@

Credit Trader Suite User/Developer Guide

L akshmi Krishnamurthy
v1.6, 19 July 2012



I ntroduction

Credit Trader Suitef libraries aims to provide open source analydicg

trading/valuation system solution suite for cretitl fixed income products. To this end,

it implements its functionality over 3 main librasi—CreditProductCreditAnalytics and

RegressionSuite

Overview and Problem Space Coverage

The main challenges th@redit Trader Suitattempts to address are:

* Implementation of day count conventions, holidagieedars, and rule-based period
generators

» Abstract the functionality behind curves, paranmsgtand products onto defined
interfaces

* Unified/standardized methods for curve calibratjggagameter and product
implementers and constructors

» Environmental system to hold live ticks, closingrksa and reference data containers

* Enhanced analytics testing

» Ease of usage, installation, and deployment

While a number of other libraries - both Open Seunsplementations such gsiantlib

and itsvariantsand proprietary systems suchFascad NumeriX, Algorithmics they

typically cater to the needs of the wider finanangthematics community, thus diluting
their value towards treating credit products. Fertliew of them inherently export a
curve/product/product models that work well witloghucts quotes, marks, and reference
data sources, thereby forcing development tearhsitd their own integration layers
from scratch. Finally, building the componentsuridtional credit-trading system

requires additional layers of development over witas.



Credit Trader Suités an attempt to overcome these shortcomingsnkt & bring the

aspects mentioned above together in one Open Soopbementation that readily

integrates onto existing systems.

Main Librariesand their Purpose

The libraries the constitute the Credit Analytiest& are:
» CreditProduct Focused on the core analytics, and the curegpdinameter, and the
product definitions

* CreditAnalytics— Concerned with the construction and the impldatem of the

interfaces defined in CreditProduct, analytics emvinent management, and
functional distribution

* RegressionSuite This aims to ease testing of analytics, measemésnd generation

of the execution time distribution, as well as aske performance characterization.

CreditProduct Description and Problem Space Cover age

CreditProductims to define the functional and behavioral ifisiegs behind curves,
products, and different parameter types (markénatien, pricing, and product
parameters). To facilitate this, it implements @as day count conventions, holiday sets,

period generators, and calculation outputs.

CreditProductibrary achieves its design goal by implementitsgunctionality over
several packages:

» Dates and holidays coverageovers a variety of day count conventions, 120+

holiday locations, as well as custom user-defingdatlhys

e Curve and analytics definitionBefines the base functional interfaces for thieavas

of discount curves, credit curves, and FX curves



Market Parameter definition®efines quotes, component/basket market parasyeter

and custom scenario parameters

Valuation and Pricing ParameteBefines valuation, settlement/work-out, and

pricing parameters of different variants
Product and product parameter definitioDefines the product creation and behavior
interfaces for Cash/EDF/IRS (all rates), bonds/G@&dit), and basket bond/CDS,

and their feature parameters.

Output measures contain&efines generalized component and basket outpsits,

well customized outputs for specific products

CreditAnalytics Description and Problem Space Coverage

CreditAnalyticsprovides the functionality behind creation, caiioon, and

implementation of the curve, the parameter, angtbduct interfaces defined in

CreditProductlt also implements a curve/parameter/productygical management

environment, and has packaged samples and testers.

CreditAnalyticslibrary achieves its design goal by implementilsgunctionality over

several packages:

Curve calibration and creatioRunctional implementation and creation factofgs

rates curves, credit curves, and FX curves ofdy

Market Parameter implementation and creatiomplementation and creation of

guotes, component/basket market parameters, agsvetienario parameters.
Product implementation and creatidmplementation and creation factories for rates
products (cash/EDF/IRS), credit products (bonds/CaSwell as basket products.

Reference data/marks loaddreaders for bond/CDX, as well a sub-universe of

closing marks

Calculation Environment Managémplementation of the market parameter

container, manager for live/closing curves, studhtlfunctionality for

serverization/distribution, input/output serialipat



» SamplesSamples for curve, parameters, product, and acslgreation and usage

» Unit functional testersDetailed unit scenario test of various analytasye,

parameter, and product functionality.

RegressionSuite Description and Problem Space Coverage

RegressionSuitaims to incorporate measurement of the startupagsurement of

accurate execution times, generating executiorsstat customized input distributions,

and processable regression specific details aoptre regular unit tests.

RegressionSuitkbrary achieves its design goal by implementisgunctionality over

several packages:

* Regression Enginé’rovides control for distribution set, invocatistnategy, and

load.

» Unit Regression ExecutoFramework that implements set up and tear-dowmvedl

as generate run details

* Regression StatisticExecution time distribution, start-up and otheert delay

measurements, and system load monitoring

* Regression OutpuFine grained regressor level output, module agges output,

sub-element execution time estimation.
» Regressor SeModule containing set of regressors, group léwei on/off and
execution control

* Regression UtilitiesFormatting and tolerance checking.




Design Objectives

This section covers the design objectives acrogsrakfacets — functional, software,

system, usage, and deployment aspects.

Financial Feature design attributes

The chief design aims from a financial functionaéingle are:

Interface representations of curve, parameter paoducts

Separation of the creation and the implementatiodutes from the exposed
functional interface behavior

Re-usable functional and behavioral abstractioosrat financial products

Provide “open” public implementations of the stamidanalytics functionality such as
day count conventions, holidays, date represemigtiale based period generation
etc

Abstraction of the quote, the market parameterthagricing structures

Abstraction and implementation of the standard ewalibration

Softwar e Feature design attributes

The chief design aims from a software design aage

Logical functionality identification/localizationmna functional group partitioning
Clearly defined interface structure
Implementation and creation factory bodies

Reach and interaction through interfaces only



System Feature Design Attributes

The key system design aims are:

Functionality needs to be readily serverizable @disttibutable
Provide built in serialization, marshalling, andgstence of all the main components
Management containers around the products, theespand the parameter sets, and

establishing the execution control environment

Analytics Usage Design Objectives

The key usage design goals are:

The analytics modules should provide comprehernsieeit product risk, valuation,
and pricing functionality from a set of functiorfsiPl

Ease of use

Flexible

When direct object access is needed, use onlyghrthe object model interface (and
amend the interface as appropriate)

Test Design Objectives

The key testing design goals in this area are:

Comprehensive unit testing of curve, parameteid paoduct implementation
Extensive composite scenario testing

Environment and server components testing

Release time performance characterization and éradime and execution resource
statistics calculation



Installation, Dependency, and Deployment Design Objectives

The key design goals in this area are:
* Minimize dependency on external modules
* Ease of installation and deployment

» Customizability — for non-standard setups — throtinghsupplied configuration file.



Credit Product

Credit Product Librargonsists of the following 14 packages:

1. Date & Time ManipulatorsThis contains functionality for creating, manigirig,

and adjusting dates, as well as time instantsgtm+second granularity).

2. Day-count Parameters, Conventions, and Date Adgrsti@perationsThis contains

the functionality for day count generation and datpistment according to specific

rules. It also holds parameters needed for speddfyccount conventions.

3. Location Specific Standard Holiday S&his contains all the non-weekend holidays

that correspond to a specific location jurisdictiand its description. Each location

implements it holidays in a separate class.

4. Custom HolidaysThis provides the ability to specify custom holiday the standard

ones provided earlier are insufficient. Differeypes of holidays can be added —

variable, fixed, static, as well as weekends fgivan location.

5. Curve Analytics DefinitionsThis provides the definition of all the curve atie— the

base curve, the rates curves (discount curvesenodcarves), credit curves, and the

FX curves (FX basis and FX forward curves).

6. Cash flow PeriodThis contains the cash flow period functionaléyg,well as place

holders for the period related different curve dast

7. Analytics Support UtilitiesThis contains utility functions for manipulatinget core

Credit Product modules, generic utility functioasd a logger.



8. Quotes, Market, and Scenario Parameters Definitibhis contains the classes that

implement the definitions for all parameters exqapduct feature parameters —
guotes, calibration parameters, market parameteesk parameters, and the scenario

curves.

9. Pricer Parameter3his contains the pricing parameters correspontiraggiven

product and model.

10.Valuation Parameter3his contains all the non-market and non-prodacameters

needed for valuing a product at a given date.

11.Product DefinitionsThis contains interface definitions for all protkjalong with

definitions for credit, rates, and FX componentd specific credit/rates/FX products,
and baskets.

12.Product Parameter$his contains the implementations of the featvegsiired for a

complete construction of an instance of the praduct

13.Product RV and Batch Calculation Outpulbis contains the bulk results of pricing

and relative value calculation for the products.

14. Serializer This interface defines the core object serialaratnethods — serialization

into and de-serialization out of byte arrays, all asthe object serializer version.
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Credit Product: Date Time M anipulators

Date Time Manipulatorare implemented in the packaae.drip.analytics.date. It

contains functionality for creating, manipulatiagd adjusting dates, as well as time

instants (to nano-second granularity).

The functionality is implemented in 2 classBsteTimeandJulianDate and both are

serializable.

JulianDate

JulianDatecontains the representation and functionality hetine date implementation.

Functionality it provides helps:

» Date creation (today, from YMD, different stringoresentations)

» Date comparison (difference, number of leap days)

» Generate date by adjusting an existing date byeifsgd period rule and a holiday
calendar

» Date Characterization — (the year/month/day, lesgy, yEOM, days
elapsed/remaining in the current year)

* Product specific date generation — next EDF stte,dMM start date.

DateTime

DateTimecontains nano-second level time snap of dateftistant.
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Credit Product: Day Count Parameter s, Conventions, and

Date Adjustment Operations

Day Count Calculatorare implemented in the package.drip.analytics.daycount. It

contains the functionality for day count generatmal date adjustment according to

specific rules. It also holds parameters neededgdecific day count conventions.

The functionality is implemented across 3 clas8esActDCParamsConvention and

DateAdjustParams

ActActDCParams

This classcontains the start and the end dates of the referperiod corresponding to the

Act/Act convention, as well as the reference fremye

Convention

This classcontains a collection of static methods that pewholiday and day-count
related functionality. Following is the set of fulomality implemented:

» Date rolls/adjustActual, Following, Modified following, previougnd modified

previous.

» Locale specific holidaysAccess to the full set of non-weekend holidaysafgiven

locale. Also lists the weekend days correspondinglbcale.

« Day Count Year Fractionmplementation of over 80+ different day count

conventions — please consult Credit Analytics feitehe implemented day counts.
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DateAdjustParams

This classcontains the holiday calendar and the roll modeesponding to a date roll

specification. For possible roll modes, please ohtir@3onvention

13



Credit Product: L ocation Specific Standard Holiday Set

Location Specific Holidayare implemented in the packag@.drip.analytics.holset. It

contains all the holidays that correspond to aifipdacation jurisdiction, and its

description.

The functionality is implemented in its own locatiqualified class instance - each of

which is an instance of thecationHolidayinterface.

L ocationHoliday

This base interfaceimplemented by all the locale-specific holidaysrevides methods
to identify the location by name, as well as toiest the full set of non-weekend

holidays.

Other classes in this package provide explicitdays and the locale name. So faredit

Producthas about 130 locales implemented — please cahg@tredit Analytics sitdor

what they are.
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Credit Product: Custom Holidays

Custom Holiday creatorare implemented in the packame.drip.analytics.holiday. It

provides the ability to add holidays, it the stamidanes provided earlier are insufficient.

Different types of holidays can be addedariable fixed, static as well asveekenddor

a given location.

Different holiday types are implemented in theimoglasses — they aBtatic Fixed and

Variable each of which extends tlBase holiday clas®Veekends implemented in a

separate class. All holiday instances for a giveale are maintained on a named holiday

container.

Base

This base abstract custom holiday clesanplemented by all the other custom holiday

implementations. It contains the holiday descrimiand provides functionality to roll
the holiday. It also exposes the stub for realiarliday rule into an actual date for the

given year.

Fixed

This custom holiday classnplements the holiday rul@5th of December, adjusted for
weekends.

L ocale
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This custom holiday classontains the weekend and the custom holiday set.

Static

This classmplements a fully specified date, e January 2012. No adjustments are

applied.

Variable

This custom holiday clasisnplements the rul@™ last Thursday of November, adjusted

for weekends.

Weekend

This custom holiday classontains the array of weekend days.
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Credit Product: Curve Analytics Definitions

Curve Analytics Curve definitionare implemented in the package

org.drip.analytics.definition. It provides the definition of all the curve olige the base

curve, the rates curves (discount curves and aex@s), credit curves, and the FX

curves (FX basis and FX forward curves).

Functionality in this package is implemented acstasses €urve DiscountCurve

ZeroCurve CreditCurve FXBasisCurveandFXForwardCurve

CreditCurve

This interfaceexposes the following Credit Curve functionality:
* InstrumentsSets/retrieves the calibration instruments

* Curve re-generatiorGenerates a parallel hazard shifted or flat ltheeedit curve

» Credit Curve impliedRetrieves survival factor, hazard rate, or recpvate to a

specified date, or averaged over a set of dates.

Curve

This is thebase interfacacross implemented by all curves, and exposef®tiogving
functionality:

» Setting Node ValueSets/bumps the value in a specified curve nodsets a flat

value across all nodes.

» Calibration Component&etrieves the full set of the calibration compaseand

their quotes.
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» Curve re-generatiorCreates a curve object from a specified paraliét, or scenario

tweak parameters.

DiscountCurve

This interfaceexposes the following Discount Curve functionality
e InstrumentsSets/retrieves the calibration instruments

* Curve re-generatiorGenerates a parallel hazard shifted or flat lthdescount curve

* Credit Curve impliedRetrieves the discount factor of the implied ttata specified

date, or averaged over a set of dates.

FXBasisCurve

This interface exposes th& Basis Curvdunctionality. It retrieves the CurrencyPair, the
FX Spot, and the array of the full set of FX fordsr

FXForwardCurve

This interfaceexposes th&X Forward Curvdunctionality. It retrieves the CurrencyPair,

the FX Spot, and provides the functionality foragrof the full set FX basis to a pair of

discount curves, as well as the bootstrapped basis.

ZeroCurve

This interfacecalculates the zero rate to a given date.
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Credit Product: Cash flow Period

Cash flow periodunctionality is implemented in the packame.drip.analytics.period.

It contains the cash flow period functionality,veall as place holders for the period

related different curve factors.

Functionality in this package is implemented acebstasses Period CouponPeriod

CouponPeriodCurveFacto@ndLossPeriodCurveFactars

CouponPeriod

This classextends th&eriodclass, and contains the reset and the year fraggoeration

parameters. It also provides static methods torgéme set of periods going

forward/backward according to the specified setait rules.

Period

This classcontains the period start/end date, the periotlatstart/end date, the pay

date, and the period year fraction.

CouponPeriodCurveFactors

This classenhances thBeriod classvith the starting/ending discount factors, surliva

factors, and notionals.
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L ossPeriodCurveFactors

This classenhances thBeriod classvith the starting/ending survival factors, as vel|

the effective discount factor, recovery, and natiaver the period.

20



Credit Product: Analytics Support Utilities

Analytics Supporfunctionality is implemented in the packame.drip.anal ytics.support.

It contains utility functions for manipulating tltereCredit Productmodules, generic

utility functions, and a logger.

Functionality in this package is implemented ac®skasses AnalyticsHelpey

GenericUti| andLogger.

AnalyticsHelper

This classcontains numerous static functions that link tHfegent modules o€redit
Producttogether — helper functions that tie the curvedpct, parameters, periods, dates,

and other classes with each other.

GenericUtil

This classcontains assorted utility functions useddnedit Analytics These functions do

not reference otheCredit Analytics objects

L ogger

This classlogs time-stamped log messages, and is used thwau@redit Analytics
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Credit Product: Quote, Market, and Scenario Parameters

Quote, Market, Tweak, and Scenario parameter diefsiare specified in the package

org.drip.param.definition. It contains the classes that implement the dedims for all

parameters except product feature parameters esjuealibration parameters, market

parameters, tweak parameters, and the scenariesurv

Functionality in this package is implemented aci¥slasses and 5 groups — market
parameters groupMarketParamsComponentMarketParaniBasketMarketParams

guote parameters grou@ote andComponentQuo)e CalibrationParamslweak

Parameters groupNodeTweakParamandCreditNodeTweakPararjsand the Scenario

Curves GroupRatesScenarioCunandCreditScenarioGroyp

BasketM ar ketPar ams

This interfaceexposes functionality to set/get the named distourves, credit curves,

guotes for each component underlying the basket.

CalibrationParams

This classholds the calibration type and measure — as sdha workout date to which

calibration is to be done.

ComponentM ar ketParams
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This interfaceexposes functionality to set/get the discount esyeredit curves, treasury

curves, EDSF curves, quotes, treasury benchmarkrsefixings for the component.

ComponentQuote

This interfaceexposes functionality to add/remove a quote fgivan measure for a

component — one of the quotes is a deemed “matkweq

CreditNodeT weak Par ams

This classextends thd&lodeTweakParamsnd is meant to be used foreditCurve

tweaks. It holds the tweak parameter and the meaand indicates whether the tweak

operation generates a flat curve.

CreditScenarioCurve

This interfaceexposes functionality to generate the credit ciiwe the calibration
instruments. It generates the base curve, flat'eamped up/down curve set, as well as

custom tweaked scenario curves.

M ar ketParams

This interfaceexposes functionality to set/retrieve/remove tiilowing named market
objects.
« Named CurvesRates and Credit Scenario Curves.

* Named QuotesComponent quotes, Treasury benchmark quotes
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» Fixings For a named index and date.

+ Component Market ParameteParameters for the specified component and sicenar

» Basket Market ParameteiRarameters for the specified basket and scenario.

» Tenor bumped Market Parametebsray of rates/hazard/recovery component and

basket market parameters.

NodeT weak Params

This classholds the node to be adjusted, the adjustment athand the type.

Quote

This interfaceexposes functionality that holds time marked qwalee for a given side.

RatesScenarioCurve

This interfaceexposes functionality to generate the discounteetnom the calibration
instruments. It generates the base curve, flat'eamped up/down curve set, as well as

custom tweaked scenario curves.
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Credit Product: Pricing Parameters

Pricing parameteis implemented in the packagey.drip.param.priceit contains the

pricing parameters corresponding to a given prodndtmodel.

Currently only the credit-pricing model is implented — it is implemented in

PricerParams

Pricer Par ams

This classimplements the discretization scheme, and indscateether the pricing also

includes calibration.
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Credit Product: Valuation Parameters

Valuation parameterare implemented in the packame.drip.param.valuation. It

contains all the non-market and non-product parareeteeded for valuing a product at a

given date.

Functionality in this package is implemented acebstasses QuotingParams

CashSettleParam#/orkoutinfo, andValuationParams

CashSettlePar ams

This classis used the settle date from the given valuatete dcom the lag, the holiday

calendar, and the date adjustment mode.

QuotingParams

This classcontains the parameters required to interpret@oment quote — whether the
guote is spread/price, and, if it is yield quotie, quote day count, frequency, calendar,

and the quote parameters.

ValuationPar ams

This classcontains the valuation date, the cash settle datethe holiday calendar.
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W or koutl nfo

This classcontains the workout information details — the kvout date, yield, the work-

out exercise factor, as well as the work-out type.
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Credit Product: Product Definitions

Product definitionsare implemented in the package.drip.product.definition. It

contains interface definitions for all productraj with definitions for credit, rates, and

FX components and specific credit/rates/FX produantsl baskets.

Product definitionsre implemented in different groups — base compiogi®up

(ComponentComponentMarketParamsR €falibrateComponejtbase basket group

(BasketMarketParamRdBasketProdugt RatesComponenCredit Component Group

(CreditComponeniCreditDefaultSwapBondProductBond), and FX Component group
(FXSpotandEXForwarg.

BasketM ar ketPar amRef

This interfaceexposes the functionality to get the array of i aredit curves relevant to
the basket.

BasketProduct

This abstract clasextendBasketMarketParamReét provides methods for accessing the

basket’s components, coupon, notional, effectie,daaturity date, cash amount, and

the list of coupon periods.

Bond
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This abstract clasextend<reditComponentApart from exposing the a bond specific

customized versions of tli@mponeninterface, the following are some of the more

specialized functionality it provides:

* Analytics functionality for a set of <<FROM>> an&'®O>> measures, e.g., Price
from Yield, where Price is the <<TO>> measure amgldis the <<FROM>>

measure. For a full set of measures exposed, pteasealtCreditAnalytics

documentation.
* Spread computed from a set of built-in treasurychemarks
* ISIN, CUSIP, Ticker, Name
* Period a given date corresponds to
* Price from bumped discount/zero/ credit curves

» Full set of RV measures for a given market measure

For information on the more targeted functionalgjgase consult théreditAnalytics

documentation.

BondProduct

This interfaceprovides the functionality to get/set the follogyiproduct features of the
bond: bond identifier, credit/rates parametergsuey benchmark, coupon parameters,
(optional) cash flow periods, notional schedulesrency parameters, floater parameters,
market quote convention, termination events, anbleslded call/put schedules.

Component

This abstract clasextends th€omponentMarketParamRifterface, and provides

methods for accessing the component’s coupon, matieffective date, maturity date,

cash amount, and the list of coupon periods.
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ComponentCalibrator

This abstract clasextend<Componentand provides the calibration functionality and th

component’s primary/secondary market code.

ComponentM ar ketPar amRef

This interfaceexposes the functionality to get the curves relet@valuing the basket —

the rates/credit/treasury/EDSF curves.

CreditComponent

This abstract clasextends th€alibratableComponenrt and provides the functionality

needed of the credit component. It retrieves thepmment’s recovery, credit settings,

and the coupon/loss period flows.

CreditDefaultSwap

This abstract clasextends th€reditComponentand provides functionality to calibrate a

flat spread, as well as to reset the coupon.

FXForward
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This abstract classnplements th&X forward contract, and provides functionality to
retrieve the currency pair, date, product coddsctve/maturity dates, and to imply the

forward value and basis, as well as compute aséilbf measures.

EXSpot

This abstract clasenplements th&X spotcontract, and provides functionality to retrieve

the currency pair and the spot date.

RatesComponent

This hollowabstract clasextends th€alibratableComponert and exists only to

indicate theRatesComponenype.
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Credit Product: Product Parameters

Product parameter definitiomse implemented in the packameg.drip.product.param#t

contains the implementations of the features requior a complete construction of an

instance of the product.

Product parameteere implemented across 19 clasS&didatableis the base interface
that underpins most of them. Others are identfa@ameters@DXlIdentifier,
CDXRefDataParamsdentifierSet StandardCDXParamsCouponSettingCreditSetting
CurrencySetEmbeddedOptionScheduylEactorScheduléNotionalSchedule
PeriodGeneratoPeriodSetFloaterSettingRatesSetingl erminationSetting

QuoteConventionTreasury Parameter§réasuryBenchmark syBmkSe}, and

CurrencyPair

CDXldentifier

CDXldentifier contains the set of fields to uniquely identif¢BX — the index, series,

version, and the tenor.

CDXRefDataParams

CDXRefDataParamsontains the full set of fields needed to congttlue reference data

corresponding to a CDX.

CouponSetting
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CouponSettingontains the set of coupon parameters. It holelsyihe, the nominal

coupon, the coupon ceiling/floor, as well as thepmn schedule.

CreditSetting

CreditSettingcontains the component specific credit parametéhne credit curve name,

recovery, recovery pay lag, and a flag indicatirgether accrual is paid on default.

CurrencyPair

CurrencyPaicontains the currency set details of the FX cdntabe numerator, the
denominator, and the quoted currencies, as wéleasontract PIP factor.

CurrencySet

CurrencySetontains the component’s currency fields — theégraoupon, and

redemption currencies.

EmbeddedOptionSchedule

EmbeddedOptionSchedutentains the component’s embedded option parasettre

schedule, exercise factors, type, call notice peamd additional parameters if the bond

is fixed-to-float on exercise
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Factor Schedule

FactorSchedulsimply contains an array of dates and doublegs-used to represent

such objects as coupon or notional schedules.

Floater Setting

FloaterSettingontains the component’s floating rate parametéhe rate index, floater

day count, spread, and the current coupon.

| dentifier Set

IdentifierSetcontains the component’s identifier parametetse-generic ID, ISIN,
CUSIP, and the ticker.

Notional Setting

NotionalSettingcontains the component’s notional schedule paemsietthe notional

schedule, the notional factor interpretation mauohel whether the price quote is off of the

original notional.

PeriodGener ator

PeriodGenerataextendsPeriodSetlt contains the date adjustment parameters

corresponding to each of the period’s dates, akasadther period generation details.
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PeriodSet

PeriodSetolds the component’s period generation parametsraell as the generated
period set. It holds the date adjustment paramétetbe period start/end, period accrual
start/end, effective/maturity/pay/reset, as welliis coupon and interest accrual start

dates.

QuoteConvention

QuoteConventioiontains the component’s market convention parasietéhe quoting

and the cash settle parameters, the calculatia) & the first settle date.

RatesSetting

RatesSettindpolds the names of the component’s rates curvedon of the cash flow

currencies — the trade, the coupon, the princgrad, the redemption currencies.

StandardCDXPar ams

StandardCDXParanontains the parameters that are used for cotisigue CDX

family — currency, coupon, and the number of conembs

TerminationSetting
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TerminationSettingndicates the termination mode of a component ethdr it has been

exercised, if it has defaulted, or if it is pergstu

TreasuryBenchmark

TreasuryBenchmarkolds the component’s treasury benchmark and sutiveonsists of

theTsyBmkSetinstance as well as the treasury and EDSF dis@unaes.

TsyBmkSet

TsyBmkSetholds the treasury benchmarks corresponding todhgonent — the

primary, and an array of the secondary treasurgtoaarks.

Validatable

The Validatableinterface is implemented by most of the producapeeters — it is used

to validate the state of the constructed paranadtject.
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Credit Product: Product RV and Batch Calculation Outputs

Product bulk outputare implemented in the packawe.drip.analytics.output. It

contains the bulk results of pricing and relatiadue calculation for the products.

Outputs are implemented in 6 classé&semponentMeasurebond specific calculation

outputs Exerciselnfo BondCouponMeasureBondWorkoutMeasures

BondRVMeasurgs andBasketMeasures

BasketM easur es

This classcontains the set of basket run outputs for askedjuence scenarios — and holds
the following:

* Base measures

Flat credit/rates/recovery bumped delta and gameesore set

* Tenor bumped credit/rates/recovery bumped deltagantdna measure set

» Flat credit/rates/recovery bumped delta and gamemsuare set for each market
credit and rates curve bump

* Tenor bumped credit/rates/recovery bumped deltaganina measure set for each

market credit and rates curve bump

BondCouponM easur es

BondCouponMeasuresontains the bond’s coupon related PV measurks BY01, the

coupon/index/full PV, and the derived measures, @lean/dirty etc) thereof.
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BondRVM easures

BondRVMeasuresontains the bond’s full set of implied relativawe measures — the

price, yield, basis of different types (bond basiedit basis, discount margin), spread
measures relative to different base curves (Ztas&, treasury, G/I/OAS, PECS),

duration, and convexity.

BondW or koutM easur es

BondWorkoutMeasuresontains the bond’s full set of measures to aipdavorkout

date — e.qg., the clean/dirty, credit risky/riskslegriants of the coupon measures, par,
principal, and recovery PV. For a full set of measiplease consult the CreditAnalytics

documentation.

ComponentM easur es

This classcontains the set of component run outputs follaséguence scenarios — and
holds the following:
* Base measures, the flat credit/rates/recovery bdrdpka and gamma measure set

* Tenor bumped credit/rates/recovery bumped deltagantma measure set

Exercisel nfo

Exerciselnfocontains the set of fields that fully characteanel exercise event — the

exercise type, date, and the factor.
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Credit Product: Serializer

Serializer interfacare implemented in the packawe.drip.service.stream. The interface

defines methods for serializing out of and de-$enmy into a byte stream, as well as the

object serialization version.

There is just one interface in this packadggerializer

Serializer

Theserializerexposes methods for packing and unpacking thesimgahting object onto

a byte array. It also holds the version, which shtive implemented version instance.
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Credit AnalyticsLibrary

Credit Analytics Libraryconsists of the following 16 packages:

. Curve Implementationdhis contains the curve objects implemented usmgof the

many ways of calibration, and contains concretdemgntations of Discount Curve,

Zero Curve, Credit Curve, and FX Curves.

. Curve CalibratorsThis contains the curve calibrators that use diffecalibration

schemes, and the curve scenario generators.

. Curve CreatorsThis contains the curve object factories for ttigecent curves using

the calibration parameters.

. Reference Data LoaderEhis package contains functionality that loadskibed and

the CDS reference data, as well as closing marks few date ranges.

. Analytics ConfiguratarThis package contains functionality to configuagious

aspects of Credit Analytics.

. Market, Quote, and Scenario Parameter Implementfidis contains the

implementations of th€redit Product interfacagpresenting the quotes, the

basket/component market parameters, and the scenawie containers.

. Market, Quote, and Scenario Parameter Creaityis contains the builder factories

for the quotes, market parameters, and the scenamnes.

. Rates Component Implementatiofiiis contains the implementations of theedit

Product interfacetor Cash, Euro-dollar future, and interest ratagwstruments.
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9. Credit Product Implementation§his contains the implementations of heedit
Product interface®r Bonds, CDS, basket CDS, and bond baskets.

10. EX Product Implementationd his contains the implementation of Ge=dit Product

interfacefor FX products.

11.Product CreatorsThis contains the creators for the various ratesjit, and FX

component and basket products.

12. Analytics Environment ManageT his provides functionality for loading products

from their reference data and managing them, alsasedreating/accessing

live/closing curves.

13. Analytics Bridge This provides the stub and proxy functionality foroking Credit

Analyticsfunctionality in a remote server and extracting tasults.

14. Analytics APt This provides a unified and comprehensive funetipstatic interface
of all the mainCredit Analyticsfunctionality.

15. Analytics SamplesThis provides samples illustrating the functiotygtirovided by

Credit Analytics— samples demonstrating the creation and usagereés and

products across rates, credit, and FX componetbaskets. Examples are also
provided on how to compare against standard analygndors/suppliers (e.g.,

Bloomberg).

16. Functional TestersThis contains a fairly extensive set of unit andhposite testers

for the curve, products, serialization, and anedyfunctionality provided by the

Credit Analytics suitewith a special focus on bonds.
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Credit Analytics: Curve Il mplementations

Credit Product curve definitiorere implemented in the packame.drip.analytics.curve.

This package contains the curve objects implemamédy one of the many ways of
calibration, and contains concrete implementat@fridiscount Curve, Zero Curve,

Credit Curve, and FX Curves.

Functionality in this package is implemented ovetdsses -CalibratedDiscountCurye
DerivedZeroCurveCalibratedCreditCuryéDerivedFXBasisCurveand

DerivedFXForwardCurve

CalibratedCreditCurve

This classextend<Credit Product’s CreditCurviaterface. It maintains the term structure

of hazard nodes and recovery rates, and the cidibriastruments, quotes, measures,

and other parameters.

CalibratedDiscountCurve

This classextend<Credit Product’'s DiscountCurve interfademaintains the term

structure of forward rates, and the calibratiortrimeents, quotes, measures, and other

parameters.

DerivedFXBasisCurve
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This classextend<Credit Product’'s FXBasisCurve interfademaintains the term

structure of the FX Basis nodes either as FX Fatvwaints, or as bootstrapped nodes.

DerivedFEXForwardCurve

This classextend<Credit Product’'s FXForwardCurve interfademaintains the FX Spot

instance and the term structure of FX Forwardseils outrights or PIPs.

DerivedZeroCurve

This classextend<Credit Product’'s ZeroCurve interfadé maintains the term structure

of spot zeroes for the specified input pay nodes.
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Credit Analytics: Curve Calibrators

Curve calibratoraire implemented in the packame.drip.analytics.calibration. This

package contains the curve calibrators that userdift calibration schemes, and the

curve scenario generators.

Functionality in this package is implemented ovetdsses -€omponentCalibrator

BracketingCalibratgiNewtonRaphsonCalibratdRCurveScenarioGenerat@and

CreditCurveScenarioGenerator

BracketingCalibr ator

This classimplements th€omponentCalibratanterface. Calibration is done through

bracketing.

ComponentCalibrator

ComponentCalibrator interfackefines the component curve calibration methobset-

strapping the discount and the hazard curves fbenindividual component quotes.

Calibration is done node-by-node, or flat.

CreditCurveScenarioGener ator

CreditCurveScenarioGeneratwolds the calibration and parameters to be used in

conjunction with theComponentCalibrataio generate scenario credit curves.
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NewtonRaphsonCalibrator

This classimplements th€omponentCalibratanterface. Calibration is done by Newton

Raphson technique.

RatesCurveScenar ioGener ator

RatesCurveScenarioGeneratmlds the calibration and parameters to be used in

conjunction with theComponentCalibrataio generate scenario rates curves.
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Credit Analytics: Curve Creators

Curve creatorare implemented in the package.drip.analytics.creator. This contains

the curve object factories for the different curussg the calibration parameters.

Functionality in this package is implemented ovetdsses DiscountCurveBuilder

ZeroCurveBuilderCreditCurveBuilderFXBasisCurveBuilderand

FXForwardCurveBuilder

CreditCurveBuilder

CreditCurveBuildeprovides several ways of constructing an instarid¢be Credit

Product’s CreditCurve interface

DiscountCurveBuilder

DiscountCurveBuildeprovides several ways of constructing an instarficbe Credit

Product’s DiscountCurvimterface

FXBasisCurveBuilder

FXBasisCurveBuildeprovides several ways of constructing an instaricbe Credit

Product’'s FXBasisCurve interface
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FXForwardCurveBuilder

FXForwardCurveBuildeprovides several ways of constructing an instaricke Credit

Product’'s FXForwardCurve interface

ZeroCurveBuilder

ZeroCurveBuildeprovides several ways of constructing an instarfi¢ke Credit

Product’'s ZeroCurve interface
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Credit Analytics: Reference Data L oaders

Data loadersaire implemented in the packame.drip.feed.loaders. This package

contains functionality that loads the bond and@IxS reference data, as well as closing

marks for a few date ranges.

Functionality in this package is implemented ovetddses BondRefData
CDXRefDatg andCreditStaticAndMarks

BondRefData

BondRefDatauploads the specified set of bond reference data &n externally

supplied reference data file.

CDXRefData

CDXRefDatauploads the specified set of the standard CDXhd&fns from an

externally specified file.

CreditStaticAndM ar ks

CreditStaticAndMarkgopulates an internal teSteditAnalyticsdatabase with bond and

CDS reference data, as well as some marks.
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Credit Analytics: Analytics Configur ator

Credit Analytics configuratois implemented in the packagey.drip.param.config. This

package contains functionality to configure variagpects o€Credit Analytics

Functionality in this package is implemented inrgyke class -ConfigLoader

ConfigL oader

ConfigLoaderdoads the set afreditAnalyticsconfiguration settings. Please refer to the

CreditAnalyticsdocumentation for details on the configuratiorriest
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Credit Analytics: Market Parameters, Quotes, and Scenario

Parameter | mplementations

Quotes and Market Parametare implemented in the packamg.drip.param.market

This contains the implementations of theedit Product interfacagpresenting the

guotes, the basket/component market parametersharstenario curve containers.

Functionality in this package is implemented ovetasses -MultiSidedQuote

ComponentMultiMeasureQuqtBasketMarketParamS& omponentMarketParamsSet

MarketParamsContaingRatesCurveScenarioContainand

CreditCurveScenarioContainer

BasketM ar ketPar amSet

BasketMarketParamSptovides the concrete implementatiorCoédit Product’s

BasketMarketParams interfadeholds the named discount/credit curves, theaeth

treasury and component quotes, and the fixingscaobje

ComponentM ar ketPar amSet

ComponentMarketParamSatovides the concrete implementatiorGoédit Product’s

ComponentMarketParams interface

ComponentM ultiM easur eQuote
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ComponentMultiMeasureQuoteovides the concrete implementatiorCoédit

Product’'s ComponentQuote interface

CreditCurveScenarioContainer

CreditCurveScenarioContainprovides the concrete implementatiorCoédit Product’s

CreditScenarioCurve interfack holds the credit scenario generator objedt ¢batains

the calibration instrument/parameters, base coeaite, parallel bump/down credit curve,

tenor bumped up/down credit curves, as well as dasustom credit curves.

M ar ketPar amsContainer

MarketParamsContain@rovides the concrete implementatiorCoédit Product’s

MarketParams interfacé holds the full set of market parameters f@ tjiven day —

named component/treasury quote map, discount/aredie map, credit/rates scenario

curve map, and the fixings map.

MultiSidedQuote

MultiSidedQuoteprovides the concrete implementatiorCoédit Product’s Quote

interface

RatesCurveScenarioContainer

RatesCurveScenarioContairgrovides the concrete implementatiorCoédit Product’s

RatesScenarioCurve interfadeholds the rates scenario generator objectdbatains
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the calibration instrument/parameters, base rateecparallel bump/down rates curve,

tenor bumped up/down rates curves, as well as naostdm rates curves.
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Credit Analytics: Market Parameters, Quotes, and Scenario

Parameter Creators

Builders for quotes, market parameters, and sagcarves are implemented in the

packageorg.drip.param.creator. This contains the builder factories for the gspte

market parameters, and the scenario curves.

Functionality in this package is implemented ovetasses -QuoteBuildey
ComponentQuoteBuilde€omponentMarketParamsBuilder

BasketMarketParamsBuildévlarketParamsBuildeRatesScenarioCurveBuildernd

CreditScenarioCurveBuilder

BasketM ar ketPar amsBuilder

BasketMarketParamsBuildprovides multiple ways of constructing an instaotthe

Credit Product’'s BasketMarketParams interface

ComponentM ar ketParamsBuilder

ComponentMarketParamsBuildgrovides multiple ways of constructing an instaate

the Credit Product’'s ComponentMarketParams interface

ComponentQuoteBuilder
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ComponentQuoteBuildgrrovides multiple ways of constructing an instaattheCredit

Product’'s ComponentQuote interface

CreditScenarioCurveBuilder

CreditScenarioCurveBuildgrovides several ways of constructing an instarficbe

Credit Product’'s CreditScenarioCurve interface

M ar ketPar amsBuilder

MarketParamsBuildgorovides several ways of constructing an instarficbe Credit

Product’s MarketParams interface

QuoteBuilder

QuoteBuildermprovides several ways of constructing an instaricke Credit Product’s

Quote interface

RatesScenarioCurveBuilder

RatesScenarioCurveBuildprovides several ways of constructing an instaricke
Credit Product’s RatesScenarioCurve interface
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Credit Analytics: Rates Component | mplementations

Rates componentre implemented in the packame.drip.product.rates. This contains

the implementations of théredit Product interfacder Cash, Euro-dollar future, and

interest rate swap instruments.

Functionality in this package is implemented ovetddses -€ashComponent

EDFComponentandlIRSComponent

CashComponent

CashComponerninplements th€redit Product’'s RatesComponent interfémethe Cash

product.

EDFComponent

EDFComponenimplements th€redit Product’'s RatesComponent interfémethe

Euro-Dollar Future product.

| RSComponent

IRSComponenimplements th€redit Product’s RatesComponent interfémethe IRS

product.
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Credit Analytics: Credit Product | mplementations

Credit product definitionare implemented in the packame.drip.product.credit. This

contains the implementations of teedit Product interfacdsr Bonds, CDS, basket

default swaps, and bond baskets.

Functionality in this package is implemented ovetasses BondComponent
BondBasketCDSComponentandCDSBasket

BondComponent

BondComponenimplements th€redit Product’s Bond and BondProduct interfaoes

the Bond product.

BondBasket

BondBasketmplements th€redit Product’s BasketProduct interfdoe the Bond

Basket product. It holds the basket name, bask&inad, component bonds, and their

weights.

CDSComponent

CDSComponenimplements th€redit Product’s CreditDefaultSwap interfdoe the
CDS product.
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CDSBasket

CDSBasketmplements th€redit Product’s BasketProduct interfadesthe CDS
Basket product. It holds the basket name, baske&inad, component CDS’es, and their

weights.
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Credit Analytics: FX Component | mplementations

EX componentsare implemented in the packaag.drip.product.fx. This contains the

implementations of th€redit Product interfacdsr FX spot and forward contracts.

Functionality in this package is implemented ovetdsses FXSpotContracand

FXForwardContract

FXForwardContr act

EXForwardContractepresents thEX Forward contact it contains the spot/maturity

dates, the component code, andGherencyPair

FXSpotContract

EXSpotContractepresents thEX Spot instance- it contains the spot date and the

CurrencyPair
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Credit Analytics: Product Creators

Product creatorare implemented in the packag@.drip.product.creator. This contains

the creators for the various rates, credit, ancéXponent and basket products.

Functionality in this package is implemented owrclhsses €ashBuilder
EDFutureBuilderIRSBuilder, CDSBuilder bond creator classeBdndRefDataBuilder
BondProductBuilderBondBuilde), CDS basket creator class@&DSBasketBuilder
CDXRefDataBuildey CDXRefDataHolderStandardCDXManaggrBondBasketBuilder
and FX product builder classés{SpotBuilderandFXForwardBuildey.

BondBasketBuilder

BondBasketBuildeprovides several ways of constructing an instarid¢be Credit
Product’'s BasketProduct interfafor the Bond Basket.

BondBuilder

BondBuilderprovides several ways of constructing an instarfiche Credit Product’s

Bond interfacdor theBondComponent

BondProductBuilder
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BondProductBuildecontains the set of static parameters needednstrewt the bond for

the full bond valuation. Please refer to @editAnalytics documentaticior the full set

of bond product valuation fields.

BondRefDataBuilder

BondRefDataBuildecontains the set of bond reference data fieldst mfowhich are not

used for valuation. Please refer to €reditAnalytics documentatidior the full set of
fields.

CashBuilder

CashBuildercontains the functionality to creaté€€ash Product instanéeom different

types of inputs. ThE€redit Product rates product interface RatesCompuasghe return

type.

CDSBasketBuilder

CDSBasketBuildecontains the functionality to creat€®S Basket Product instance

from different types of inputs. An instance of tbeedit Product interface BasketProduct

is returned.

CDSBuilder
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CDSBuildercontains the functionality to creat€®S Product instandeom different

types of inputs. An instance of tlEedit Product interface CreditDefaultSwiap

returned.

CDXRefDataHolder

CDXRefDataHoldercontains all the generated standard CDX Prodtstisined as

instances o€reditProduct’s BasketProduaterface. Since this is a generated file, please

do not delete this.

EDFutureBuilder

EDFutureBuildercontains the functionality to creaté&aro-dollar Product instandeom

different types of inputs. Th@redit Product rates product interface RatesCommpage

the return type.

FXForwardBuilder

FXForwardBuildercontains the functionality to create a f&Xward contract instance

from different types of inputs. THéredit Product rates product interface FXForwiard

the return type.

FXSpotBuilder

61



FXSpotBuildercontains the functionality to create X spot contract instandeom

different types of inputs. Th@redit Product rates product interface FXSgdhe return
type.

|RSBuilder

IRSBuildercontains the functionality to create &5 Product instancieom different

types of inputs. ThE€redit Product rates product interface RatesCompasdhe return

type.
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Credit Analytics: Analytics Environment M anager

Analytics Environment Manageomponent are implemented in the package

org.drip.service.env. This contains the creators for the various rates]it, and FX

component and basket products.

Functionality in this package is implemented ovetasses BondManager
CDSManagerEnvManagerEODCurvesRatesManageStandardCDXManageand
StaticBACurves

BondM anager

BondManageholds the live/closing marks as well as the vaduditef data for a given
bond.

CDSM anager

CDSManageholds the live/closing CDS marks as well as tHeatson/ref parameters

for a given CDS. It also holds the calibrated kel closing credit curves.

EnvM anager

EnvManagessets the environment and connection parametelg)@pulates the market
parameters (quotes, curves, and fixings) for argE@D.
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EODCurves

EODCurvesmplements the container the exposes the fundttgrta create/retrieve the

set of closing rates/credit curves for a given EOD.

RatesM anager

RatesManagemanages the creation/loading of the rates curivdgferent kinds for a
given EOD.

StaticBACurves

StaticBACurveamplements the class that creates a set of dis@mehcredit curves from

a user defined set of marks for a given EOD.

StandardCDXM anager

StandardCDXManageaetrieves the CDX Product, and the static detHik| the NA,
EU, SovX, EMEA, and ASIA standardized CDS indicBise indices are returned as

instances o€reditProduct’s BasketProduct interface

64



Credit Analytics: Analytics Bridge

Analytics Bridgeis implemented in the packagey.drip.service.bridge. This provides

the stub and proxy functionality for invokir@@redit Analytics functionalityn a remote

server and extracting the results.

Functionality in this package is implemented ovetaases €reditAnalyticsStuland

CreditAnalyticsProxy

CreditAnalyticsProxy

This classimplements th€redit Analyticsclient thunking proxy. It captures the requests

for theCredit Analytics Serveirom the caller, formats them, and marshals thethe

server, and unmarshals the results back to thercall

CreditAnalyticsStub

This class implements tiieredit Analytics server stultt receives the requests from the

client, de-serializes it and invokes tBesditAnalyticsfunctionality, extracts the results,

and serializes and sends them back to the client.
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Credit Analytics: Analytics API

Analytics APlis implemented in the packagey.drip.service.api. This provides a

unified and comprehensive functional, static irdeef of all the mairedit Analytics

functionality.

Functionality in this package is implemented ovemale class €reditAnalytics

CreditAnalytics

CreditAnalyticsis the main functional API interface to all tBeedit Analytics

functionality. The functionality ranges from datngration and day count to

curve/product building and valuation — please redaheCreditAnalytics documentation

for details.
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Credit Analytics: Samples

Credit Analytics sampleare available in the packagey.drip.service.sample. This

provides samples illustrating the functionality yided byCredit Analytics— samples

demonstrating the creation and usage of curvepayttlicts across rates, credit, and FX
components and baskets. Examples are also progmadw to compare against standard

analytics vendors/suppliers (e.g., Bloomberg).

Functionality in this package is implemented ov2rclasses BloombergCDSW
BondAnalyticsAP) BondBasketAPRIBondStaticAP| BondLiveAndEODAP)
BondStaticAP] CDSBasketARICDSLiveAndEODAP] CreditAnalyticsAP)
DayCountAndCalendarAPEXAPI, RatesAnalyticsARlandRatesLiveANdEODARI

Bloomber gCDSW

This sampledemonstrates the reproduction of the calculatiortise Bloomberg CDSW

screen.

BondAnalyticsAPI

This sampledemonstrates the creation of bonds and usage diathd analytics API.

BondBasketAPI
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This sampledemonstrates the creation of the bond baskethenddage of the bond
basket analytics API.

BondL iveAndEODAPI

This sampledemonstrates the extraction of the live/EOD bonotes and their eventual

measures calculation.

BondStaticAPI

This sampledemonstrates the extraction of the static paraséte a given bond.

CDSBasketAPI

This sampledemonstrates the creation of CDS basket and wdabe CDS basket
analytics API.

CDSLiveANndEODAPI

This sampledemonstrates the extraction of the live/EOD CD8&tegiand their eventual

measures calculation.

CreditAnalyticsAPI
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This sampledemonstrates the creation of CDS, credit curvatime, and usage of the
CDS/credit analytics API.

DayCountAndCalendar API

This sampledemonstrates the usage of the day-count and kixedza API.

EXAPI

This sampledemonstrates the creation of FX Spot/Forward estgr FX basis/forward

curve creation, and usage of the FX analytics/tednaAPI.

RatesAnalyticsAPI

This sampledemonstrates the creation of rates products, HReatreation, and usage of

the rates product valuation and analytics.

RatesL iveAndEODAPI

This sampledemonstrates the extraction of the live/EOD ratesluct quotes and their

eventual measures calculation.
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Credit Analytics: Functional Testers

Credit Analytics functional testeese available in the packagey.drip.tester.functional.

This contains a fairly extensive set of unit anchposite testers for the curve, products,

serialization, and analytics functionality providegltheCredit Analytics suitewith a

special focus on bonds.

Functionality in this package is implemented ovetasses BondTestSuite
CreditAnalyticsTestSuitdProductTestSuiteandSerializerTestSuite

BondTestSuite

BondTestSuiteests the bond’s valuation using the EOD marketes) the bond
reference data, and the EOD bond marks.

CreditAnalyticsT estSuite

CreditAnalyticsTestSuitdoes a complete test of all the APIs exposeden th

CreditAnalytics functional interface

ProductTestSuite

ProductTestSuitperforms a comprehensive test of the KegditAnalytics

product/curve/parameter functionality:
* Products testedCash, EDF, IRS, Bonds, CDS, bond basket, and i3&et.
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» Curves testedCredit and discount curve generation and elabdraimped scenario

metric reconciliation

» Scenarios teste®ase, flat/tenor bumped up/down rates/creditirepgtreasury
guotes adjusted curve set.

» Measures testedBrief, modest, or fully comprehensive set of mgagjeneration

tests.

Serializer TestSuite

SerializerTestSuitserializes, de-serializes, and reconciles everglezble class in the
Credit ProducandCredit Analyticslibrary suite.
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Regression SuitelLibrary

Regression Suite Libraigonsists of the following 2 packages:

1. Core Regression Libraryhis contains the full set étegression Suite’sore

framework and the set of extensible interfaces.

2. Regression Sampl@his contains the samples for regression testirigelCredit

Analvtics library— the samples illustrate creation of the corredpanregression

engines and the curve regressors.
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Regression Suite: Core

Thecore functionality of the regression suite libresymplemented in the package

org.drip.regression.core. This contains the full set &egression Suite core framework

and the set of extensible interfaces.

Functionality in this package is implemented ovetgsses -RegressionEngine

RegressionRunDetaiRegressionRunOutpuRegressionUtjIRegressorSet

UnitRegressionExecutpnitRegressionStaandUnitRegressar

RegressionEngine

RegressionEnginprovides the control and the framework functiaydior the entire

RegressionSuitdn particular, it provides:

» Control on the level of the regression output detanodule level, aggregated module
level, or full roll up.

* Regression setup control — the number of runs,ui@cenvironment tuning

» System control parameters — CPU execution timesjangusage, 10/system wait
times on a unit regressor granularity

» Statistics generator control

RegressionRunDetail

RegressionRunDetationtains the named field level details of the atutd the regression

activity.
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Regr esst onRunQutput

RegressionRunOutptiolds the detail of a single regression run —aggon scenario

name, start/end instants, the execution timesttadorresponding regression run detail.

Regr essionUtil

RegressionUtiimplements the collection of utilities required tmmpletion/calculation

of the component and functional regression, eoterance checks.

Regr essor Set

RegressorSenterface exposes the regressor set stubs —gattiand retrieving the

named regressor sets.

UnitRegr essionExecutor

UnitRegressionExecuterthe abstract class that implementsiingRegressor interface

is extended by the individual regressor. It iniges$, sets up, invokes the derived

regressor, cleans up, and compiles statistics@netfiression run.

UnitRegr essionStat

UnitRegressionStairovides statistics of the execution time and otheasures.
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UnitRegr essor

UnitRegressomterface exposes thait regressor functionality the “regress” method

and the regressor name.
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Regression Suite: Sample

The core functionality of theegression suite librang implemented in the package

org.drip.regression.sampl&his contains the samples for regression testirige Credit

Analytics library— the samples illustrate creation of the corredpanregression engines

and the curve regressors.

Functionality in this package is implemented ovetgsses DiscountCurveRegressor

ZeroCurveReqgressoCreditCurveRegressdFXCurveRegressoand

CreditAnalyticsRegressionEngine

CreditAnalyticsRegr ess onEngine

CreditAnalyticsRegressionEngipeovides the sample implementation of Reggression

Suiteés RegressionEngine interfafer theCredit Analvtics library

CreditCurveRegr essor

CreditCurveRegress@rovides the sample implementation of Begression Suite

RegressorSet interfa¢er theCredit Producs CreditCurve interface

DiscountCurveReqr essor

DiscountCurveRegressprovides the sample implementation of Regression Suite

RegressorSet interfa¢er theCredit Producs DiscountCurve interface
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FXCurveRegr essor

EXCurveRegressgurovides the sample implementation of Regression Suite

RegressorSet interfater theCredit Producs FXBasisCurveandFEXForwardCurve

interfaces

ZeroCurveRegr essor

ZeroCurveRegress@rovides the sample implementation of Regression Suite

RegressorSet interfader theCredit Analytics ZeroCurve interface
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Usage Notes

This section shows API references and sample dieters for some of the more
commonly used functionality, as well as a few tgbwendor calculations replication
modules.

API References And Sample Files

Function API Sample Fil
Holidays for CreditAnalytics.GetHolsInYear
_ _ DayCountAndCh
a calendar set Convention.HolidaySet
Day count CreditAnalytics.YearFraction
) _ ) DayCountAndCa
year fraction Convention.YearFraction
Date _ _ )
_ CreditAnalytics.Adjust
Adjustment _ _ DayCountAndCa
CreditAnalytics.RollDate
and Roll
Rule based _ _
od CouponPeriod.GeneratePeriodsBackward c 5
erio ouponPel
g _ CouponPeriod.GeneratePeriodsForward
generation
RatesCompc
Cash Product _
CashBuilc
definition CashBuilder.CreateCash _
: RatesAnalytic
and creation
ProductTest
Euro-dollar RatesComp
Future EDFBuilder.CreateEDF EDFBuilds
definition EDFBuilder.GenerateEDFPack RatesAmlytic:
and creation ProductTest

78



Interest Rate

RatesComp

Swap _ IRSBuilde
o IRSBuilder.CreatelRS )
definition RatesAnalyti
and creation ProductTest
CreditDefault
CDS )
o _ CDSBuild
definition CDSBuilder.CreateCDS
) CreditAnalytic
and creation
ProductTest
Bond
Bond BondBuilder.CreateSimpleFixed BondProdi
on
o BondBuilder.CreateSimpleFloater BondBuild
definition _
_ BondBuilder.CreateBondFromCF BondAnalytic
and creation _
BondBuilder.CreateBondFromParams BondTestS
ProductTest
FX FXSpot
Spot/Forward ) FXForwar
Contact FXSpotBuilder.CreateFXSpot EXSDotBUil
ontac potBui
o FXForwardBuilder.CreateFXForward
definition FXForwardBL
and creation EXAPI
) BasketProc
CDSBasketBuilder.MakeCDX
CDS Basket ] CDSBasketB
o CDSBasketBuilder.MakeBasketDefaultSwap
definition StandardCDXN\
_ StandardCDXManager.GetOnTheRun
and creation ) CDSBasket
StandardCDXManager.GetCDXSeriesMap
ProductTest:
BasketProc
Bond Basket -
BondBasketE
definition BondBasketBuilder.CreateBondBasket
_ BondBaske
and creation
ProductTest
Curve ComponentCalibrator.bootstrapHazardRate BondComponent.B
Calibration ComponentCalibrator.bootstraplnterestRate CDSComponent.Sp
Discount DiscountCurveBuilder.CreateDC RatesAnalytic
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Curve
definition

and creation

RatesScenarioCurveBuilder.CreateDiscountCurve

ProductTest

Zero Curve
definition ZeroCurveBuilder.CreateZeroCurve BondCompc
and creation
Credit Curve _ ) ) _ _
defini CreditCurveBuilder.CreateCreditCurve CreditAnalytic
efinition
_ CreditScenarioCurveBuilder.CreateCreditCurve ProductTest
and creation
FXBasis
Curve _ _ )
o EXBasisCurveBuilder.CreateFXBasisCurve FXAPI
definition
and creation
FXForward
Curve
o FXForwardCurveBuilder.CreateFXForwardCurve FXAPI
definition
and creation
Discount
Curve RatesScenarioCurve.cookScenarioDC RatesAnalyti
Scenario RatesScenarioCurve.cookCustomDC ProductTest
Generation
Credit Curve _ _ ) _ _
) CreditScenarioCurve.cookScenarioCC CreditAnalytic
Scenario _ _
_ CreditScenarioCurve.cookCustomCC ProductTest
Generation
DiscountCurve.createRateShiftedParallelCurve
Discount DiscountCurve.createBasisRateShiftedCurve RatesAnalytic
Curve Usage DiscountCurve.getDF ProductTest
DiscountCurve.calcimpliedRate
_ CreditCurve.createParallelHazardShiftedCurve _ _
Credit Curve _ _ _ CreditAnalytic
CreditCurve.createFlatCurgreditCurve.getSurvival
Usage ProductTest

CreditCurve.calcHazard
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CreditCurve.getRecovery

FXBasisCurve.getFullFXFwd

FX Curve FXForwardCurve.getFullBasis EXAP]
Usage FXForwardCurve.bootstrapBasis
EXForwardCurve.bootstrapBasisDC
Component )
RatesAnalytic
Market :
_ BondAnalytic
Parameters | ComponentMarketParamsBuilder.CreateComponentMaakatis _
o CDSAnalytic
definition
, ProductTest
and creation
Basket
Market BondBaske
Parameters BasketMarketParamsBuilder.CreateBasketMarketParams CDSBasket
definition ProductTest
and creation
Cash Product )
o RatesAnalyti
pricing and CashComponent.value
_ ProductTest
risk
Euro-dollar
Future RatesAnalyti
o EDFComponent.value
pricing and ProductTest
risk
Interest Rate )
o RatesAnalyti
Swap pricing IRSComponent.value
: ProductTest
and risk
CDS pricing CreditAnalytic
_ CDSComponent.value
and risk ProductTest
Bond pricing BondAnalytic
_ BondComponent.value
and risk ProductTest
Bond RV Bond.calc<<TO>>From<<FROM>> e.g., _
_ ] ] BondAnalytic
Analytical Bond.calcPriceFromYield
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measures Bond.standardMeasures
calculation CreditAnalytics.Bond<<TO>>From<<FROM>>
FX Forward
FXForward.value
Contact _
o FXForward.implyFXForward FXAPI
pricing and )
_ FXForward.calcDCBasis
risk
CDS Basket
.~ CDSBasket
pricing and CDSBasket.value
: ProductTest
risk
Bond Basket
- BondBaske:
pricing and BondBasket.value
_ ProductTest
risk
RatesAnalyti
Product cash Component.getCouponPeriod CreditAnalytic
flow display BasketProduct.getCouponPeriod BondAnalytic
ProductTest

Vendor Pricing Functionality Illustration Files

BloombergCDSW: lllustrates the reproduction of the CDSW comman#&lobmberg.

It takes inputs of the different Bloomberg curvel @noduct fields precisely as in CDSW,

builds the curves, and generates the product mesasur
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| nstallation and Deployment Notes

Installation is really simple just drop of eachtleé jars CreditProductCreditAnalytics

andRegressionSuijdn the class-path.

Configuration is done off of the configuration &leorresponding to each of the libraries.
For most typical set-ups, the standard configunasizould suffice. Please consult the

configuration documentation on each of the libat@configure each of the modules.

Because there is no other dependency, deploymeuatdshlso be straightforward. Use

the regression output as a guide for module capasttimation.
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