | nterpolator 3DLinear

Paint Underlying [pone

Incude Tenor Axis Parameter Value
. . . |atm interpolation mode (along expiry) + Linear Black vol
Strike Type Relative Spread | [Extrapolation scheme {beta,rho,nu) ~ Expiry first
DateRol 'MoD FOLLOW | [BPVOL_TRANSFORMATION_METHOD ~ EXACT
- = * |APPROXIMATION + HAGAN
Holidays | TaRGET Calibrate SABR valuss ~ true
1 [Regenerate caplet surface - false
| [Initial-guess method - Adaptive
_E 1._? Calibration weights method -
Vega weights exponent
MDI Mame Default_Beta 0.3
Primary Caplet Surface Default_Correlation 0.0
Default_Volofval 1
Tolerance 15
Otm Black vol cutoff (%)

Pricing Environment | oFFICIAL

[[JRT []AutoGen []AutoSave [|AutoUpdate []AutoLload RT Src :ReutersRF.ﬁ.

| Load... |[ MNew ][ Delete. .. ][ Save ][ Save As ]

As for the remaining inputs:

e Vol Type : choose RATE.

. Currency : select the swap currency, e.g., USD.

e Index : select the appropriate swap underlying index, e.g., LIBOR-3M.
e Include Tenor Axis : not used

e  Strike Type : not used. (See however the section on SABR Points below).

e DateRoll : select as appropriate.

e Holidays : select as appropriate.

. Pricing Environment : select as appropriate.

e MDI Name Primary Caplet Surface: optional.

Lets the user select a caplet volatility surface to infer swaption SABR parameters for the corresponding
single-period swaptions; see Section Example: swaption skew from caplets, for further details.

e Vol Model : not used;

e Interpolator : not used;
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Configuration Parameters

Description

Atm interpolation mode (along expiry)

Linear Black lol [l

Linear Black variance
Linear Bp variance
Fiecewise constant alpha

Determines how at-the-money data is interpolated along expiries,
i.e., for a fixed tenor:

Linear Black vol : Black vols are linearly interpolated;

Linear Bp vol : normal vols are linearly interpolated;

Linear alpha : the SABR alpha parameter is linearly interpolated;
Linear Black variance : Black variances are linearly interpolated;
Linear Bp variance : basis-point variances are linearly interpolated;

Piecewise constant alpha : alpha is kept constant (left-continuous)
between successive expiries.

Extrapolation scheme (beta,rho,nu)

Selects a bilinear extrapolation scheme for the SABR parameters
that control the skew/smile (B,p,v) when away-from-the-money vol
guotes are not available. Default value is ‘Expiry first'.

Expiry first: extrapolate (or interpolate) along columns first; then
interpolate along rows;

Tenor first: extrapolate (or interpolate) along rows first; then
interpolate along columns;

See also Section 'On interpolation/extrapolation’ below;

BPVOL_TRANSFORMATION_METHOD
EXACT] [

AMDERSOM_RATCLIFFE_M
HAGAN_APPROX
AMDERSOMN_RATCLIFFE_LM
STREET_PROXY1
STREET_PROXY2
STREET_PROXY 3

STREET PROXY4 -

m

Controls how normal vol is converted into lognormal (Black vol) or
vice-versa during vol surface generation and volatility retrieval;

For an explanation of the algorithms, see Ref. [CAL2009]

APPROXIMATION

Selects a specific asymptotic SABR formula that yields implied
volatility in terms of SABR parameters;

HAGAN : use the Obloj correction to the Hagan et al. formula (see
Ref. [HAGAN2002])

Calibrate SABR values

True : generate will trigger full recalibration on each grid point
where skew data is available;

False : generate will re-fit the backbone only (alpha, ATM vol,
spot);

Regenerate caplet surface

True : if present, a local copy of the MDI caplet surface is
regenerated before any data is accessed.

False : the caplet surface is not regenerated. When out-of-date, a
local copy is rolled instead.
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Note: while the SABR B (CEV parameter) is kept fixed and would be specified exogenously, a calibration seeks
optimal values for the smile parameters (p,v). For given (B,p,v), the backbone parameter alpha is adjusted to
match the at-the-money volatility level. The final RMS error is calculated using thus found alpha and (B,p,V).

The remaining parameters let the user fine-tune the behaviour when ‘Calibrate SABR values® =true. They are not

referenced otherwise.

Configuration Parameters

Description

Initial-guess method

Controls how an initial point is found to initiate each calibration:

Use defaults : use the values provided as configuration parameters
Default_Beta, Default_Correlation, Default_VolofVol.

Use previous calibration : for each slice, retrieve the values that
were stored after a previous calibration run to be used as initial
guess.

Adaptive : use a guess algorithm to find an initial point near the
optimal value. If no such point can be calculated, fall back into Use
defaults mode.

Global: use a global optimisation to find an initial point near the
optimal value.

See also Section 'On (re)calibration with manual overrides’ below.

Calibration weights method

Controls what weight is assigned to each caplet or swaption when a
slice is calibrated.

Use equal calibration weights: all the caplets/swaptions have the
same weight.

Use vega-based calibration weights: the weight of each
caplet/swaption is determined according to its vega and the Vega
Weights Exponent below

Vega weights exponent

The exponent used to determine the vega-based calibration weight.

Default_Beta

A CEV exponent between 0.0 and 1.0 to be used in conjunction with
‘Initial-guess method = Use defaults’.

Note: when *Calibrate SABR values’ = ‘true’, this value must not
exceed 0.99999 or else the calibration will fail.

Default_Correlation

An initial spot-vol correlation level to be used with ‘Initial-guess
method = Use defaults’.

Default_VolofVol

An initial value for the SABR nu parameter for use with ‘Initial-guess
method = Use defaults’.

Tolerance

An integer (1:low-15:high) that heuristically indicates a tolerance at
which to stop the optimization search. A value of 8 yields acceptable
calibrations, in general.

Otm Black vol cutoff (%)

Volatility level. Away-from-the-money input volatilities will be
ignored if they exceed this value.

'98.0" means: 98%, i.e., 0.98 as a fraction.
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Configuration Parameters Description

When blank, no filter is applied and all numerical volatilities
available will be included.

This cutoff does not apply to ATM vol levels.

Underlyings

Underlyings are either ATM swaptions (struck at relative strike 0.0) or away-from-the-money swaptions (at relative
strikes different from 0.0). The swaption grid is defined as the Cartesian product of the span of all ATM expiries and
tenors, and it is assumed that all at-the-money volatilities are available as quotes.

Either a caplet surface must be set (see Section Definition above), or alternatively, at least one slice of skew data
points must be provided. A minimal slice of skew data consists of two or more away-from-the-money swaptions
with same expiry and tenor. Each of the away-from-the-money swaption (expiry,tenor) pairs is assumed to lie on
the ATM swaption grid.

SABR Points

The SABR Points panel allows the user to kick off a manual surface (re-)generation and to inspect the results. The
generation is controlled by the Configuration Parameters in the Definition panel.

== | ==

/__ VolatilitySurface3D SABR DEMO USD 5PN DER USD CLOSE LIBOR 3M User(calypso_user)(PE OFFICIAL)
Surface  Utilities Help
Mame |SABR DEMO USD SPN DER ‘cLose ~ | Date |085/23/2014 9:50:41 AM [ Current
Definition | Underlyings | Quotes| SABR Points
VOL_OF_VOL(nu) | DayCount: |ACT/365 -
4
SABR Model: 06/24/2013-10Y W|ExpDate  ExpTemor  1r ¥ 5 10Y 157 20
EER 09/23/2014 M
p30{ 06/23/2015 1 52.973378%
L] 06/23/2016 2y

o207, 06/24/2018 5y 29.977304%
028 06/24/2024 107
0.27

Z 028 \

k] \

g 0.25 .
0.24
0.23 -.'-

.'o
0.22 ~.
""--..
0.21 .
-
0.20
-0.02 -0.01 0.00 0.01 0.0z
Moneyness
|— Black equivalent volatilities @ MarketQuotes|
[ Interpolate. .. ] [ Generate

Load... ]’ New ]’ Delete... ]’ Save ]’ Save As ]

Close

The shown data sets are:

e  CORRELATION(rho) : calibrated values for rho, supplemented with saved manual entries from
previous calibrations; blank otherwise;
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e VOL_OF_VOL(nu) : calibrated values for nu, and/or saved manual entries from previous
calibrations; blank otherwise;

e ALPHA : generated values for alpha; blank when backbone interpolation happens in a
space other than ‘alpha’ space (i.c., Black/Bp vol/variance);

e BETA : generated values for beta at calibration points, supplemented with saved
manual entries from previous runs;

e SPOT : break-even forward-swap rates;

. Shift : exogenously-specified spot shift per (expiry/tenor); the shift defaults to 0 if

left blank; if non-zero, all Hagan/Obloj formulas are understood to apply in a shifted context (a.k.a.
Displaced-Diffusion), i.e., instead of f(SPOT, k), the formulas are modified to f(SPOT+shift, k+shift);

e ERR : total root-mean-square error at calibration points; blank otherwise;

. Convergence : number of iterations at calibration points, blank otherwise; a value of 0
indicates calibration failure (e.g., when initial B exceeds 0.99999);

¢ ATMVOL : at-the-money volatility, when interpolation mode is Black vol or Black
variance;

On selecting any of the grid points on the right, the corresponding volatility profile will be displayed on the left. For
display purposes, it is recommended to select Strike Type = ‘Relative Strike’ in the Definition panel.

NOTE: when setting up a new surface, the ‘Shift’ tab will not be visible; to make it visible: provide an atm grid of
underlyings + quotes, then generate a dummy surface; the shifts in ‘Shift’ tab can then be manually provided as
required.

Where desirable, each grid point in BETA, CORRELATION(rho) and VOL_OF_VOL(nu) grids can be manually
overridden and then saved down. When skew data is very sparse, this allows the user to express a view in a
parsimonious way; it will be propagated down the grid according to the interpolation scheme (see below).

The ERR and Convergence grids hold the values of the last generation run with ‘Calibrate SABR values=true’.

Note: while the number of iterations shown in Convergence tab may exceed the value of the maxIterations
parameter, this does not necessarily imply that the corresponding calibration failed. Occasionally, the search
heuristic winds up in a cycle, and while the calibration error is typically small, no further reduction of the calibration
error is possible, unless one restarts from a different initial guess. Inspection of the corresponding skew curve and
of the value in the ERR grid let the user assess whether the found ‘optimal point’ is acceptable.

On interpolation/extrapolation

As the interpolation - and likewise, extrapolation - is anisotropic in expiries, tenors and strikes, the order of
operations influences the final interpolated value.

e All extrapolations in Expiry or Tenor are flat
e Any interpolations along Tenor are linear, while those along Strike are governed by the SABR parameters.
e Expiry-interpolations in SABR skew parameters beta, rho and nu are linear.

The backbone interpolation method along the Expiry direction takes place in one of alpha, Black vol, Bp vol, Black
variance or Bp variance spaces, as set by the Configuration Parameter ‘Atm interpolation mode (along expiry)’.
Time-to-expiry is measured using the chosen day-count (SABR Points panel).

When skew data (B,p,V) is sparse, the user is offered a choice between (Expiry first, then Tenor, then Strike) and
(Tenor first, then Expiry, then Strike). This scheme is applied to each parameter grid individually. The choice
becomes relevant only in the presence of lacunarities in the respective grids.

Example 1: given 3 grid points (expiry,tenor,value) = { (1Y,2Y,0.20), (2Y,1Y,0.97), (3Y,2Y,1.2) }. What is the
value at (2Y,2Y, ??) ?

Expiry-first will interpolate between 0.20 and 1.2, yielding 0.7.

Tenor-first, however, extrapolates from 0.97, which results in 0.97.

Example 2: on the same data as Example 1, the value at (2Y, 18M, ??) is found similarly:
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Expiry-first interpolates along the tenor=2Y column, yielding 0.7; subsequently, the scheme interpolates along the
expiry=2Y row between 0.97 and 0.7; thus, a value of 0.835 is obtained.

Tenor-first extrapolates flat along the row and 0.97 is found.

In the special case where skew data comes entirely from caps only, the expiry-first extrapolation scheme reduces
to that of Hagan-Konikov [HAGAN2004].

On (re)calibration with manual overrides (*)

(*) This Section is only applicable when the configuration parameter ‘Calibrate SABR values’ = ‘true’. A few typical
use cases are provided, to illustrate the interplay of calibration configuration parametres.

Case 1: manually-set betas

To use exogenously-specified betas, instead of ‘Default_Beta’, it suffices to populate the BETA grid in the SABR
Points panel. Note that values must not exceed 0.99999 for the calibration to succeed.

The value of the ‘Initial-guess method’ parameter has no impact on betas.

Case 2: rho/nu overrides

When the user wants to supply explicit (non-calibrated) values for p or v, she can do so by providing the desired
values in the CORRELATION(rho) resp. VOL_OF_VOL(nu). This may be desirable to express a view on the smile
shape; also, in rare cases of failing slice calibration, say only the 1Y x 1Y slice fails, to manually override (p,v) may
provide relief.

To avoid that subsequent recalibrations erase these explicit values, one must set ‘Initial-guess method’ = ‘Use
previous calibration’.

Example: swaption skew from caplets

To use an existing caplet volatility surface, click in the Value column in the MDI area, and select a surface from the
Name dropdown list in the pop-up window:
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Name ‘SABR DEMO USD SPM+CAP | [CLDSE - l Date ‘06{24;’2014 | |9:58:49 AM Current

Definition | Underlyings | Quotes | S4BR Paints|

Comment |1JsD Swaption SABR - sparse 5x10 + caplet skews

T (S ————
P | (.~

Currency [usp H
Start Date |06j24f2013 | —
Index || 1BOR

Indude Value
’ Name :]  Linear Black vol
Strke Type [Relative S Index [LIEDR v] lam vl - e

+~ HAGAMN
DateRoll \MOD_FOL|  stance [CLDSE v] Date’ -] T [:] o
Holidays |pyyc R
Pricing Environment | oFFIciaL Load Cancel UVEUSE defaults

% qq Default_Caorrelation 0.3
Default_Volofyol 0.4
MDI Name Value Talerance a

Frimary Caplet Surface CAP BLACK DEMO USD 62414 9:53:3... JELLLE] 0.1
MaxIterations 500

i Mo ...l L EC Fmet

The referenced surface id will be displayed in the Value box.
Then, proceed as before, and generate a calibration grid as shown in the next Figure.

In this example, a surface with a CapBlack generator was used.
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A VolatilitySurface3D SABR DEMO USD SPM+CAP USD CLOSE LIBOR 3M User(calypso_user)(PE OFFICIAL) om0
Surface  Utilities Help

Mame |SABR DEMO USD SPN+CAP CLOSE ~ | Date |06/24/2014 9:53:49 AM [ Current

Definitian I Underlyings I Quotes| SABR Points

| DayCaunt: |AcT/360 -
4
SABR Model: 06/24/2019-1Y W |ExpDate  ExpTemor  3M ¥ 2¥ 5% 10Y 15Y 20
09/24/2014 3M 13,995299%
n4zs| | 06/24/2015 1Y 20.874081%
! 08/24/2018 2y -26,038435%
R A 08/24/2013 SY  -20.444607% -10.475446%
\ 08/24/2024 10Y  -28.361860%
0.375
£
£ 0350
=
=
0.325
0.300
0.275

002 001 0.00 0.01 0.0z
Moneyness

| Black equivalent volatiities|

’ Interpolate. .. ][ Generate

Load... ][ New ]’ Delete... ][ Save ]’ Save As ]

The caplet data causes insertion of an extra caplet-tenor column (3M, in this example), with expiries following the
ATM swaption expiries. Where necessary, e.g., when caplet and swaption expiries do not perfectly align, SABR
skew parameters (B,p,v) are interpolated linearly along expiries from individual caplet slice calibrations.
Backward compatibility mode

This generator is compatible with the SwaptionSABRDirect generator with Definition->Interpolator =
LinearInterpolator3D, and further:

e No caplet surface is referenced;

e SABR parameter grids (B,p,v) are complete; either by providing swaption skew quotes at each grid point,
or by manual insertions.

e The ATM interpolation modes Linear alpha, Linear Black vol, Linear Bp vol translate to the respective
USE_VOL_TYPE settings: USE_ALPHA_VOL_SPACE, USE_BLACK_VOL_SPACE, USE_BP_VOL_SPACE;

See Ref. [CAL-IRD] for details on SwaptionSABRDirect.

Logging

When logging is turned on and using the name of the generator as the log category, the strike, Black vol and
calibration weight is logged for every caplet/swaption and every slice calibration.
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Additional Notes
e  For caplets
o A non-zero shift is only supported for Black/Bp vol backbone/ATM interpolation
o the shift for all expiries must be the same.

e In general, we would strongly recommend the use of the same shift for caplets and swaptions as
interpolation between shifted Black vols would be non-sensical for different shifts

e The grid of expiry dates that the generator calibrates to, and stores down in the vol surface, is driven off
the swaption expiry dates. If a fit to caplets is the primary purpose then this can be achieved by

o Specifying the base caplet surface as an MDI for this generator

o Defining a vector of ATM Swaptions with expiry dates matching the caplet expiry date (e.g. every
3M) and a single underlying swap. As an example, if a SABR fit to the caplets with expiry tenors
{6M, 12M, 18M, 24M} is desired, the user can select a swap tenor — e.g. 1Y, it's not really
important - and specify the {6M x 1Y, 12M x 1Y, 18M x 1Y, 24M x 1Y} ATM swaptions as the
swaption calibration set.

References
e [HAGAN2004] Hagan, P. and Konikov, M. (2004). “Interest rate volatility cube: Construction and use”.
e [HAGAN2002] Hagan, P., Kumar, D., Lesniewski, A. and Woodward D. (2002). “*Managing Smile Risk”.
e [CAL2009] Calypso white paper (2009). “Basis point volatility”.
e [CAL-IRD] Calypso Documentation - Interest Rate Derivative Analytics
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Section 9. Inflation Market Data Generation

9.1 Inflation Curve Generator

Inflation curves are a required input for pricing inflation swaps and inflation caps/floors, this section provides an
overview of the construction techniques that are implemented in Calypso.

9.1.1 InflationKerkhof Generator

Overview

The InflationKerkhof generator should be regarded as the default generator for inflation indices and is used to
generate an inflation curve from underlying instruments using Kerkhof’s approach3. See the Calypso white paper:
‘Implementation of Kerkhof inflation curve construction’ for further information on the model description.

This documentation shows the configuration required for the InflationKerkhof generator.

Configuration
Rate index definition:

Define the inflation index: Main Entry > Configuration > Interest Rates > Rate index Definitions. See Calypso
documentation for further information on the various configuration details of the inflation rate index.

P Rate Index Window [120100/Release/] (User: calypso_user)

Rate Definition | Tenors

Index |RPI v|[ Add ] Currency|GBP v|

Day Count Sources |T3?50 |E] [ Add ]
Date Raoll Time Zone |Eur0pe,|’L0ndon v | Hour| 11 |
Petiod Rule Publish Freq
Default Source Reference Day Publication Lag
Pay Hol E Publication Hol E
e )

[#¥Pay Bus Lag [¥Pay In Arrears [¥Reset Bus Lag [(Reset In Arrears

Compound Freq Cale Mbd | Interpolated v Interp Mtd | weighted v
Index Type | Inflation v E Rate rounding | NONE v

v[io Auto, Interp, uote Type |Price v arse
[F 1o futo, Int Quote Type | Pri k.
Commernk Farmula
Currency | Code DayCount  DateRoll Sources Reset Holidays ~ ResetDays |~ ResetB...  Time Zone Res

GEP LPIO_3 11 MO_CHAMGE  |Reuters LM el : GMT -
EF LPI3 11 MO_CHANGE  [T3750 LM a0 []  |Furope/London 0
EF LPIS 11 MO_CHANGE  [T3750 LM a0 []  |Furope/London B
EF LPI_IMF 11 T3750 LM a0 []  |Furope/London

111 L Europe/London v
= = = I —— = : ——
’ Load ] ’ Save ] ’ Save As New ] ’ Mew ] ’ Delete ]
’ Average ... ] ’ Attributes ] ’ Show Pending Modifications ]

[ Help ] [ Close ]

3 Inflation Derivatives Explained, J. Kerkhof, Lehman Brothers, July 2005
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-Note the InflationKerkhof generator supports both interpolated (weighted) and non interpolated (Index Level)

inflation indicies.

In the attributes section of the rate index definition, for each inflation index to be constructed via the
InflationKerkhof generator, it is important the index calculator is set to InflationKerkhof

z Rate Index Attributes Window

X

Marme
BEAShiFtCalendar

Yalue

EBAShiFtDateRoll

-

CMT_BOND_COUPON

CMT_BOND_NAME

Coupon_Frg

DailvIndexCalculator

Excl_intrp_tnr_list

L tar
RATI

GenerateRateChange

DE:_CODE.H1S

RATE_INDEX_CODE,T3750

SpatDateCalculakar

SpotDateCalculatorForSource -
To———

>

|

Refresh ] [ Clearall I [

Cancel

Inflation Curve definition:

On the inflation curve (Main Entry > Market data > Interest Rate Curves > Inflation Curve) select the generator

InflationKerhof. This is a derived generator, i.e. generate from instruments should be set to true:

I Curve Inflation (User: calypso_user)

The underlying instruments that are available to construct the curve are zero coupon inflation swaps and MM
(levels) for the selected inflation index. The user has the ability to select MM instruments up to the tenor of the
first ZC inflation swap selected. This allows the user to control the specific level of the inflation curve at the front
end of the curve by entering assumed inflation levels at defined tenors. (The typical use would be to use ZC

inflation swaps only).

Curve  Utilities  Help
Mame |GEP_Inflation_RPI_Kerkhof | |CLOSE v|  Date 2sjnifz011 | 1226014 | [Furrent
Definition | Underlyings | Quates | Paints | Graph
Currency w |RP1 v| Base Date |01/02/2011 |
Holidays |nvc [-]
BaseCurve| |E]’ Show., .. l[ Update ]’ Clear ]
Generation Alg |InFIatiDnIndexKerkhnF A |E] [¥] Generate from instruments
Interpolator |Interp0lat0rFIatF0rward V|E]
Pricing Env |deFault v|
Paramneter Walue
Annual Seasonality |~
January -1.30
February Z.07
tMarch 314
April 0.31
May 042w
MDI Mame Walue Show, . l [ Update
Seasonality
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The user can select the instrument type from the drop down menu, a list of instruments available from the curve
underlying’s definition will be shown on the left hand panel. The curve underlying’s used to construct the curve can
then be selected by moving the instrument to the right hand panel using the arrows buttons available.

Note the precise details of the curve underlying’s can be modified via ‘New/Edit underlying’. Ensure the correct
definition of curve underlying’s before constructing the inflation curve.

P Curve Inflation (User: calypso_user) |_ E|E|

Curve  Utlities  Help

Name |GEP_Inflation_RPI_Kerkhof | | CLOSE v|  Date 28/1/2011 1226014 | [Kurrent

Definition | Underlyings |Quu:utes Paints | iaraph

Instrument Twpe ’ Mewy/Edit Underlving l

d Descripkion : Description Include
SwapfGEPS 1Y R
Swap/G f f

SwapjGER 3T RPLIOD TA750/1Y

SwapGER Y /RPT/OD, T3750/1Y

SwapGERSY/RPLIOD T3750/1Y

SwapGERTY /RPL/OD T3750/1Y

SwapjGERLO0Y/RPLODITI750/ 1Y
SwapGER] 12y /RPTJODY TA7S0/ 1Y
SwapGER15Y/RPLOD TA750/ 1Y
SwapGERJ20Y/RPTJODY TA7S0/ 1Y
SwapGER 25y /RPLOD TA750/ 1Y
SwapGER}S0Y/RPTJODY TS7S0/ 1Y
SwapjGER} 35 Y/ RPLOD TA750/ 1Y
SwapGER 40T /RPTODY TS750/ 1Y
SwapGER45Y/RPOD TA7S0/ 1Y
SwapGERSOY/RPTODITATS0/ 1Y

EEIEEEEEEEEEEEE

After the required curve underlying’s are selected and quotes entered, click generate on the point tab. The
generated curve points are displayed and shown as reference levels and dates. Note the published inflation levels
for the index should also be added to the quote set. If the required inflation levels are not saved to the database a
warning message will be displayed.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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P Curve Inflation (User: calypso_user) |_ 'E| E|
Curve  Utlities  Help
Name |GEF_Inflation_RPI_Kerkhof || CLOSE v | Date 28/01j2011 |12:26:14 | [Jourrent
Cefinition | Undetlyings | Quotes | Points | iaraph
Date Offset Bid Mlid Ak, Inde:x Month Seasonality Factor

I:I 25/0212011 28 92,000000) 92.000000( 92,000000 Dec-10 1.0000000

2af01f2012 365 91.910000 91910000, 91.910000 Mow-11 1.0000000

28/01)2013 731 92.847483| 92847453 92.8474583 Maw-12 1.0000000

25101)2014 1,096 93.813099 93.813099 93.513099 Mow-13 1.0000000

28/01)2015 1,461 94.807524| 94807524 94.807524 Maw-14 1.0000000

28/01/2016 1,826| 95.831455| 95.831455) 95.831455 Mow-15 1.0000000

Interpolate. .. 26/01/2015 2,557 97002014 97902914 97902914 Mav-17 1.0000000

28/01/2021 3,653 101.119364| 101.119364) 101.119364 More-20 1.0000000

28012023 4,383 103.397153] 103397153 103.397153 Maoy-22 1.0000000

| 11 ~ ‘ 28/01f2026 5,479 106.910354| 106910354 106.910354 Mow-25 1.0000000

|5F\ v‘ 28012031 7,303 1135033015 1130353018 113.033015 Mare-30 10000000

28/01/2036 9,131| 119.6245340| 119.624540) 119.624540 Maw-33 1. 0000000

28/01)2041 10,955| 126,725702) 126.725702| 126725702 Mare-40 10000000

28101/2046 12,7894 134351203 134.351203| 134.381203 Mow-43 1. 0000000

28012051 14,610 142.640116| 142.640116( 142.640116 Ma-50 1.0000000

Generate 25101/2056 16,436) 151.556341| 151.556341| 151.556341 Maw-53 1. 0000000

28012061 15,263 161.159129| 161,189129 Ma-60 1.0000000

Seasonality adjustments to the inflation curve can be handled by two methods; both are selected on the definitions
tab on inflation curve

1. Monthly adjustment (Enter annualized adjustments)
2. Seasonality curve market data item (MDI)

The seasonality curve defined via in the separate MDI takes precedence.

For method 1, monthly adjustments, set the ‘Annual Seasonality’ Boolean flag to true and define adjustment on the
curve window. Adjustment will be applied by month for every year that is constructed.

For method 2, Seasonality curve market data item, select the seasonality curve on the UI then generate the
inflation curve as required.

The seasonality adjustments required for the Kerkhof methodology implemented in Calypso are an additive
adjustments i.e. the monthly annualized adjustments for a 1 year period add up to 0. See the Calypso user
documentation on how to define a seasonality curve.

References
Inflation Derivatives Explained, J. Kerkhof, Lehman Brothers, July 2005

9.1.2 InflationBRL Generator

Overview

This documentation shows the configuration required for the InflationBRL generator.
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Configuration

Rate index definition:Define the inflation index: Main Entry > Configuration > Interest Rates > Rate
index Definitions. See Calypso documentation for further information on the various configuration
details of the inflation rate index.

:Eg

g
‘4 Rate Index Window [130100/FastTrack/]

Rate Definition | Tenors

Index |IGPM

Compound Freqg |pon

Index Type | Inflation

- Currency |BRL

Cale Mtd | Indextevel

| E Rate rounding | NONE

Price

-

Day Count :BU.{ZSZ v: Sources | T3750,58A E]
Date Roll | NO_CHAMNGE - Time Zone | NOME - Hour |11
Period Rule | ADIUSTED - Publish Freq | MTH =
Default Source :T3750 v: Reference Day |28 | Publication Lag 0

Pay Hol NYC E] Publication Hal |LON E]
Pay Days |0 Index Lag |1 D v
Pay Bus Lag Pay In Arrears Reset Bus Lag [ Reset In Arrears

Interp Mtd | Weighted

) (pse ) ]

[ Mo Auto. Interp. Quote Type
| Comment Formula
Currency  Code DayCount  DateRoll Sources ResetHolidays ResetDays ResetBuslag Time
AUD BBSW ACT/365 MOD_SUCC BESW SYD 1) Z AustT .
ERL ANDIMA BL/252 MO_CHAMGE  [T3750,BBA LON 1 ¥ o
BRL CDI BLIj252 FOLLOWING [T3750,BBA LOMN 2 Z
BRL [GPm— |Bujesz NO_CHANGE  T3750,BBA LON 1
ICAD LIBOR ACT/360 FOLLOWING [T3750,BBA LOM 2 z
ICHF LIBOR ACT/360 FOLLOWING [T3750 LOMN 2 Z
DEM ELURIBOR. ACT/360 FOLLOWING  [T3750 EUR 2 [¥] b

<

1

3

Reference Dates and Publication Dates can be manually put in. They should be the same because the publication

lag is 0.
i B
| £ Publications Dates — ﬁ
Currency .ERL ,' Rate Index IIGPM ,'
Publish Freq |MTH Reference Da |23 Publication Lag |g
From 01/01/2007 Reference Date Publication Date
27/04/2012 27/04/2012 o~
Ta 01012008 30/05/2012 30/05/2012 =
23/06/2012 23/05/2012
30/07/2012 30/07/2012
’ E—— ] 30/08/2012 30/08/2012
27/09/2012 27/09/2012 |
30/10/2012 30/10/2012 |
29/11/2012 29/11/2012 57 ‘l
’ Load ] ’ Save ” Remove ” Clear all l ’ Close ]

-IGPM Index could support Pro-Rata and non Pro-Rata. In the Pro-rata case, IGPM index will also be linked to
another dummy index which is used to save andima rates in the quotes.
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In the attributes section of the rate index definition, for each inflation index to be constructed via the

InflationKerkhof generator, it is important the index calculator is set to InflationKerkhof

-
‘4 Rate Index Attributes Window

- -

===

Mame
BEAShiftCalendar

Value

BEAShiftDateRoll

CMT_BOND_COUPON

CMT_BOND_NAME

Coupon_Frg

DailyIndexCalculator

Exd_intrp_trr_list

GenerateRateChange

IndexCalculator

InflationIndexkerkhof

RATE_INDEX_CODE.H15

RATE_INDEX_CODE.T3750

SpotDateCaloulator

SpotDateCalculatorForSource

UNDERLYING_RATE_INDEX_NAME

UNDERLYING_RATE_INDEX_TENCR

IUse_Pmt_Hols_for_Curve_Gen

IUse_Pmt_Hols_for_Fwd_End_Dt

VariationIndex

AMDIMA

apply || Refresh || Cleary [
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-
_A Rate Index Window [130100/FastTrack/] i 0 =] B ]
Rate Definition | Tenors
Index ’ANDIMA v] | add | curency [BRL v]
Day Count ’BUJ’ZEZ '] Sources |T3750;BBA |E
Date Roll |NO_CHANGE - Time Zone | NONE - Hour
Period Rule | ADIUSTED - Publish Freq |DLY -
Default Source ’TS?’EU - ] Publish Date Rule | |E
Pay Hol |NYC | E Reset Hol |LON |E
Pay Days |U | Reset Days |1 |
Pay Bus Lag Pay In Arrears Reset Bus Lag Reset In Arrears
Compound Freg [NON vl
Index Type ’Interest v] E Rate rounding lNDNE ']
No Auto. Interp. Quote Type I‘ﬁeld - H Parse ] E
Comment Formula
Currency  Code DayCount  DateRoll Sources ResetHolidays ResetDays FResetBuslag Time
ALD BESW ACT /365 MOD_SUCC EBESW SYD a Austr
NODIMA BU/252 ( T3750,BBA 1 =
BRL CDIL BU/252 FOLLOWING [T3750,BBA LOM 2
ERL IGPM BlJ 252 MNO_CHAMGE  [T3750,BBA LOM 1]
CAD LIBOR. ACT /360 FOLLOWING [T3750,BBA LOM 2
CHF LIEOR ACT/380 FOLLOWING [T3750 LOM 2
DEM EURIBOR ACT /380 FOLLOWING [T3750 ELR 2 -
4| m | 3
[ Load | Save | | saveastew | | New | [ e ]
I Average ... l I Attributes ] [] Authorization ’ Show Pending Modifications ]
| bep [[ cose |

IGPM index and ANDIMA index should have the same tenors 0D so they will be linked.
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r
_A Rate Index Window [130100/FastTrack/] S i

Rate Definition | Tenors

DateRoll |FOLLOWING -

Follow end-end maturity convention

Tenor
Source |T3750

DayCount |BU/252

FOLLO

(| Currency Code Tenaor — Source DayCount DateRall End/End
USD FEDFUNDS 10 T120 ACTB/ACTB FOLLOWING f -
UsD PRIME 10 H15 ACT/360 FOLLOWING ]
USD PRIME 10 BETC ACT/360 FOLLOWING f
UsD PRIME 10 CITI ACT/360 FOLLOWING [
USD PRIME 10 JPM ACT/360 FOLLOWING E
USD CP 15D T133 ACT/360 FOLLOWING [l
USD CMCDS 10v [T3750 ACT/360 FOLLOWING E
USD CMS 107 ISDA ACT/360 MOD_FOLLOW [l
USD CMT 10v ISDA ACT/360 MOD_FOLLOW E
ARS ANDIMA (8] [T3750 BL/252 FOLLOWING [l
ARS IGPM oD T3750 BLI/252 FOLLOWING E
BRL AMNDIMA oD [T3750 BU/252 FOLLOWING [

WING

Save Multiple Tenors ... ]

[ mep  [[ clos

|
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-Note the InflationBRL generator supports both interpolated (weighted) and non interpolated (Index Level) inflation

indicies.

Inflation Curve definition:

On the inflation curve (Main Entry > Market data > Interest Rate Curves > Inflation Curve) select the generator
InflationBRL. This is a derived generator, i.e. generate from instruments should be set to true:
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A Curve Inflation = | B S|
Curve Utilities Help
Name |Bovespa Data ‘cLose |  Date 14/08/2012 10:00:00 [[] Current
Definition | Underlyings | Quotes | Points | Graph‘
Currency |BRL ~  IGPM v: Base Date |30/07/2012
Holidays [
Base Curve [=) [ show.. | [ Update |[ clear
Generation Alg | InflationBRL v [[] [ Generate from instruments
Interpolator | InterpolatorLinear - B
Pricing Env | default -
Parameter Value
Use Pro-rata | NONE
Forecast Quote Max Lag [ 15
Comment
[ Load ... l [ New l [ Delete ... ] [ Save ] [ Save As .. ]

L

The underlying instruments that are available to construct the curve are basis swaps for the selected inflation

index.

The user can select the instrument type from the drop down menu, a list of instruments available from the curve
underlying’s definition will be shown on the left hand panel. The curve underlying’s used to construct the curve can
then be selected by moving the instrument to the right hand panel using the arrows buttons available.

Note the precise details of the curve underlying’s can be modified via ‘New/Edit underlying’. Ensure the correct
definition of curve underlying’s before constructing the inflation curve.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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S = = DE'E;‘

-
_4 Curve Underlying Window > - -
| Future Equity Index | Future Commodi Commeodity Fwd Poin i ead | Commedity Spot | Commodity Spread | Commodity Swap | Basis Two Swap | FX Future
Cash I Future I Bond Future I FRA | Spread | Swap | Turn Rate | Basis Swap | Bond | Generic CDS | CDS | CDS Index | FX Fwd Tenor | FX Fwd Fixed | Equity Index | ETO
Currency  |BRL Maturity |2 M - Basis Ccy | BRL -
|| SpecficDates  Spec Start Date Spec End Date
[ Actual Exch. FX Adj. on | NCNE FX Rate reset
.Spread - lon .Basis = Mutiplicative Spread
Base Side ~Basis Side
COI - | 1D * | T3750 - IGPM - 0D - | T3750 - l
cmp  [DLY v | Flat 7] cmp Ml
Cmp Stub. |NONE =
Manual 1st Reset 2,Bus NONE Manual 1st Reset -1,Bus NONE
Check 1st Reset Chedk 1st Reset
DateRoll | MOD_FOLLOW | Lag0 DateRol |MOD_FOLLOW | Llagl
Holidays E] Holidays E]
Freq ZC « Disc EXP - Freg i  |Disc |EXP -
RUe  |ADIUSTED v | Bups2 Rule  |ADIUSTED - | Bujzs2
Stub [NONE v |[] Interp|  |Stub INONE « ] nterp
Reset Timing END_PER. - Reset Timing END_PER -
W Averaging Reset  [] Averaging Reset  []
i Avg Freq. DLY Equal Ava Freq. DLY Equal
[] start Lag MNOMNE
d Currency Base Basis Maturity Basis Ccy
cuuL unL o war U L unL
Load " MNew ” Delete ” Save ” Save as New ] Id 2501
Currency |BRL - [ Help ] [ Close ]
L = _— = - _ — —— - >

Before generating, a zero curve should be assigned to the index on the base side of the underlyings for
discounting. In the example above a discount curve should be assigned to index BRL/CDI/1D/T3750.

After the required curve underlying’s are selected and quotes entered, click generate on the point tab. The
generated curve points are displayed and shown as reference levels and dates. Note the published inflation levels
for the index should also be added to the quote set. If the required inflation levels are not saved to the database a

warning message will be displayed.
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i 2 B
A Curve Inflation o] B

Curve  Utilities Help

Mame |Bovespa Data cLosE - | Date |14/08/2012 10:00:00 [ Current

Definition | Underlyings | Quntes| Points | Graphl

Bid »> Ask Bid « <« Ask
Date Offset  Bid Mid Ask Break Even Bid  Break Even Mid

14/08/2012 0| 454,8391000| 494,891000( 494,891000 0,000000 0,000000
31/08/2012 17| 498,156005| 498,156005| 498, 156005 -5,680000 -5,680000
28/09/2012 45 501.062915| 501.062915| 501.062915 -2.400000 -2,400000
31/10/2012 78| 503.003792| 503.003792| 503.003792 -0.320000 -0,320000
T 30/11/2012 108| 504.568925) 504.668925) 504.668925 0.630000 0.630000
28/12/2012 136| 505.871011| 505.8371011| 505.871011 1.120000 1.120000
Interpalate. .. 31/01/2013 170| 506.939591( 506.939591| 506.939591 1. 730000 1730000
28/02/2013 198| 506.944056( 506.944056| 506.944056 2.440000 2.440000
-EUIZEZ - 1 23/03/2013 226| 506.625859| 506.525859| 506.625859 3.080000 3.080000
L . 30,/04/2013 259| 507.244218| 507.244218| 507.244218 3.300000 3.300000
IZC - ] 30/05/2013 289| 508.086912| 508.0856912| 505.0850912 3.400000 3.400000
. . 28/06/2013 318| 509.494943| 509.494943| 509.494343 3.400000 3.400000
4 1 | }

[ Load ... ] l Mew ] [ Delete ... ] [ Save ] [Save.ﬁ.s...
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Section 10. Equity Market Data Generation
10.1 Dupire Local Volatility

Overview

A Dupire Local Volatility model extends the Black model assumption of a constant volatility by making the volatility
of the underlying dependent on both time and the level of the underlying and in a way that, by construction,
reproduces the input vanilla option prices:

% = u,dt +o(S,,t)dW,

t

This allows the valuation of simple equity derivative exotics without any built-in discrepancy to the liquid vanilla
derivatives that are normally used as hedges. Such a model is particularly applicable to single- and multi-name
derivatives whose primary dependence is on the (joint) distribution of the reference underlying assets such as
Barriers, Asians and Best-Of.

The implied volatility surface for each underlying asset is fitted using a smooth parameterization that has sufficient

versatility to fit the market whilst avoiding arbitrage in the wings.

| A VolatilitySurface3D SPX.Vol.SVI USD CLOSE LIBOR 0D User(calypso_user)(PE default) Q@@
Surface  Utilities  Help

Name ‘SPX.VOI.SVI ‘ ‘CLOSE v‘ Date | 16/11/2009 | ‘ 13:21:36 ‘ [Kcurrent

Definition | Offsets | SVI parameters |

] Paints” ~ PDF /" A Local vol

Probability Density Function Local volatility
— 1.50
0.0100 N 125
2 ; g 1.00
z =0
£ 0.0075 E s
® 3
'S 0.0050 SRR
o 0.25
ganze b 600 700 800 900 1000 1100 1200 1,300
g . Strilke
250 500 750 1000 1250 1500 1,750 200C| Dpata ¥
Strike
/"~ Implied vol
Data ¥
Implied volatility
/"~ Implied variance
06
Implied Variance vs Log-moneyness
=
0.25 £ o5
@ 5
(] 0.20 =] 0.4
= =
¢>“g‘ 0.15 = 2
B 0.10 > o g 3
=% — =
Eopos{ ——— 02
e ———— —
T o e e 600 700 8O0 900 1,000 1400 1200 1300
Log-moneyness Strike
Data ¥ Data 2 |
= J
[ Load... ] [ MNew J [ Delete. .. J [ Save ] [ Save As ]

The local volatility surface is then computed from the implied volatility surface and the prevailing interest rate and
dividend curves such that all the vanilla option prices are reconstructed.
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As an example, the value of a short-dated, ATM Put Option on the S&P with an Up-And-Out Barrier under Black
(using the ATM volatility) and Local Volatility can be rather different between the two models:

Barrier Level | Black Price | Local Vol | Relative

(Spot=1093) Price Error
5000 57.24 57.43 0.3%
1500 50.56 57.12 11.5%
1350 31.54 50.80 37.9%
1200 3.99 6.30 36.7%

Valuation in a single framework

Unlike valuing exotics in a Black model where each instrument requires its own, sometimes manufactured, Black
volatility, the Local Volatility model allows the valuation of all simple exotics in a single, easy-to-understand, model
framework.

The valuation is performed in the Calypso® Equity Structured Option window where the user can use a saved
implied volatility surface to value a Vanilla, Barrier or Asian option.

A number of transient parameters allow the override of various valuation inputs such as the spot level of the
underlying, the borrowing spread, the dividend yield and the discount rate as well as the accuracy level required.

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved
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Trade Back Office  EquityStructuredOption  Cashflows — Analytics  Pricing Ene Market Data  View  Utilities  Help
Trade | Details | Fees | Cashfiows | Resets| A
Cpty | NONE | [ ] counterparty nonE Biook |Global v|
Template |NONE v| Status | YERIFIED |Trade |ID v| 1264 |
Trade Configuration ‘anilla Parameters
Payout ‘anilla Type Call
Action BLY Strike 00
Performance Based ] Exercise Style European
Quantity 1 Fixing Based O
Motional [=) Creerwrite Fixing
Effective 16/11}2009 Fixing
Expiration Date 29/03/2010
Price i) Tulki Currency
Premium Settlement Currency  1USD
Currency st
Pay Date 16/11}2009 Digital
: - Digital Mo
Underlying Details Digital Amount
Underlying
Type Asian and Lookback
Currency
Spok
Descripkion 5 )
Product Info e
UP and oUT |Level: 1200.0, Na rebate |
ek Pemment DOWH and OUT |Level: 800.0, Na rebate |
Payment in Cash
Date Lag 0D Bus NYC FOL
Date 29/03{2010 "
MarketData | Pricer Params| Results | b
=] PRICE DELTA EAMMA THETA
Trads results | 66.40199| -5.06475 -0.75 0.86345
‘al Date Pricing En | default n
v
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10.1.1 SVISimple generator

Configuration of Generator SVISimple

Description of the required configuration of the SVISimple generator in the volatility surface window

Definition tab Description
Currency The currency of the underlying
Vol Type The type of the underlying asset (e.g. EQUITY for SPX)
Product The underlying product
DateRoll, Holidays The volatility surface conventions used
Pricing Env The pricing environment used to save the surface
Interpolator Generally, the surface interpolation method. Not used here.
Generator The name of the underlying generator. For SVI use SVISimple

The relevant option expiry dates are specified in the Offsets tab. One or more strikes should be specified for
graphing purposes at the next tab, SVI Parameters, where the SVI parameters can be set up. For more
information about the SVI parameterization and the effect the various parameters have on the volatility smile
please refer to the book "The Volatility Surface: A Practitioner’s Guide” by Jim Gatheral.

10.1.2 SVI generator

The SVI generator is a derived generator, calibrating the SVI parameters against options (OTC, ETO, Warrants)
quotes in terms of volatilities or prices using either a quasi-explicit method or a good initial guess combined with a
Levenberg-Marquardt local minimizer.

It also supports all the various scenarios shifts, with the ability to eventually recalibrate after shift or not.

It can be used with the standard Calypso Black-Scholes pricers as well as the Local volatility pricers
PricerLocalVolatility 1FFiniteDifference and PricerLocalVolatilityNFMonteCarloExotic.

Much more details can be found in the corresponding whitepaper.

Generator parameters:

Name Default Description

Solver QuasiExplicit Solver used to find the best fit, alternatives are "LM" and
"LM2" corresponding to Levenberg-Marquardt with numeric
or analytic jacobian. "QuasiExplicit" reduces the problem to
a 2 variables optimization, and is seen as more robust.

InitialGuessType A_POSITIVE Initial guess for the local LM and LM2 solvers or constraint
for QuasiExplicit.

ArbitragePreCheck FALSE Convexity check of the implied volatility input quotes.

ArbitragePostCheck FALSE Numerical search for calendar spread and butterfly spread
arbitrage in the output surface.

MonotonicFilter NONE SIMPLE will keep the total variance increasing on the current
maturity input quotes compared to the previous maturity
SVI fit, reducing the risk of calendar-spread arbitrages in
practice.

SIGMA_INCREASING will keep the sigma increasing with the
time to maturity: the volatility surface will flatten with the
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Name Default Description

time to maturity. This works only with the QuasiExplicit
solver.

RecalibrateOnShift FALSE Recalibrate the surface after a shift of the (fitted) volatility
surface through the scenario.

Repair SEARCH Repair a broken local volatility surface. SEARCH will search
for a defined local volatility towards the moneyness and stop
at the moneyness, it will then revert to CAP_FLOOR.
CAP_FLOOR will use the Cap value if there is a butterfly
spread arbitrage, it will use the Floor value if there is a
calendar spread arbitrage. If Cap and Floor are blank,
nothing is done.

Cap 10.0 Cap for the local volatility. If blank, no cap is applied.
Floor 1E-6 Floor for the local volatility. If blank, no floor is applied.
CorrelationSwing 1.0 Floating point number describing the stickiness dynamic for

the volatility surface: 1.0 corresponds to sticky forward
moneyness, 0.0 to sticky strike, -1.0 is usually close to local
volatility stickiness

10.1.3 Spline generator

The Spline generator is a derived generator, interpolating options (OTC, ETO, Warrants) quotes defined in terms of
volatilities or prices. It supports a strike axis in terms of absolute strike, relative strike (moneyness), as well as
delta.

Each volatility slice is interpolated with a natural cubic spline, with flat extrapolation. In between slices, volatility is
interpolated linearly in total variance.

It can be used with the standard Calypso Black-Scholes pricers as well as the local volatility pricers
PricerLocalVolatility 1FFiniteDifference and PricerLocalVolatilityNFMonteCarloExotic.

10.1.4 SABRSimple generator

The SABRSimple generator allows the user to define SABR parameters per given option expiries.

It can be used with the Calypso local volatility pricers PricerLocalVolatility 1FFiniteDifference and
PricerLocalVolatilityNFMonteCarloExotic as well as with the equity Black1F/BlackNF pricers.

10.2 Heston

The Heston stochastic volatility model extends the original Black & Scholes model by making the variance of the
underlying asset stochastic, thereby the differential equation for the evolution of the underlying

%:Mdu\/n—tdwﬁ

t

is complemented by another differential equation that describes the evolution of its instantaneous variance

dn, = K(H -1, )dt + G\/ﬂ—tthz
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with the correlation between the underlying asset and its variance specified as
1 2
d(W!W?2) = pdt

10.2.1 HestonSimple generator

The setup of the Heston generator is very similar to the SVISimple one. The model parameters are specified for
each option expiry date and are used by the Monte Carlo simulation in a piecewise-constant fashion.

10.2.2 SVJ generator

The SVJ] generator is a derived generator, calibrating the stochastic volatility parameters against options (OTC,
ETO, Warrants) quotes in terms of volatilities or prices for Heston, Schobel-Zhu, Bates (Heston with jumps), and
Double-Heston. The model parameters define the full surface as per the standard definition, in particular, they are
not piecewise constant per expiry.

It can be used in “"Black-Scholes” mode with the existing Black-Scholes Calypso equity pricers, or with the exotic
Monte-Carlo pricer PricerSVIMonteCarloExotic.

More details can be found in the corresponding whitepaper.
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Section 11. Appendix

11.1 Registering Functionality - CALIB

The following tables describe the content from SchemaDataLGMM.xml file, therefore manual configuration of the

analytics can be performed if required.

11.1.1 Add LGM Pricers to Product Types
Product Pricer Name Description
Bond.Pricer PricerLGMM1FBackward | LGMM1F pricer for backward pricing deals
Bond.Pricer PricerLGMM1FForward LGMM1F pricer for forward pricing deals
Bond.Pricer PricerLGMM1FSaliTree LGMM1F pricer for bonds
CapFloor.Pricer PricerLGMM1FBackward | LGMM1F pricer for backward pricing deals
CapFloor.Pricer PricerLGMM1FForward LGMM1F pricer for forward pricing deals
SingleSwaplLeg.Pricer | PricerLGMM1FBackward | LGMM1F pricer for backward pricing deals
SingleSwaplLeg.Pricer | PricerLGMM1FForward LGMM1F pricer for forward pricing deals
Swap.Pricer PricerLGMM1FBackward | LGMMI1F pricer for backward pricing deals
Swap.Pricer PricerLGMM1FForward LGMM1F pricer for forward pricing deals
Swap.Pricer PricerSwapLGMM1F LGMMA1F pricer for swaps
Swaption.Pricer PricerLGMM1FBackward | LGMM1F pricer for backward pricing deals
Swaption.Pricer PricerSwaptionLGMM1F | LGMM1F pricer for swaptions

11.1.2

LGM Pricer Domain Values
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Domain name

Domain value

Description

VolSurface.gensim
ple

LGMMMeanRev

Generator adds an additional point adjustment surface to store a
matrix of mean reversion values for the LGMM model

volUsages CALIB_SWAPTION_ | Defines the volatility surface containing the swaption template used
TEMPLATE to generate calibration swaptions.
volUsages CALIB_SWAPTION_

VOL

CustomCalibration

FrameConfig

AnalyticsFrameConf
ig

CustomCalibration

MeasureConfig

AnalyticsCalibration
MeasureConfig

calibratibleModels

AnalyticsCalibratibl

eLGMModel
calibrators LGMCalibratorFrom
Template
11.1.3 LGM Pricer Measures
Ir“ll:;seure Measure Class Name Measure ID Measure Comment
DETAILED_DA | tk.pricer.measure.CalypsoM | 250
TA appedPricerMeasure
DISCOUNT_FA | tk.pricer.measure.CalypsoM | 287
CTOR appedPricerMeasure
MC_GRAPH tk.pricer.measure.CalypsoM | 279
appedPricerMeasure
NET_VOLATILI | tk.pricer.measure.CalypsoM | 259
TY appedPricerMeasure
NPV_CANCEL tk.pricer.measure.CalypsoM | 321
appedPricerMeasure
NPV_UNDERLY | tk.pricer.measure.CalypsoM | 253
ING appedPricerMeasure
REALIZED_VO | tk.pricer.measure.CalypsoM | 260
LATILITY appedPricerMeasure
LGMM_MEANR | tk.pricer.measure.LGMMPri 275
EV_SCEN cerMeasure
LGMM_BESTFI | tk.pricer.measure.LGMMPri 270 Graphs the best-fit error function
T_ERROR cerMeasure
VALUATION_T | tk.pricer.measure.Analytics | 294
IME_MS PricerMeasure
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CALIBRATION tk.pricer.measure.Analytics | 295
_TIME_MS PricerMeasure
NPV_CANCEL tk.pricer.measure.CalypsoM | 321
appedPricerMeasure
PAY_PROJECT | tk.pricer.measure.LGMMPri 28000 Computes model based estimates of future
ED_FLOWS cerMeasure cashflows on the pay leg
REC_PROJECT | tk.pricer.measure.LGMMPri 28001 Computes model based estimates of future
ED_FLOWS cerMeasure cashflows on the receive leg
GRID_EVENTF | tk.pricer.measure.LGMMPri 28002 Shows a detailed low-level description of the

LOWS

cerMeasure

events on the evaluation grid of the valuation
scheme

11.1.4

LGM Pricer Parameters




Pricing

Parameter . Global Display Default
:arameter Type Parameter Domain Parameter Comment variable | Name Value
ame
MAX_DAY_SPA | java.lang.Integ Maximum number of days between time No MAX_DAY 30
CING er splices in the lattice _SPACING
LGMM_CALIB_ java.lang.Integ No LGMM_CA 7
MIN_CALENDA er LIB_MIN_
R_DAYS CALENDAR
_DAYS
LGMM_CALIBR java.lang.Bool true,false If set to true it will calibrate to OTM No LGMM_CA False
ATE_TO_OTM_ | ean options when valuing regular (with no LIBRATE_
OPTIONS variation in the notional or coupon) TO_OTM_
Bermudan options. OPTIONS
LGMM_ADJUST | java.lang.Bool true,false If set to true, a flat forward No LGMM_AD | False
_FOR_MIDFLO ean approximation is used JUST_FOR
W_EXERCISE _MIDFLO
W_EXERCI
SE
LGMM_CALIBR | java.lang.Bool true,false if set to true, it calibrates to vanilla No LGMM_CA | False
ATE_TO_STD_ ean swaptions as specified by the point LIBRATE_
OPTIONS underlying swap on the volatility surface TO_STD_
used. OPTIONS
CALIBRATION_ | java.lang.Strin | BLACK_VOL, BP_VOL The volatility model used when No CALIBRATI | BLACK_
VOL_TYPE g calibrating the model. ON_VOL_T | VOL
YPE
SWAP_REPLICA | java.lang.Strin | swap_rate_offset, Defines swap replication method — No SWAP_RE swap_ra
TION_METHOD 9 Over|ap_negative_weights methodology described below. ELIS'EA_II{'% te_offse
D t
LGMM_CALIB_ | java.lang.Strin Swaption template used to define No CALIB_SW
SWAPTION g calibration instruments APTION
LGMM_CALIB_ java.lang.Integ Minimum spacing between calibration No CALIB_SP 30
SPACING er instruments ACING

© 2010-2024 | Calypso Confidential - Copyright © Calypso Technology, Inc. All Rights Reserved




Nasdaq Calypso Analytics Library

159

LGMM_CALIBR java.lang.Strin | CORE_SWAPTION,CORE_AND_SHORT_S Controls which instruments are used in No CALIBRATI | CORE_S
ATION_INSTRU | g WAPTION,CORE_SWAPTION_ATM,CORE_ | auto-calibration ON_INSTR | WAPTIO
MENTS AND_SHORT_SWAPTION_ATM UMENTS N
LGMM_CALIBR java.lang.Strin | EXACT_STEP_SIGMA,BEST_FIT_LM,APPR | Controls how the model is parameterised No CALIBRATI | EXACT_
ATION_SCHEM g OX_STEP_SIGMA and the scheme for calibration ON_SCHE STEP_SI
E ME GMA
LGMM_CONTRO | java.lang.Bool true, false Use a European option as a control No CONTROL True
L_VARIATE ean variate _VARIATE
LGMM_LATTICE | java.lang.Integ Number of vertical nodes use in the No LATTICE_ 35
_NODES er discretisation is 2N+1, where N is number NODES

of lattice nodes
LGMM_QUAD_ java.lang.Integ Number of points used in the quadrature No QUAD_OR | 20
ORDER er rule in rollback algorithm DER
LGMM_LATTICE | java.lang.Doub Number of standard deviations to cut-off No LATTICE_ 6.0
_CUTOFF le the discretisation CUTOFF
LGMM_BEST_FI | java.lang.Integ Number of discrete points used in the No BEST_FIT_ | 30
T_GRAPH_MES er best-fit error graph GRAPH_M
H_SIZE ESH_SIZE
LGMM_MEAN_R | com.calypso.tk Sets the mean reversion parameter of the | No MEAN_RE
EV .core.Rate LGM model to a constant value \
LGMM_MAX_SI com.calypso.tk The maximum value of the mode volatility | YES MAX_SIG
GMA .core.Rate to use in certain calibration methods MA
LGMM_MIN_SI com.calypso.tk The minimum value of the model volatility | YES MIN_SIGM
GMA .core.Rate to use in certain calibration methods A
LGMM_MAX_ME | com.calypso.tk The maximum value of the model mean YES MAX_MEA
AN_REVERSIO .core.Rate reversion to use in certain calibration N_REVERS
N methods ION
LGMM_MIN_ME | com.calypso.tk The minimum value of the mode mean YES MIN_MEA
AN_REVERSIO .core.Rate reversion to use in certain calibration N_REVERS

N

methods

ION
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LGMM_MODEL_ | com.calypso.tk Sets the volatility parameter of the LGM NO MODEL_V
VOL .core.Rate model to a constant value oL
LGMM_IR_RAT com.calypso.tk Sets the yield curve to a constant interest | NO IR_RATE
E .core.Rate rate on a continuously compounded,
ACT/365F basis
RISK_OPTIMIS java.lang.Bool true,false Flag controls whether or not the pricer NO RISK_OPT | true
E ean makes any attempt to optimise in the IMISE
getRiskExposure method
ACCURACY_LE java.lang.Integ Controls the level of accuracy in pricing, NO ACCURACY | 5
VEL er 0-lowest accuracy, 11-highest accuracy _LEVEL
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