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Chapter 1

Getting started

1.1 Introduction

QuantLib (http://quantlib.org/)is a C++ library for financial quantitative analysts and devel-
opers.

QuantLib is Non-Copylefted Free Software released under the modified BSD License. It is also
OSI Certified Open Source Software. OSI Certified is a certification mark of the Open Source
Initiative.

QuantLib is free software and you are allowed to use, copy, modify, merge, publish, distribute,
and/or sell copies of it under the conditions stated in the QuantLib License.

QuantLib and its documentation are distributed in the hope that they will be useful, but WITH-
OUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the QuantLib License for more details.

1.1.1 Disclaimer

At this time, this documentation is widely incomplete and must be regarded as a work in progress.
Contributions are welcome.


http://quantlib.org/

2 Getting started

1.2 Project overview

The QuantLib project is at this time in beta status.
The following list is a (possibly outdated) overview of the existing code base.

The QuantLib-users and QuantLib-dev mailing lists are the preferred forum for proposals,
suggestions and contributions regarding the future development of the library.

Date, calendars, and day count conventions

e Date class.

o Weekday, month, frequency, time unit enumerations.

e Period class (eg. 1y, 30d, 2m, etc.)

e IMM calculation.

e More than 30 business calendars.

e NullCalendar (no holidays) for theoretical calculations.

e Joint calendars made up as holiday union or intersection of base calendars.

e Rolling conventions: Preceding, ModifiedPreceding, Following, ModifiedFollowing,
MonthEndReference.

e Schedule class for date stream generation.

e Day count conventions: Actual360, Actual365Fixed, ActualActual (Bond, ISDA, AFB),
30/360 (US, European, Italian), 1/1.

To do:

o Differentiate more calendars depending on country or exchange, instead of city.

e enable business day calculation in addition to calendar days calculation in Day-
Counter::daycount(). See DayTypeEnum in FpML.

Math

e Linear, log-linear, and cubic spline interpolation.

e Primitive, first and second derivative functions of cubic and linear interpolators.

e Cubic spline end conditions: first derivative value, second derivative value, not-a-knot.
e Monotone cubic spline with Hyman non-restrictive filter.

e Bicubic spline and bilinear interpolations.

e N-dimensional cubic spline interpolation.

e Normal and cumulative normal distributions.

e Inverse cumulative normal distribution: Moro and Acklam approximations.

e Bivariate cumulative normal distribution.

e Binomial coefficients, binomial distribution, cumulative binomial distribution, and Peizer-
Pratt inversion (method 2.)
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e Chi square and non-central chi square distributions.

o Beta functions.

e Poisson and cumulative Poisson distributions.

¢ Incomplete gamma functions.

e Gamma distribution.

e Factorials.

o Integration algorithms: segment, trapezoid, mid-point trapezoid, Simpson, Gauss-Kronrod.
e Error function.

e General 1-D statistics: mean, variance, standard deviation, skewness, kurtosis, error esti-
mation, min, max.

e Multi-dimensional (sequence) statistics: all the 1-D methods plus covariance, correlation,
L2-discrepancy calculation, etc.

e Risk measures for Gaussian and empirical distributions: semi-variance, regret, percentile,
top percentile, value-at-risk, upside potential, shorfall, average shorfall, expected shortfall.

e Array and matrix classes for algebra.

e Singular value decomposition.

e Eigenvalues, eigenvectors for symmetric matrices.
e Cholesky decomposition.

e Schur decomposition.

e Spectral rank-reduced square root, spectral pseudo-square root.
To do:

e Periodic and Lagrange end conditions for cubic spline.

e Implement convexity-preserving filter for cubic spline.

e Log-linear interpolator primitive, first and second derivative functions.
e Revise end conditions for bicubic and N-dimensional spline.

o Trivariate and multi-variate distribution, see Genz, A. (1992) ‘Numerical Computation of
the Multivariate Normal Probabilities’, ]. Comput. Graph. Stat. 1, pp. 141-150.

e Hypersphere decomposition, Higham algorithm for pseudo-square root.
e interface with GALib (genetic algorithm)
e Add COOOL algorithms

e Histogram class
1-dimensional solvers

e Bisection, false position, Newton, bounded Newton, Ridder, secant, Brent.
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4 Getting started

To do:
e Clean up the interface so that it is clear whether the accuracy is specified for x or f(x).
Optimization

o Conjugate gradient, simplex, steepest descent, line search, Armijo line search, least squares.

o Constrained (positive, boundary, etc.) and unconstrained optimization
Random-number generation

e Uniform pseudo-random sequences: Knuth, L’Ecuyer, Mersenne twister.

e Uniform quasi-random (low-discrepancy) sequences: Halton, Faure, Sobol up to dimension
21,200 (8,129,334 if you really want) with unit, Jackel, Bradley-Fox, and Lemieux-Cieslak-
Luttmer initialization numbers.

e Randomized quasi-random sequences (in progress)
e Randomized (shifted) low-discrepancy sequences.
e Primitive polynomials modulo 2 up to dimension 18 (available up to dimension 27)

e Gaussian random numbers from uniform random numbers using different algorithms:
central limit theorem, Box-Muller, inverse cumulative (Moro and Acklam algorithms)

Patterns
e Bridge, composite, lazy object, observer/observable, singleton, strategy, visitor.
Finite differences

e Mixed theta, implicit, explicit, and Crank-Nicolson 1-dimensional schemes.
e Differential operators: Dy, D, D_, D,D_.

e Shout, Bermudan and American exercises.
To do:

e Richardson extrapolation

e Introduce variable theta schemes.

e Introduce multi time-level schemes.

e Enable different solvers (SOR, etc.)

e Extend to time-dependant parameters.
e Extend to local volatility.

e Two-dimension schemes.

e Improve boundary conditions.

e Use Discretised Asset instead of array?
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Use TimeGrid

Use assetGrid

Handle barrier specification

Handle variable asset step size

Check (and improve) vega, rho, dividendRho greeks, solving their own equations
Lattices

e Binomial trees: Cox-Ross-Rubinstein, Jarrow-Rudd, additive equiprobabilities, Trigeorgis,
Tian, Leisen-Reimer.

e Trinomial (interest-rate) tree.
e Discretized asset.

e Richardson extrapolation
To do:

e Merge finite differences with the lattice framework. Use same rollback scheme.
e Trinomial trees
e Implied trinomial trees

e Calculate binomial tree greeks
Monte Carlo

e One-factor and multi-factor path classes.

Path-generator classes: incremental and Brownian-bridge one-factor path generation, in-
cremental multi-factor path generation.

General-purpose Monte Carlo model based on traits for path samples.

Antithetic variance-reduction technique.

Control variate technique.
To do:

e Greeks calculation.

o Allow easier selection between Incremental/BrownianBridge path generation.

Review Monte Carlo engine for american options.

Review multi-factor Monte Carlo simulation.

Predictor-corrector scheme.

o Add Milstein scheme.

Add Martingale control variate.
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Batch samples as N=n_batches*batch_size, and exploit it for randomized low discrepancy
sequences (RQMC)

Pricing engines

Analytic Black formula (plus greeks) for different payoffs.

Analytic formula for American-style digital options with payoff at expiry.
Analytic formula for American-style digital options with payoff at hit.
Monte Carlo simulation base engine.

Lattice short rate model base engine.

Engines for options described by "vanilla" set of parameters: analytic digital American, ana-
lytic discrete-dividend European, analytic European, Barone-Adesi and Whaley approxima-
tion for American, Ju approximation for American, binomial (Cox-Ross-Rubinstein, Jarrow-
Rudd, additive equiprobabilities, Trigeorgis, Tian, Leisen-Reimer), Bjerksund and Stens-
land approximation for American, integral European, Merton 76 jump-diffusion, Monte
Carlo digital, Monte Carlo European, Bates and Heston models, finite-difference European,
Bermudan and American.

Engines for options described by "barrier" set of parameters: analytic down/up in/out,
Monte Carlo down/up in/out

Engines for Asian options: analytic discrete geometric average-price, analytic continuous
geometric average-price, Monte Carlo discrete arithmetic average-price, Monte Carlo dis-
crete geometric average-price.

Engines for options described by "cliquet” set of parameters: analytic, analytic performance.
Forward and forward-performance compound engines.

Quanto compound engine.

Quanto-forward and Quanto-forward-performance compound engines.

Basket engine: analytic Stulz engine for max/min on two assets, Monte Carlo engine (in
progress).

Black model base class for vanilla interest rate derivatives
Cap/floor pricing engines: analytic Black model, analytic affine models, tree based engine.

Swaption pricing engines: analytic Black model, analytic affine models (Jamshidian), tree
based engine.

To do:

Add the trigger level Touch/NoTouch specification for American-style digitals.

More vanilla engines: Roll-Geske-Whaley American Call, Geske-Johnson American Put,
finite differences, Edgeworth expansion binomial tree, etc.

Merge NesQuant SJD engine (http://www.nielses.dk/quantlib/nesquant/)
Continuous geometric average-strike.

Ensure all path-dependent options allow for evaluation with collected past observations.
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Define dividendRho for discrete dividends.

Pricers

Cliquet option

Analytic discrete geometric average-price option (European exercise).
Analytic discrete geometric average-strike option (European exercise).
Monte Carlo cliquet option.

Monte Carlo discrete arithmetic average-price option.

Monte Carlo discrete arithmetic average-strike option.

Monte Carlo Everest option.

Monte Carlo Himalaya option.

Monte Carlo max basket option.

Monte Carlo pagoda option.

Monte Carlo forward performance option.

Financial Instruments

Instrument base class: npv(), isExpired(), etc.
Interest-rate swap: simple, normal.
Swaption.

Cap/floor.

Fixed-rate coupon bond.

Stock.

One-asset option base class.

Asian option.

Barrier option.

Cliquet option.

Forward vanilla option.

Quanto vanilla option.
Quanto-forward vanilla option.
Vanilla option.

Multi-asset option base class.

Basket option.

To do:
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8 Getting started

e Forward (stock) and FRA (forward-rate agreement).

e More bonds.
Yield term structures

e Term structure common interface.

o Term structure classes based on discount, zero, or forward underlying description.
e Term structure based on linear interpolation of zero yields.

e Term structure based on log-linear interpolation of discounts.

e Term structure based on constant flat forward.

e Term structure based on piecewise-constant flat forwards with libor-futures-swap boot-
strapping algorithm.

e Spreaded term structures.

e Forward-date implied term structure.
To do:

e Future convexity adjustment

e End of year effect
Volatility

o Interface for cap/floor Black volatility term structures (unstable).
o Interface for swaption Black volatility term structures (unstable).

o Interface for equity Black volatility term structures based on volatility or variance underlying
description: constant, time-dependant curve, time-strike surface, forward date implied term
structure.

e Interface for equity local volatility term structures: constant, time-dependant curve, time-
asset level surface (Gatheral’s formula).

To do:
e Fix implementation of Gatheral’s formula for local volatility.
Short rate models

e Single factor models: Hull-White, Black-Karasinski, Vasichek (untested), CIR (untested),
Extended CIR (untested).

e Two factor models: G2 (untested).

Credit derivatives

To do:

e everything.
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Test suite

Implemented by means of the Boost unit-test framework. More than 210 automated tests. An
automatically-generated list is available in chapter 11.

To do:

e Add covariance/correlation test for SequenceStatistics.

e Increase coverage.
Miscellanea

¢ Index classes for handling of fixed-income libor indexes (fixings, forecasting, etc.)
e Cash-flow class.

e Currency class and enumeration.

e Money class with automatic exchange-rate capabilities.

e Output data formatters: long integers, Ordinal numerals, power of two, exponential, fixed
digit, sequences, dates, etc.

e Input data parsers.

e Error classes and error handling.

e Exercise classes: European, Bermudan, American

e Payoff classes: plain, gap, asset-or-nothing, cash-or-nothing

e Grid classes for handling of equally and unequally spaced grids.
e History class for handling of historical data.

e Quote class for mutable data.

e Null types.

e User-configurable flag to disable usage of deprecated classes.
To do:

e Implement currency as per OMG definition
Documentation

e Documentation automatically generated with Doxygen (html, PDF, ps, WinHelp, man
pages)

To do:

e Add a "Getting started" page to the site
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1.3 Where to get QuantLib

1.3.1 QuantLib releases

Source code, documentation, modules, etc. of current and previous QuantLib releases can be
downloaded from http://quantlib.org/download.shtml

1.3.2 Current CVS snapshot

Instructions for anonymous CVS access are available at http://quantlib.org/cvs.shtml

Access to the CVS repository is intended mainly for developers and is not recommended to end
users which should download the latest stable release instead.
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1.4 Installation

Before installing QuantLib, make sure that you have a working Boost installation; see
http://www.boost.org/more/getting_started.html for instructions. Boost 1.31 or later is re-
quired; Boost 1.33 is suggested.

1.4.1 Linux/Unix/Mac OS X/Cygwin

A tarball of the source distribution is available from
http://quantlib.org/download. shtml

After uncompressing the sources:

1. ‘cd’ to the QuantLib directory and type ‘./configure” to configure the package for your
system; see the User configuration section for configuration options.

2. Type ‘make’ to compile the package.

3. Type ‘make install’ to install the library. This might require administrative privileges.

1.4.2 Win32

An installer for the source distribution is available at
http://quantlib.org/download. shtml

Before compiling the library, you might want to edit the file "ql/userconfig.hpp"; see the User
configuration section for details.

Visual C++ 6.0/7.1/8.0 projects files are supplied for building the library.
Dev-C++ project files are provided in order to make easier the usage of Mingw/GCC under Win32.

If you use Borland command line compiler (5.5.1) the make options are: -D_DEBUG (debug),
-D_RTLDLL (dynamic linking of runtime library), -D_MT__ (multi-thread) as in:

make all
make -D_DEBUG all
make -D__ MT__ -D_RTLDLL -D_DEBUG all

or any other combination of options.
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1.5 User configuration

A number of macros is provided for user configuration. Defining or undefining such macros
triggers variations in some library functionality.

Under a Linux/Unix system, they are (un)set by configure; run

./configure --help

for a list of corresponding command-line options.

Under a Windows system, they must be (un)defined by editing the file <ql/userconfig.hpp> and
commenting or uncommenting the relevant lines.

Such macros include:

#define QL_ERROR_FUNCTIONS

If defined, function information is added to the error messages thrown by the library. Undefined
by default.

#define QL_ERROR_LINES

If defined, file and line information is added to the error messages thrown by the library. Unde-
fined by default.

#define QL_ENABLE_TRACING

If enabled, tracing messages might be emitted by the library depending on run-time settings.
Enabling this option can degrade performance. Undefined by default.

#define QL_NEGATIVE_RATES

If defined, negative yield rates are allowed in a few places where they are currently forbidden. It
is still not clear whether this is safe. Undefined by default.

#define QL_EXTRA_SAFETY_CHECKS

If defined, extra run-time checks are added to a few functions. This can prevent their inlining and
degrade performance. Undefined by default.

#define QL_TODAYS_PAYMENTS

If undefined (the default,) payments are considered to be settled at the beginning of the day.
Therefore, payments occurring at today’s date are not included in the NPV of an instrument.

#define QL_DISABLE_DEPRECATED
If defined, deprecated code will not be included in the library. Undefined by default.

#define QL_USE_INDEXED_COUPON
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If defined, indexed coupons (see the documentation) are used in floating legs. If undefined (the
default), par coupons are used.

#define QL_ENABLE_SESSIONS

If defined, singletons will return different instances for different sessions. You will have to
provide and link with the library a sessionld() function in namespace QuantLib, returning a
different session id for each session.

Generated on Thu Nov 2 18:19:48 2006 for QuantLib by Doxygen



14 Getting started

1.6 Usage

To use QuantLib classes in your own code just add

#include <ql/quantlib.hpp>

at the beginning of your source/header files. Depending on the number of your files in your
project, this could cause a large increase in compilation time. If this were not acceptable, collective
headers are also available for smaller parts of the library; in particular, each subdirectory of the q1
directory contains a file all.hpp which makes available all classes and function in the respective
subdirectory.

Under the Examples folder you can find examples of QuantLib usage, including input files for
automake and makefiles for the Borland free compiler and Microsoft Visual C++. For the latter,
project files are also available.

1.6.1 Microsoft Visual C++
A few suggestions for Visual C++ users wanting to use QuantLib into their own application:

1. you won't have to explicitly link your application to the QuantLib library. This is done
automatically by compiler directives embedded in the sources.

2. Your project must be compiled with the same options that were used in compiling the
QuantLib library you're linking with. For VC6 please

a) select the appropriate run-time library under project settings, "C/C++" tab, "Code Generation",
b) check the "Use RTTI" option under the "C++ Language" category.
For VC7 (.NET) under

a) Property Pages -> C/C++ -> Code Generation -> Runtime Library: please select the appropriate
run-time library.

b) Property Pages -> C/C++ -> Code Generation -> Basic Runtime Checks: please select "Both
(/RTC1, equiv. to /RTCsu)".
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1.7 Frequently asked questions

Generic questions

e Isit OK to email a QuantLib developer?
e How should I report a bug?

e How can I give back to this project?
Contributing to the project

e I'm interested in getting involved with the project.

e How do I contribute code to the project?
Building QuantLib

e I'm having trouble building QuantLib with MinGW.

e I get an error when trying to compile QuantLib in the Dev-C++ IDE.

I get a compile error about a missing boost header.
e I encounter a linking error about a boost library.
e I encounter a number of compile errors when building the test-suite.

e I'm having trouble building QuantLib with the Sun Studio 11 compiler.
Testing QuantLib

e The QuantLib test-suite fails under Mac OS X.
Using QuantLib

e [ encounter a linking error under Visual C++.

e QuantLib fails to run correctly under Mac OS X.
QuantLib features

e Why is feature X missing from QuantLib?
QuantLib features

e I'm having trouble building/using QuantLibAddin.
QuantLib mailing lists

e How do I start a new topic?

e How do I prevent my auto-responder from posting to the list?
QuantLib cross-platform support/extensions

e Does QuantLib support .NET?
e Does QuantLib support FpML? Serialization?
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1.7.1 Generic questions

Is it OK to email a QuantLib developer to ask questions, or seek help, or report a bug?

Yes, it is. However, we urge you to consider posting to the QuantLib mailing list instead. This is
for two reasons. The first is that messages on the list are stored: the next one with your problem
will be able to find the answer by searching the archives. The second is that you might get your
answer sooner. For instance, it just so happens that I am writing this entry in the middle of a
two-weeks period without an Internet connection. If anybody wrote me last Monday, the poor
soul will wait two weeks for an answer which could have been given already by someone else on
the list.

However, if your intent in writing was to call the developer names, disregard the above. By all
means write personally to the developer. And possibly, add the line:

X-Bogosity: Yes

to the mail headers, so that our filters—I mean, WE can take immediate care of it.
How should I report a bug?

You can file a bug report using the  SourceForge  interface  at
<http://sourceforge.net/tracker/?group_id=12740&atid=112740>, or you could write
to a QuantLib mailing list.

In any case please report as much details as possible.

If it is a compilation problem please state at least:

e OS system
e compiler (version number, patch level, etc.)
e Boost version

o the compilation error and the file affected

If the test suite fails please report the output obtained by executing the test suite with the following
command line options:

--log_level=messages --build_info=yes --result_code=no --report_level=short

Thanks for this project. How can I give back to it?

In true open-source fashion, you can contribute code to the project; see the section "Contributing
to the project’ below. This is by far the preferred contribution, closely followed by using the
library intensively and reporting any bugs you might find—and possibly patches for fixing them.

However, if you made money by using QuantLib and feel that, as Christmas is
getting near, you want to give us a token of your gratitude—well, who am I
to discourage you? (for instance, < grin > Luigi’s wish list on Amazon UK is
at <http://www.amazon.co.uk/exec/obidos/registry/2PC411P4U28CG/ref=wl_em_to>, and
Nando’s is at <http://www.amazon.co.uk/exec/obidos/registry/Q94W7HUR49Z5/ref=wl_-
em_to>.)

Amazon Wish List? Aren’t you ashamed of yourselves?

< broad grin > No, we aren’t.
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1.7.2 Contributing to the project

I'm interested in getting involved with the project. What should I do?

Contact the QuantLib group by posting to the developers’ mailing list
(<quantlib-dev@lists.sourceforge.net>) and describe your experience and interests.
Before doing this, please read:

e the genericintroduction for new developers <http://quantlib.org/newdeveloper.shtml>

o the project overview <http://quantlib.org/reference/overview.html>, with its to-do
suggestions

e the Developer FAQ <http://quantlib.org/developerFAQ.shtml>
o The Programming Style Guidelines <http://quantlib.org/style.shtml>

e the detailed low-level to-do list <http://quantlib.org/reference/todo.html>

Also, you might want to specify an area of the library you are particularly interested to, or which
would be most useful to you. Asking the administrators to choose a task for you is ok, but it
might take time to get an answer and it increases the odds that the chosen task will bore you or
otherwise discourage you from completing it.

How do I contribute code to the project?

First of all, make sure that contributing code on your part cannot result in litigation about intel-
lectual property. If you work at some financial institution, ask for permission before contributing
any relevant portion of code—and get a statement in print.

As for the mechanics of contribution, the preferred way is to submit a patch to the SourceForge
patch tracker at <http://sourceforge.net/tracker/?group_id=12740&atid=312740>. This
will make it less likely that your files are forgotten in the depths of a developer’s mailbox.

The preferred format is a diff file as created by the ‘patch’ utility. If possible, send differences
against the CVS repository; diff files based on the latest release might not apply to the latest
sources.

If ‘patch’ is not available on your system or you are not familiar with it, submit the modified files.
However, keep in mind that integrating such a contribution will require more work and therefore
will take longer.

Finally, contributions should be accompanied by one or more test cases checking the functionality
of the new code. While this is not a strict requirement, complying with it will buy from the
developers a lot more sympathy towards your contribution.

1.7.3 Building QuantLib

I'm having trouble building QuantLib with MinGW.

Terry August was kind enough to put together detailed instructions for MinGW users. They can
be found at <http://www.stanford.edu/~taugust/quantlib.html>.

When trying to compile QuantLib in the Dev-C++ IDE, I get an error saying that "Could not
create makefile: C:\...\Makefile.win"

The message is misleading. Close the IDE, create an empty sub-directory named "build" in the
same directory as the Dev-C++ project, and retry.
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Also, a user reported that this was necessary but not sufficient. His workaround was to change
the relative paths in Project Options / Build Options to absolute paths (e.g., ".\lib" to "C:\Quant-
Lib-0.3.11\lib").

When building QuantLib, I get a compile error about a missing boost/something header.

As mentioned in the readme, QuantLib depends on the Boost library (http://www.boost.org).
You must download and install it before building QuantLib. After installation, you might have
to setup your IDE so that the Boost headers are in its include path.

When building the test-suite, I encounter a linking error about libboost_unit_test_framework-
XXX.

The folder including the Boost libraries in not in your link path. See the documentation of your
compiler for instructions on how to add it.

But I have no such library on my machine!

Most likely, you downloaded the Boost distribution and just copied its header files
somewhere in your include path.  The Boost libraries must be built as well; see
http://www.boost.org/more/getting_started.html for instructions.

Ok, now I have the library; and the library path is set correctly. But I still cannot link!

You're using Dev-C++ or MinGW, aren’t you? gcc is looking for a library called libboost_unit_-
test_framework-xxx.a, but the Boost installation process created a libboost_unit_test_framework-
xxx.lib instead. Make a copy of the latter in the same location and rename the copy so that it has
the correct extension.

When building the test-suite, I encounter a number of compile errors. I'm using gcc and Boost
1.32.

This is a Boost problem; you have to apply a one-line patch to your Boost installation. Open
boost/test/detail/wrap_stringstream.hpp and edit line 120,

#if !defined(BOOST_NO_STD_LOCALE) && BOOST_WORKAROUND(BOOST_MSVC, >= 1310)

so that it reads like:

#if !defined(BOOST_NO_STD_LOCALE) && ( !defined(BOOST_MSVC) || BOOST_WORKAROUND(BOOST_MSVC, >= 1310))

Also, this problem has been worked around in QuantLib itself since version 0.3.10. You might
want to upgrade your QuantLib installation.

I'm having trouble building QuantLib with the Sun Studio 11 compiler.

If the error you're getting resembles to

>> Assertion: (../Ink/init.cc, line 1032)
while processing ../../ql/history.hpp at line 135.
Error code 1

you need to patch your compiler. Sun makes the needed patches available at
<http://developers.sun.com/prodtech/cc/downloads/patches/ssll_patches.html>; you
need the ones labeled as "Compilers back-end" and "C++".

1.7.4 Testing QuantLib

The QuantLib test-suite fails when compiling under Mac OS X.
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We are aware of the problem; apparently, there are issues with global and/or static variables
when using shared libraries. As a workaround, compile QuantLib as a static library. This can be
accomplished by running configure as:

configure --disable-shared

1.7.5 Using QuantLib

When linking QuantLib to my project under Visual C++, I encounter the following linking
error:

LINK : fatal error LNK1104: cannot open file "QuantLib-vcX-xx-xxx-a_b_c.lib"

The folder including QuantLib-vcX-xx-xxx-a_b_c.lib is not in your link path (see Project Settings
| Link | Input in VC6 or Property Pages | Linker | Input in VC7) or you haven't really built Quant-
Lib-vcX-xx-xxx-a_b_c.lib yet. Note that each build configuration produces a different library.

Programs linking QuantLib fail to run correctly under Mac OS X.

This is the same problem reported in the "Testing QuantLib’ section; the same workaround applies.

1.7.6 QuantLib features

Why is feature X missing from QuantLib? It would be a very useful one.

See the section "Contributing to the project” above.

1.7.7 QuantLib features

I'm having trouble building/using QuantLibAddin.
The QuantLibAddin projecthasits own FAQ; see <http://quantlib.org/quantlibaddin/faq.html>.

1.7.8 QuantLib mailing lists

How do I start a new topic?

Use the "New message" command on your mail client; do not reply to another post and change
the subject. Although seemingly more convenient for you, replying will cause your message to
appear in the wrong thread in the mailing list archive, in the newsgroup interface at Gmane, and
in mail clients that support threads. This brings a whole lot of inconvenience on a number of
people—possibly including you, as your message might be overlooked by people not interested
in the original topic.

How do I prevent my auto-responder from posting to the list while I'm away?

It might be possible to configure the auto-responder so that it ignores posts to the mailing list.
However, this depends on the particular software you are using.

If that is not possible, you can temporarily prevent the list from posting to your account. It is a
bit more of a hassle, but the other list members will appreciate.

Go to your mailing-list configuration page (its direct address
is sent to you  monthly by  SourceForge; alternatively, go to
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<http://lists.sourceforge.net/lists/listinfo/quantlib-users> and insert your mail
address in the last form in the page.)

From there you can enable the "Disable mail delivery" option, causing the posts to the list not to
be forwarded to your account.

The mail delivery can be re-enabled later in the same way; you'll have to check the list archives at
<http://sourceforge.net/mailarchive/forum.php?forum=quantlib-users> to catch up on
the posts you missed.

1.7.9 QuantLib cross-platform support/extensions

Does QuantLib support .NET?

Ct# has never been officially supported by the QuantLib team. Both <http://www.quantlib.net>
and <http://www.capetools.net> have been "external" attempts which now look like aban-
doned projects. As such nobody but their authors could help you.

Does QuantLib support FpML? Serialization?

Not yet. The subject has been discussed in the mailing lists and a high level design was sketched
out:

6-Feb-2005
9-Feb-2005
9-Feb-2005
9-Feb-2005
27-Feb-2005

No further work has been done and help is needed in this area. The next step would be to
formalize and document the proposed design, perhaps as a QUEP.
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1.8 Version history

Release 0.3.14 - November 2006
PORTABILITY

e Version 0.3.14 is the last QuantLib release to support the Borland free compiler 5.5 and
Microsoft Visual C++ 6.0. If you use one of these compilers and want support to continue,
you can volunteer for maintaining the necessary patches: contact the QuantLib developers
for information.

LIBOR MARKET MODEL

e This release includes an experimental implementation of a Libor market model developed
with Mark Joshi. The interface and its integration with the bulk of the library are still in
development.

CURRENCIES
e Added Romanian new lev.

DATES, CALENDARS, AND DAY COUNTERS

e Added all serial 3M IMM futures (thanks to Toyin Akin.)
e Reworked the Schedule class so that it follows market conventions more closely.

o Added business/252 day-count convention (thanks to Piter Dias.)
INTEREST RATES

e Added base swap-rate class and a number of actual swap rates.

e Added constant-maturity swap coupons (including convexity adjustment.)
INSTRUMENTS

o Added asset swaps.
e Added face amount to bonds (defaulting to 100.)

MATH
e Added hypersphere and lower-diagonal salvaging algorithms (thanks to Yiping Chen.)
PRICING ENGINES

o Added Longstaff-Schwartz Monte-Carlo algorithm for American/Bermudan equity options
with deterministic interest rates.

TERM STRUCTURE

e Added piecewise-spreaded yield curve (thanks to Roland Lichters.)

Generated on Thu Nov 2 18:19:48 2006 for QuantLib by Doxygen



22 Getting started

Release 0.3.13 - July 31st, 2006
CALENDARS

e Added NERC calendar (thanks to Joe Byers.)

INSTRUMENTS AND PRICING ENGINES

Added continuous fixed and floating lookback options (thanks to Warren Chou.)

Added FRA and forward fixed-coupon bonds; examples provided (thanks to Allen Kuo.)

Added variance swaps (thanks to Warren Chou.)

Added composite instrument; example provided.

Added cash-settled swaption pricing in Black swaption engine; test provided.

Added discrete dividends and soft callability to convertible bonds.
INTEREST RATES

e Fixed business-day conventions for Euribor and LIBOR indices (following below one month,
month-end from one month onwards.)

MODELS

e Added more complex market parameterizations and performance improvements for Libor
market model (thanks to Klaus Spanderen.)

PROCESSES

e Renamed BlackScholedProcess to GeneralizedBlackScholedProcess; specialized classes
added for Black-Scholes, Merton, Black and Garman-Kohlhagen processes.

o Added Hull-White and G2 processes for Monte Carlo simulation (thanks to Banca Profilo.)
RANDOM NUMBERS

e Added possibility to skip directly to the n-th item in a Sobol sequence (thanks to Richard
Gould.)

MATH

e Added SABR interpolation for volatilities.

e Added general linear least-squares regression (thanks to Klaus Spanderen.)

Release 0.3.12 - March 27th, 2006
CALENDARS

e Added Brazilian calendar (thanks to Piter Dias.)

e Added Argentinian, Icelandic, Indonesian, Mexican, and Ukrainian calendars.
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INSTRUMENTS AND PRICING ENGINES

e Added convertible bonds (thanks to Theo Boafo.)
e The cash flows returned by the Bond::cashflows method now include the redemption.

e SimpleSwap can now be set an engine. If none is set, the old cash-flow-based calculation is
used.

o Generalized McVanillaEngine so that it can manage n-dimensional processes; it now sub-
sumes McHestonEngine.

e Added pricing of Bermudan options on binomial trees (thanks to Enrico Michelotti.)
e Separated accrual and payment conventions for bonds.

e Modified basis-point sensitivity calculation so that it returns the cash variation for a basis-
point change in rate (it used to return the figure to be multiplied by the variation in order
to obtain the same result.)

MODELS

o Added weights to short-rate model calibration (thanks to Enrico Michelotti.)

e Added Libor market model (thanks to Klaus Spanderen.)
OPTIMIZATION

e Added Levenberg-Marquardt optimization method (thanks to Klaus Spanderen.)
EXAMPLES

e Merged American and European option examples; added Bermudan option.

e Added convertible-bond example (thanks to Theo Boafo.)

Release 0.3.11 - October 20th, 2005
GLOBAL FEATURES

e Added configuration option for adding current function information to error messages.

¢ Added hook for multiple sessions to Singleton.
CALENDARS

e Added Bombay and Taipei calendars.
CURRENCIES

e Added new Turkish lira.
INDEXES

e More accurate LIBOR calendars (thanks to Daniele de Francesco.)
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e Added DKKLibor, EURLibor, and NZDLibor indexes.
e Added TRLibor index (thanks to Sercan Atalik.)

PRICING ENGINES

e Added Bates stochastic-volatility model; tests provided (thanks to Klaus Spanderen.)

e Added vega to analytic discrete-averaging Asian engine; test provided (thanks to Gary
Kennedy:.)

e Added stochastic process for caplet Libor market model; tests provided (thanks to Klaus
Spanderen.)

TERM STRUCTURES
e Added fixed-coupon bond helper for curve bootstrapping (thanks to Toyin Akin.)
MATH

e Added tabulated Gauss-Legendre quadratures (thanks to Gary Kennedy:.)

e Added more precise implementation of bivariate cumulative normal distribution (thanks
to Gary Kennedy:.)

Release 0.3.10 - July 14th, 2005
GLOBAL FEATURES

o The suggested syntax for setting and registering with the global evaluation date is now:

Settings::instance().evaluationDate() = date;
registerWith(Settings::instance().evaluationDate());

CALENDARS

e Istanbul calendar added (thanks to Serkan Atalik.)
LATTICE FRAMEWORK

e Faster implementation of binomial and trinomial trees.
MONTE CARLO FRAMEWORK

e Added generic multi-dimensional stochastic process.
e Added stochastic process array (thanks to Klaus Spanderen.)
e Multi-path generator now takes a generic stochastic process; tests provided.

e New Path class implemented which stores asset values rather than variations; this makes
pricers independent on whether or not log-variations were calculated. The new class is
enabled when QL_DISABLE_DEPRECATED is defined; the old class is used otherwise.

INSTRUMENTS
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e Multi-asset option now takes a generic stochastic process.
MODELS

e Added Heston stochastic-volatility model; tests provided (thanks to Klaus Spanderen.)
Provided code include:

- a corresponding stochastic process;
— analytic and Monte Carlo option-pricing engines;

— parameter calibration.
CASH FLOWS

e Cash-flow analyses such as NPV, IRR, convexity and duration added (thanks to Charles
Whitmore.)

MATH

¢ Added Gaussian orthogonal polynomials and Gaussian quadratures; tests provided (thanks
to Klaus Spanderen.)

e Convergence statistics added; tests provided (thanks to Gary Kennedy.)

Release 0.3.9 - May 2nd, 2005
GLOBAL FEATURES

o QL_SQRT, QL_MIN etc. deprecated in favor of std::sqrt, std::min...
e Added a tentative tracing facility to ease debugging.

e Formatters deprecated in favor of output manipulators. A number of data types can now
be sent directly to output streams.

e Stream-based implementation of QL_REQUIRE, QL_TRACE and similar macros. Together
with manipulators, this allows one to write simpler error messages, as in:

QL_FAIL("forward at date " << d << " is " << io::rate(f));
INSTRUMENTS

e Improved Bond class
— yield-related calculation can be performed with either compounded or continuous
compounding;
- added theoretical price based on discount curve;
- fixed-rate coupon bonds can define different rates for each coupon;
- added zero-coupon and floating-rate bonds (thanks to StatPro.)
e Option instruments now take a generic StochasticProcess; however, most pricing engines
still require a BlackScholesProcess. They should be checked to see whether the requirement

can be relaxed. Following this change, Merton76Process no longer inherits from Black-
ScholesProcess. This avoids erroneous upcasts.
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e Partial fix for Bermudan swaptions with exercise lag (thanks to Luca Berardi for the report
and discussion.)

e Fix for analytic cap/floor engine; caplets/floorlets whose fixing is in the past are now calcu-
lated correctly (thanks to Aurelien Chanudet.)

CALENDARS

e Added Bratislava and Prague calendars.
INDICES

e Fixed calendars for LIBOR fixings (thanks to Daniele De Francesco.)
FINITE_DIFFERENCES FRAMEWORK

e Migrated finite-difference pricers to pricing-engine framework (thanks to Joseph Wang.)
YIELD TERM STRUCTURES

o Added generic piecewise yield term structure. Client code can choose what to interpolate
(discounts, zero yields, forwards) and how (linear, log-linear, flat) by instantiating types
such as:

PiecewiseYieldCurve<Discount,LogLinear>
PiecewiseYieldCurve<ZeroYield,Linear>
PiecewiseYieldCurve<ForwardRate,Linear>

o Interpolated discount, zero-yield and forward-rate curves can now be set any interpolation.
e FlatForward can now take rates with compounding other than continuous.

e Fix for extrapolation in zero-spreaded and forward-spreaded yield term structure (thanks
to Adjriou Belak for the report.)

MATH
e Added backward- and forward-flat interpolations.

Release 0.3.8 - December 22nd, 2004
REQUIRED PACKAGES

e Boost version 1.31.0 or later is now required.
DOCUMENTATION

e Documentation now includes a FAQ page.
GLOBAL FEATURES

o Global evaluation date added through Settings class. Used for index-fixing and exchange-
rate lookup.

Generated on Thu Nov 2 18:19:48 2006 for QuantLib by Doxygen



1.8 Version history 27

e added InterestRate class, which encapsulate the interest rate compounding algebra. It
manages day-counting convention, compounding convention, conversion between different
conventions, and discount/compounding factor calculations. It also has its own formatter.

INSTRUMENTS

e Bond and FixedCouponBond classes added (thanks to Jeff Yu) providing price/yield con-
versions; tests provided.

DATE, CALENDARS, AND DAY COUNT CONVENTIONS

e Reworked Date interface. Added nextWeekday() and nthWeekday() static methods to the
class Date. Added nextIMM() for the calculation of the next IMM date.

¢ Added WeekdayFormatter and FrequencyFormatter

e Added "1/1" day counter. The Actual365 is deprecated: as per ISDA documentation "Ac-
tual/365" is the same as "Actual/Actual’. Use the ActualActual class instead, or the Ac-
tual365Fixed class.

e Added dayCounterFromString(std::string) to QuantLibFunctions.

e Improved Beijing calendar (thanks to Zhou Wu.)
CURRENCIES AND FX RATES

e Added currency classes; CurrencyTag replaced in library code.
e Added money class providing arithmetic with or without conversions; tests provided.
e Added exchange-rate class; tests provided.

e Added exchange-rate manager with smart rate lookup, i.e., able to derive a missing exchange
rate as a chain of provided rates; tests provided.

MONTE CARLO FRAMEWORK

¢ Added Faure low-discrepancy sequence (thanks to Gianni Piolanti;) tests provided.

o Added randomized (shifted) low discrepancy sequences that will be used for randomized
quasi Monte Carlo.

e Added SeedGenerator class, for random generation of seeds when they are not given by the
user.

e Added the implementation of Sobol sequences using the coefficients of the free direction
integers as provided by Bratley and Fox, who credited unpublished work of Sobol’s and
Levitan’s.

e Added an implementation of Sobol sequences using the coefficients of the free direction
integers of Lemieux, Cieslak, and Luttmer. Coefficients for d<=40 are the same as in
Bradley-Fox. For dimension 40<d<=360 the coefficients have been calculated as optimal
values based on the "resolution" criterion. The values has been provided by Christiane
Lemieux, private communication, September 2004.

o PathGenerator now works correctly with processes describing S instead of log S. Geometric
Brownian process added (thanks to Walter Penschke.)
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LATTICE FRAMEWORK
o Reworked the Discretized Asset interface.
PRICING ENGINES FRAMEWORK

e Added pricing engine for American options with Ju quadratic approximation.

o Average-price Asian pricers have been deprecated. New equivalent pricing engines added.
FIXED INCOME

e Added current coupon to discretized swap and cap/floor.

e Added IndexManager as a singleton (will replace XiborManager—already obsoleted in li-
brary code.)

e Added DayCounter parameter to ParCoupon (to be used for accruing spreads and past
fixings.) When missing, it defaults to that of the term structure.

e Added compilation flag to select default floating-coupon type.

e IndexedCoupon can now take a generic index rather than a Libor (thanks to Daniele De
Francesco.)

e Added hooks for convexity adjustment in floating-rate coupons; implemented adjustment
for InArrearIndexedCoupon.

YIELD TERM STRUCTURE

e TermStructure renamed to YieldTermStructure (the former name was deprecated.)

e New base class BaseTermStructure which can calculate its reference date based on the global
evaluation date. YieldTermStructure, BlackVolTermStructure, LocalVolTermStructure, Cap-
FlatVolatilityStructure, CapletForwardVolatilityStructure, and SwaptionVolatilityStructure
are now derived from BaseTermStructure so that they inherit its functionality.

PATTERNS
e Added Singleton pattern.
MATH

e Added N-dimensional cubic spline (thanks to Roman Gitlin.)

e Added CovarianceDecomposition class (decomposes a covariance matrix into standard
deviations and correlations)

MISCELLANEA
e Renamed RelinkableHandle to Handle.
PORTABILITY

e Support for Dev-C++ IDE added.
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o Fixes for gcc 2.95 added (thanks to Michael Dirkmann.)

Release 0.3.7 - July 23rd, 2004
IMPORTANT

QuantLib now depends on the Boost library (www.boost.org).

You will need a working Boost installation in order to compile and use QuantLib. Instruc-
tions for installing Boost from sources are available at <http://www.boost.org/more/getting_-
started.html>. Pre-packaged binaries might be available from other sources. Google is your
friend (or Debian, or Fink...)

DATE, CALENDARS, AND DAY COUNT CONVENTIONS

e Working on differentiating calendars depending on country or exchange, instead of city.

Added Italy (Settlement, Exchange), United Kingdom (Settlement, Exchange, Metals),
United States (Settlement, Exchange, GovermentBond), Xetra.

Milan, London, and NewYork calendars have been deprecated.

Added (old-style) calendars: Beijing, Hong Kong, Riyadh, Seoul, Singapore, Taiwan.

RollingConvention has been renamed BusinessDayConvention, as for ISDA definitions.
MATH
¢ Added rounding algorythms as per OMG enumeration/definition.

TEST SUITE

Moved to Boost unit test framework. CppUnit is no longer needed.

Added test for quanto and forward compound engines.

Added test for roundings.

Added test for discrete dividend European options.

Added test for cliquet options.
MISCELLANEA

o enable/disableExtrapolation() methods were added to a few classes such as TermStructure.
They make it possible to persistently allow extrapolation without the need of specifying it
at every method call.

e Added user-configurable flag to disable usage of deprecated classes.
PORTABILITY

e Fink package available

e Visual C++ 7.x project files added
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Release 0.3.6 - April 15th, 2004

Bug-fix release for QuantLib 0.3.5. A bug was removed where calls to implied Volatility() would
break the state of the option and of all options sharing the same stochastic process.

Release 0.3.5 - March 31th, 2004
BOOST SUPPORT

e When available, QuantLib 0.3.5 now uses parts of the Boost library. The presence of Boost is
detected automatically under Unix/Linux systems; on Windows systems, it must be enabled
by uncommenting the relevant line in ql/userconfig.hpp.

o In the next QuantLib release, the presence of the Boost library will be mandatory.

MONTE CARLO FRAMEWORK

Modified MultiPath interface to remove drifts. They are now in the stochastic processes.

Preliminary implementation of Longstaff-Schwartz least-squares

Monte Carlo pricer for European basket options

Brownian-bridge bugs fixed

StochasticProcess base class and derived classes (diffusion, jump-diffusion, etc.) have been
created.

PRICING ENGINES FRAMEWORK

e Pricing engines now use Payoff and Exercise classes.

e American basket options.

e Binary barrier option replaced by vanilla option with digital payoff.
e Stulz engine for max and min basket calls and puts on two assets.

e American binary option added (a.k.a. one-touch, american digital, americal barrier, etc.)
with different payoffs (cash/asset at hit/expiry, etc.)

o Added engine for Merton 1976 jump-diffusion process.

e Added Bjerksund and Stensland approximation for American option (still unstable.)
e Added Barone-Adesi and Whaley approximation for American option.

e Improved Black formula engine with more greeks added.

e Discrete geometric asian option.

e Added Leisen-Reimer binomial tree.
SHORT RATE MODELS

e Model renamed to ShortRateModel. A typedef is provided for backward compatibility—it
will be removed in subsequent releases.

VOLATILITY FRAMEWORK
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bug fix for short time (0<=t<=Tmin) interpolation

OPTIMIZATION FRAMEWORK

Method renamed to OptimizationMethod. A typedef is provided for backward
compatibility—it will be removed in subsequent releases.

PATTERNS

Composite pattern

MATH

Improved cubic spline interpolation. It now handles end conditions such as first derivative
value, second derivative value, not-a-knot. Hyman filter for monotonically constrained
interpolation has been implemented. Primitive calculation has been enabled in addition to
derivative and second derivative.

Primitive, first derivative, and second derivative functions are available for linear interpo-
lator.

Singular value decomposition improved.
Added bivariate cumulative normal distribution.

Added binomial coefficient calculation, binomial distribution, cumulative binomial distri-
bution, and Peizer-Pratt inversion (method 2.)

Added beta functions.

Added Poisson distribution and cumulative distribution.
Added incomplete gamma functions.

Added factorial calculation.

Added rank-reduced square root and improved pseudo-square root of square symmetric
matrices.

Added Cholesky decomposition.

TEST SUITE

Added test for cubic spline interpolation.

Added test for singular value decomposition.

Added test for two-asset baskets using the Stulz pricing engine.
Added test for Monte Carlo American cash-at-hit options.
Added test for jump-diffusion engine.

Added test for American and European digital options.

MISCELLANEA

Inner namespaces have been deprecated.
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e Added frequency enumeration, including ‘once’.
e MarketElement renamed to Quote.
e Handling strike=0.0 where possible.

e More Payoff classes have been introduced: gap, asset-or-nothing, cash-or-nothing. Payoff
is now extensively used.

e Exercise class is now polymorphic. More derived classes have been introduced, and they
are now extensively used.

e Introduced QL_FAIL macro.

e Added calendar for Copenhagen

e 14 April 2004 (election day) added to Johannesburg calendar as a one-off holiday.
e Documentation generated with Doxygen 1.3.6.

e Win32 installer generated with NSIS 2.0.

Release 0.3.4 - November 21th, 2003
MONTE CARLO FRAMEWORK

e MC European in one step with strike-independent vol curve (hopefully)

e Path pricer for Binary options. It should cover both European and American style options.
Also known as: Digital, Binary, Cash-At-Hit, Cash-At-Expiry.

e Path pricers for barrier options
PRICING ENGINES FRAMEWORK

e More options moved to the new pricing engine framework: binary, barrier
e Changed setupEngine() into setup Arguments(args)

e Moved pricing-engine machinery up to Instrument class
FIXED INCOME

o New basis-point sensitivity functions
o Added Swap::startDate() and maturity()

e Cap/floor fixing days taken into account
SHORT RATE MODELS

¢ An additional constraint can now be passed to the calibration
VOLATILITY FRAMEWORK

e Visitable volatility term structures

OPTIMIZATION FRAMEWORK
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e Added composite constraint
PATTERNS

e Visitor, Alexandrescu-style (saves some code duplication)
MATH

e Added more integration algorithms contributed by Roman Gitlin
e Relaxed constaints on interval boundaries for integration algorithms

o Interpolation traits
TEST SUITE

o Added implied cap/floor term volatility test
e Added test for binary options in PricingEngine Framework.

e Added tests for Barrier options in PricingEngine Framework. Some Monte Carlo tests, but
not comprehensive.

MISCELLANEA

o Conditionally allowed negative yields (disabled by default)

Null calendar and simple day counter for reproducing theoretical calculations

Fixed for VC++.Net compilation

Added spec file for RPMs

Added global flag for early/late payments

Enabled test suite for Borland

Removed OnTheEdge VC++ configurations
e Added VC++ configurations for static and dynamic Multithread libraries

e Upgraded to use Doxygen 1.3.4

Release 0.3.3 - September 3rd, 2003
MONTE CARLO FRAMEWORK

e Re-templatized Monte Carlo model based on traits.

o New path generator based on DiffusionProcess, TimeGrid, and externally initialized random
number generator.

e Added Halton low discrepancy sequence.

e Added sequence generators: random sequence generator creates a sequence generator out
of arandom number generator. InvCumGaussianRsg creates a gaussian sequence generator
out of a uniform (random or low discrepancy) sequence generator.

e RNG as constructor input constructor( long seed) deprecated.
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e Mersenne Twister random number generator added

Old PathPricers, PathGenerators, etc are available with a trailing _old

Added Jdckel’s Brownian Bridge (not used yet.)

Sobol Random Sequence Generator. Unit and Jackel.

Added randomized Halton sequences.
FINITE DIFFERENCE FRAMEWORK

e Old class Grid no longer exists, use CenteredGrid to obtain the same result.
LATTICE FRAMEWORK

e Abstracted discretized option.
e Additive binomial trees. All binomial trees now use DiffusionProcess.

e Added Tian binomial tree.
PRICING ENGINES FRAMEWORK

e Partially implemented.
e Quanto forward compounded engines.

¢ Integral (european) pricing engine.
YIELD TERM STRUCTURE
e ZeroCurve: a term structure based on linear interpolation of zero yields.

FIXED INCOME

e Up-front and in-arrear indexed coupon.

e Specific implementation of compound forward rate from zero yield.
e Added compound forward and zero coupon implementations.

e Added Futures rate helper with specified maturity date.

e Added bucketed bps calculation.

e Added swap constructor using specified maturity date as well as added functionality in
Scheduler.

e Added date-bucketed basis point sensitivity based on 1st derivative of zero coupon rate.
OPTIMIZATION FRAMEWORK
e Solvers now take any function. ObjectiveFunction disappeared.

PATTERNS
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Abstracted lazy object.

Abstracted the curiously recurring template pattern.

DATE AND CALENDARS

Added joint calendars.
Tokyo, Stockholm, Johannesburg calendar improved.

"MonthEndReference" business day rolling convention. Similar to "ModifiedFollowing",
unless where original date is last business day of month all resulting dates will also be last
business day of month.

Added basic date generation starting from the end.

MATH

Added Gauss-Kronrod integration algorithm.
Added primitive polynomial modulo 2 up to dimension 18 (available up to dimension 27.)
Added BicubicSplinelnterpolation.

Numerical Recipes algorithm is back since there is a problem with Nicolas’ code: it is unable
to fit a straight line, it waves around the line.

Prime number generation.

Acklam’s approximation for inverse cumulative normal distribution function (replaced
Moro’s algorithm as default.)

Added error function.

Improved Cumulative Normal Distribution function using the error function.
Matrix pseudo square algorithm using salvaging algorithmy(s).

Added SequenceStatistics.

Major Statistic reworking.

Added DiscrepancyStatistic that inherits from SequenceStatistic and extends it with the
calculation of L2-discrepancy.

HStatistics.

Added first and second derivative ot cubic splines.

RISK MEASURES

Introduced semiVariance and regret.

Redefinition of average shorfall (normalization factor now is cumulative(target) instead of
1.0)

MISCELLANEA

QuEP 9 "generic disposable objects" implemented.
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e Added test suite.

e Dataformatters extended to format long integers, Ordinal numerals, power of two format-

ting.

o Exercise class adopted.

e Added user configuration section.

o Inhibited automatic conversion of Handle<T> to RelinkableHandle<T>.
o Diffusion process extended.

e Added strikeSensitivity to the Greeks.

e BS does handle t==0.0 and sigma==0.0.

e TimeGrid has been reworked.

o Added payoff file for Payoff classes. Added Cash-Or-Nothing and Asset-Or-Nothing payoff

classes.

e Upgraded to use Doxygen 1.3.

Release 0.3.1 - February 4th, 2003
FINITE DIFFERENCE FRAMEWORK

e partially implemented QuEP 2 (http://quantlib.org/quep.shtml)

VOLATILITY FRAMEWORK

e added Black and local volatility interface

PRICING ENGINES FRAMEWORK

e partially implemented QuEP 5 (http://quantlib.org/quep.shtml)

YIELD TERM STRUCTURE

interface revisited

added discrete time forward methods

added DiscountCurve (loglinear interpolated) and CompoundForward term structures

ForwardSpreaded TermStructure moved under QuantLib:: TermStructures namespace

FIXED INCOME

e Modified coupons so that the payment date can be after the end of the accrual period

MISCELLANEA

e added/verified holidays of many calendars

e added new calendars
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e added new currencies

e more date formatters

e added Period(std::string&)

e it is now possible to advance a calandar using a Period
e added LogLinear Interpolation

e the allowExtrapolation boolean in interpolation classes has been removed from constructors
and added to the operator()

e Renamed Solver1D::lowBound and hiBound

e bug fixes
BUILD PROCESS

e More autoconfiscated time functions and types
e Migrated to latest autotools

e added patches for Darwin and Solaris

Release 0.3.0 - May 6th, 2002
MONTE CARLO FRAMEWORK

e Path and MultiPath are time-aware

e McPricer: extended interface, improved convergency algorithm
FINITE DIFFERENCE FRAMEWORK

e added mixed (implicit/explicit) scheme, from which Crank-Nicolson, ImplicitEuler, and
ExplicitEuler are now derived

e Finite Difference exercise conditions are now in the FiniteDifferences folder/namespace
e Finite Difference pricers now start with 'Fd’ letters

e BSMNumericalOption became BsmFdOption
LATTICE FRAMEWORK

e introduced first version of the framework

e CRR and JR binomial trees
VOLATILITY FRAMEWORK

e early works on reorganization of vol structures
YIELD TERM STRUCTURE

e new TermStructure class based on affine model
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yield curves can be spreaded in term of zeros (ZeroSpreaded TermStructure) and forwards
(ForwardSpreaded TermStructure)

Added dates() and times() to PiecewiseFlatForward

discount factor accuracy in the yield curve bootstrapping is an input
added single factor short-rate models (Hull-White, Black-Karasinski)
added two factor short-rate models framework

cap/floor and swaption calibration helpers

added bermudan swaption pricing example (including BK and HW calibrations)

FIXED INCOME

cap/floor and swaption tree pricer
cap/floor analytical pricer

vanilla swaption Jamshidian pricer
Added accrued Amount() to coupons

Made cash flow vector builders into functions

OPTIMIZATION FRAMEWORK

added conjugate gradient, simplex

PATTERNS

implemented QuEP 8 and 10

MISCELLANEA

added allowExtrapolation parameter to interpolaton classes

added 2D bilinear interpolation

better spline interpolation algorithm

Added non-central chi-square distribution function.

Improved Inverse Cumulative Normal Distribution using Moro’s algorithm
Introduced class representing stochastic processes

added isExpired() to Instrument interface

added functions folder and namespace for QuantLibXL and any other function-like interface
to QuantLib

Handle is now castable to an Handle of a compatible type
added downsideVariance to the Statistics class

kustosis() and skewness() now handles the case of stddev == 0 and/or variance ==
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added Correlation Matrix to MultiVariateAccumulator

enforced MS VC compilation settings

added "-debug" to the QL_VERSION version string ifdef QL_DEBUG
"make check" runs the example programs under Borland C++

fixed compilation with "g++ -pedantic”

Spread as market element

new calendars introduced

new Xibor Indexes introduced

Added optional day count to libor indexes

Shortened file names within 31 char limit to support HFS

Release 0.2.1 - December 3rd, 2001
MONTE CARLO FRAMEWORK

Path and MultiPath are now classes on their own

PathPricer now handles both Path and MultiPath

MonteCarloModel now handles both single factor and multi factors simulations.
McPricer now handles both single factor and multi factors pricing. New pricing interface

antithetic variance-reduction technique made possible in Monte Carlo for both single factor
and multi factors

Control Variate specific class removed: control variation technique is now handled by the
general MC model

average price and average strike asian option refactored
Sample as a (value,weight) struct

random number generators moved under RandomNumbers folder and namespace

FINITE DIFFERENCE FRAMEWORK

BackwardEuler and ForwardEuler renamed ImplicitEuler and ExplicitEuler, respectively

refactoring of TridiagonalOperator and derived classes

YIELD TERM STRUCTURE AND FIXED INCOME

Added some useful methods to term structure classes

Allowed passing a quote to RateHelpers as double

added FuturesRateHelpers (no convexity adjustment yet)
PiecewiseFlatForward now observer of rates passed as MarketElements

Unified Date and Time interface in TermStructure
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e Added BPS to generic swap legs
e added term_structure+swap example

e Fixing days introduced for floating-coupon bond
PATTERNS

e Added factory pattern

e Calendar and DayCounter now use the Strategy pattern
VARIOUS

e used do-while-false idiom in QL_REQUIRE-like macros

e now using size_t where appropriate

e dividendYield is now a Spread instead of a Rate (that is: cost of carry is allowed)
e RelinkableHandle initialized with an optional Handle

e Worked around VC++ problems in History constructor

e added QL_VERSION and QL_HEX_VERSION

e generic bug fixes

e removed classes deprecated in 0.2.0
INSTALLATION FACILITIES

e improved and smoother Win32 binary installer
DOCUMENTATION

e general re-hauling

e improved and extended Monte Carlo documentation
e improved and extended examples

e Upgraded to Doxygen 1.2.11.1

e Added man pages for installed executables

e added docs in Windows Help format

e added info on "Win32 OnTheEdgeRelease" and "Win32 OnTheEdgeDebug" MS VC++ con-
figurations

e additional information on how to create a MS VC++ project based on QuantLib
Release 0.2.0 - September 18th, 2001

e Library:

— source code moved under ql, better GNU standards

— gcc build dir can now be separated from source tree
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gcc 3.0.1 port

clean compilation (no warnings)

- bootstrap script on cygwin

Fixed automatic choice of seed for random number generators
Actual/actual classes

extended platform support (see table in documentation)

antithetic variance-reduction technique made possible in Monte Carlo
added dividend-Rho greek

First implementation of segment integral (to be redesigned)

Knuth random generator

Cash flows, scheduler, and swap (both generic and simple) added
added ICGaussian random generator

generic bug fixes

e Installation facilities:

improved and smoother Win32 binary installer

— better distribution

debian packages available

e Documentation:

general re-hauling

added examples of using QuantLib and of projects based on QL

Release 0.1.9 - May 31st, 2001

e Library:

Style guidelines introduced (see http://quantlib.org/style.shtml) and partially
enforced

full support for Microsoft Visual Studio
full support for Linux/gcc
momentarily broken support for Metrowerks CodeWarrior

autoconfiscation (with specialized config.+hpp files for platforms without au-
tomake/autoconf support)

Include files moved under Include/ql folder and referenced as "gl/header.hpp"
Implemented expression templates techniques for array algebra optimization
Added custom iterators

Improved term structure

Added Asian, Bermudan, Shout, Cliquet, Himalaya, and Barrier options (all with
greeks calculation, control variated where possible)

Added Helsinki and Wellington calendars
Improved Normal distribution related functions: cumulative, inverse cumulative, etc.
Added uniform and Gaussian random number generators

Added Statistics class (mean, variance, skewness, downside variance, etc.)
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Added RiskMeasures class: VAR, average shortfall, expected shortfall, etc.

Added RiskStatistics class combining Statistics and RiskMeasures

Added sample accumulator for multivariate analysis
Added Monte Carlo tools

— Added matrix-related functions (square root, symmetric Schur decomposition)

— Added interpolation framework (linear and cubic spline interpolation implemented).
e Installation facilities:

- Added Win32 GUI installer for binaries
e Documentation:

- support for Doxygen 1.2.7

— Added man documentation

Release 0.1.1 - November 21st, 2000

Initial release.
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1.9 Additional resources

The main QuantLib resource is the QuantLib web site (http://quantlib.org).

Additional resources available from the above site include:

current news (http://sourceforge.net/news/?group_id=12740);
o the QuantLib mailing lists and forums (http://quantlib.org/mailinglists.shtml);
o the QuantLib programming style guidelines (http://quantlib.org/style.shtml);

®a link to the QuantLib project page on SourceForge.net
(http://sourceforge.net/projects/quantlib);

e links to pages for bug reports (http://sourceforge.net/tracker/?group_-
id=12740&atid=112740), patchsubmissions (http://sourceforge.net/tracker/?group_-
id=12740&atid=312740),and featurerequests (http://sourceforge.net/tracker/?group_-
id=12740&atid=362740);

e a page (http://quantlib.org/extensions.shtml) about how to use QuantLib in other
languages/platforms;

e QuantLib web-site statistics (http://sourceforge.net/project/stats/?group_-
1d=12740);

e as well as links to additional quantitative finance resources.
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1.10 The QuantLib Group
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e Ferdinando Ametrano, Banca Caboto SpA, administrator
o Luigi Ballabio, StatPro Italia srl, administrator
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e Nicolas Di Césaré
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Boafo, Joe Byers, Antoine Cellerier, Aurelien Chanudet, Yiping Chen, Warren Chou, Jon Davidson,
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Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

Neither the names of the copyright holders nor the names of the QuantLib
Group and its contributors may be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDERS OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

1.11.1 Comments on Copyright and License
QuantLib is Non-Copylefted Free Software [1] released under the modified BSD License [2] (also
know as XFree86-style license).

QuantLib is Open Source [3] because of its license: it is OSI Certified Open Source Software [4].
OSI Certified is a certification mark of the Open Source Initiative [5].

The modified BSD License is GPL compatible as confirmed by the Free Software Foundation [6].

This license has been adopted to allow free use of QuantLib and its source, to make QuantLib
flourish as a free-software/open-source project. It allows proprietary extensions to be commer-
cialized.

1] http://www.gnu.org/philosophy/categories.html#Non-CopyleftedFreeSoftware

2] http://www.opensource.org/licenses/bsd-license.html

4] http://www.opensource.org/docs/certification_mark.html

[
[
[3] http://www.opensource.org/docs/definition.html
[
[5] http://www.opensource.org

[

6] http://www.gnu.org/philosophy/bsd.html
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Chapter 2

QuantLib Module Index

2.1 QuantLib Modules

Here is a list of all modules:

Numerictypes . . . . . . . . 101
Currenciesand FXrates . . . . . ... ... .. ... L 103
Date and time calculations . . . . . ... ... .. . L L Lo 107
Calendars. . . . . . . . . e 110
Daycounters . . . . . ... ... .. 113
Pricingengines . . . .. ... ... .. ... 114
Asianoptionengines . . . .. .. ... o e 115
Barrier optionengines . . .. ... ... L L 116
Basketoptionengines . . . . . ... ... ... L L Lo 117
Cap/floorengines . . . . ... ... ... .. .. 118
Cliquetoptionengines . . . . .. . ... ... .. . .. ... .. 119
Forward optionengines . . . .. ... ... ... ... .. .. ... ... 120
Quantooptionengines . . . . .. ... ... L L 121
Swaptionengines . . . .. ... ... L 122
Vanillaoptionengines . . ... ......... .. .. ... . .. 123
Finite-differences framework . . ... ... ... ... ... ... L L L L. 126
Short-rate modelling framework . . . ... ... ... .. ... ... .. . . oL 128
Financial instruments . . . . . . .. ... .. Lo L 131
Latticemethods . . . . .. .. ... .. 135
Math tools . . . . . . . . . 138
Monte Carlo framework . . . . .. .. ... . .. 140
Designpatterns . . .. ... ... ... 141
Stochastic processes . . . . . . . . ... 142
Termstructures . . . . .. .. ... e 144
Utilities . . . . . . . . 146
QuantLibmacros . . . . . . . . . e e e 148
Genericmacros . . . . .. ... 149
Numericlimits . . . . . . ... . 150
Template capabilities . . . ... ... .. ... .. .. L 151
Iterator support . . . ... ... . 152
Debugging macros . . . . .. .. ... ... 154

Output manipulators . . . . . ... ... .. L 153
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Chapter 3

QuantLib Hierarchical Index

3.1 QuantLib Class Hierarchy

This inheritance list is sorted roughly, but not completely, alphabetically:

Abcd . . 157
AbcdSquared . . . ... 160
AcyclicVisitor . . . . . ... 164
AmericanCondition . . . . . . ... L L L 167
AmericanPayoffAtExpiry . . . . . . ... 169
AmericanPayoffAtHit. . . . . . ... .o L 170
Arguments . . . . ... 185
AssetSwap:arguments . . . ... ..o 194
CapFloor:zarguments . . . . .. ... ... ... 293
Optionzarguments . . . . .. ... L 959
VanillaSwap:arguments . . ... ... .. oL Lo 1164
VarianceSwap:arguments . . . .. ... L L 1169
ATTay . .. 187
AVETAZe . . . . . . e 200
BackwardFlat . . . . .. .. ... 201
Barrier . . . .. 204
BarrierOption:arguments . . . . .. .. ... L L 207
BasketOption:arguments . . . .. ... ... ... ... L L L 211
Bicubic . . . . ... e 220
Bilinear . . . . . . ... 222
BinomialDistribution . . . . .. ... o o 225
BivariateCumulativeNormalDistributionDr78 . . . . . . ... ... ... ... ... ..., 229
BivariateCumulativeNormalDistributionWe04DP . . . . . . ... ... .. ... ... .. 230
BlackFormula . . . . .. ... .. 235
BlackKarasinski:Dynamics . . . ... ... ... ... L L 238
BoundaryCondition . . . . . ... ... .. 259
DirichletBC . . . . . . . . 399
NeumannBC . . . . . . .. 919
BoundaryCondition< QuantLib::TridiagonalOperator > . . . . . ... ... .. ... ... 259
BoxMullerGaussianRng . . . . .. ... ... ... L L 262
Bridge . . . . . . . . 266

Calendar . . . . . . . . e 274
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Argentina. . . .. ... ... 183
Australia . . . . . .. e 199
Brazil . . . . . . e e 263
Canada . . . . . . . . e e e 289
China . . . . . . e e 315
CzechRepublic . . . . . .. .. ... . 385
Denmark . . . . . .. e e 396
Finland . . . . . . . . e e e 601
Germany . . .. . ... 698
HongKong . . . ... ... . . . 711
Hungary . .. ... ... . . e 722
Iceland . . . . . . .. e e e 723
India . . . . . . e e e 741
Indonesia . . . . . . . . ... e e 743
Italy . . . . 776
Japan . ..o 780
JointCalendar . . . . . . .. .. e 784
MeXIiCO . . . . o e e e e e e e 893
NewZealand . . . . . . . . . . e e 922
Norway . . . . . . . e 928
NullCalendar . . . . . . . . . . . e e 931
Poland . . . . . . . . e e 980
SaudiArabia . . . . . . .. e 1018
Singapore. . . . .. ... 1039
Slovakia . . . . . . .. e 1048
SouthAfrica . . . . . . . . . e 1056
SouthKorea . . . . . . . . . . . e 1057
Sweden . . ... e e e 1102
Switzerland . . . . . ... e 1103
Taiwan . . . . . e e e e e e e e e e 1106
TARGET . . . . e e e e 1108
Turkey . . .. ... 1141
UKraine . . . . . . . o e e e e 1147
UnitedKingdom . . . . .. ... ... .. 1149
UnitedStates . . . . . . . . . e e 1151
Constraint . . . . . . . . . e e e e 338
BoundaryConstraint . . . ... .. ... ... . L L 261
CompositeConstraint . . . . . ... ... ... .. . L o 329
NoConstraint . . . . . . . . . . e e 924
PositiveConstraint . . . . . . . . . . . . . e 981
DayCounter . . ... .. ... . ... . e 392
Actual360 . . . . . . e e e 161
Actual365Fixed . . . . . .. e 162
ActualActual . . . . . . . . e 163
Business252 . . . . .. e e e e 270
OneDayCounter . . . . . ... ... ... .. . 950
SimpleDayCounter . . . ... ... ... ... ... .. .. .. .. 1034
Thirty360 . . . . . . .. e 1114
Interpolation . . . . . . ... 761
BackwardFlatInterpolation . . . . . ... ... ... .. ... L o o 202
CubicSpline . . ... .. ... ... 373
MonotonicCubicSpline . . . . ... ... ... .. .. L oo 899
NaturalCubicSpline . . . . .. .. ... .. .. .. .. 917
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NaturalMonotonicCubicSpline . . .. ... ... ... ... ... .. ...... 918
ForwardFlatInterpolation . . .. ... ... ... ..... ... ... . ..... 628
LinearInterpolation . . . . ... ... .. ... ... ... L 817
LogLinearInterpolation . . . . .. ... ... ... ... ... .. ... ... .. 840
SABRInterpolation . . .. ..... ... ... ... ... ... 1012

Interpolation2D . . . . . ... L 762
BicubicSpline . . . . ... ... 221
BilinearInterpolation . . .. . ... ... ... .. ... .. o o o 223

Parameter . . . .. ... . ... e 962
ConstantParameter . . . . . . .. ... .. ... 337
NullParameter . . . . . . .. ... .. e 933
PiecewiseConstantParameter . . ... ... ... ... ... .. ........... 971
TermStructureFittingParameter . . . . ... ... ... ... .. ... ... .. ... 1112

ExtendedCoxIngersollRoss::FittingParameter . . . . .. ... ... ....... 586

G2:FittingParameter . . . . .. .. ... 653

HullWhite:FittingParameter . . . . . . ... ...... .. .. ... ...... 717

Bridge< QuantLib::Calendar, QuantLib::CalendarImpl > . . . .. ... ... ... . ... 266
Bridge< QuantLib::Constraint, QuantLib::Constraintlmpl > . . . .. ... .. ... ... 266
Bridge< QuantLib::DayCounter, QuantLib::DayCounterImpl > . . . .. ... ... ... 266
Bridge< QuantLib::Interpolation, QuantLib::Interpolationlmpl > . . . . . ... ... .. 266
Bridge< QuantLib::Interpolation2D, QuantLib::Interpolation2DImpl > . . . . . . .. .. 266
Bridge< QuantLib::Parameter, QuantLib::Parameterlmpl > . . . . . .. ... .. ... .. 266
BrownianBridge . . . . . . ... 268
CalendarImpl . . .. ... ... ... 282

Calendar:OrthodoxImpl . . . ... ... ... ... ... ... ... ... ... ... 280

Calendar:WesternImpl . . . . ... ... ... .. L L 281
Callability:Price . . . . . ... ... .. 288
Cashflows . . ... ... . 307
CLGaussianRng . . . . . .. ... .. e 316
CliquetOption:arguments . . . . . . . ... ... . . . 319
Clone . . . . ... e 321
Composite . . . ... .. e 328
ConstantEstimator . . . .. ... .. .. ... ... 336
ConstraintImpl . . . . . ... L 339
ContinuousAveragingAsianOption:arguments . . . . . .. ... ... ... ... ..... 342
ContinuousFixedLookbackOption::arguments . . . . ... ........ ... ...... 346
ContinuousFloatingLookbackOption::arguments . . . . .. .. .. ............. 350
ConvergenceStatistics . . . . . . ... ... L L L 355
ConvertibleBond::option::arguments . . . . . . ... ... ... Lo oL Lo 356
ConvertibleFixedCouponBond . . . . . .. ... ... ... Lo 358
ConvertibleFloatingRateBond . . . . . ... .. ... ... ... ... ... . . .. 359
ConvertibleZeroCouponBond . . . . . ... ... ... .. ... .. 360
CostFunction . . . . . .. .. ... 362

LeastSquareFunction . . . ... ... ... ... ... . ... o 800
CovarianceDecomposition . . . . .. ... .. .. L Lo 365
CoxIngersollRoss:Dynamics . . . ... ... ......... ... ... ... ...... 368
Cubic . . . . . 372
CumulativeBinomialDistribution . . . . . . ... ... ... . o o Lo o 375
CumulativeNormalDistribution . . . . ... .. ... ... . o o o oL 376
CumulativePoissonDistribution . . . . . .. ... ... .. ... .. 0 0L 377
CuriouslyRecurringTemplate . . . . ... ... ... .. . L 378

Lattice. . . . . . . . . 793
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LatticelD . . . . . . o e e 795
BlackScholesLattice . . . . . . . . . . . . ... 240
TsiveriotisFernandesLattice . . ... ... .. ... ... ... ......... 1138
OneFactorModel::ShortRateTree . . . . . . ... ... ... ... ... ...... 954
Lattice2D . . . . . . e e e e e e e e 796
TwoFactorModel::ShortRateTree . . . . . . . .. ... ... ... ... ...... 1145
SolverlD . . . . . e e e 1054
Bisection . . . . . ... e e 228
Brent . . . . .. e e e 265
FalsePosition . . . . . . . . . . e 591
Newton . . . . . . oo 920
NewtonSafe . . . . . . . . . . e 921
Ridder . . . . . . . e 1007
Secant . . . . . L e e e 1021
CuriouslyRecurringTemplate< QuantLib::AdditiveEQPBinomialTree > . . . . . . . . .. 378
Tree< QuantLib::AdditiveEQPBinomialTree > . . .. ... ... ... ... ...... 1126
BinomialTree< QuantLib::AdditiveEQPBinomialTree > . . . . ... ... .. ... 226
EqualProbabilitiesBinomial Tree< QuantLib::AdditiveEQPBinomialTree > . . 437
CuriouslyRecurringTemplate< QuantLib::Bisection > . . . .. ... ... ... ... ... 378
Solver1D< QuantLib::Bisection> . . . . . . . . .. ... ... ... .. ... .. 1054
CuriouslyRecurringTemplate< QuantLib::BlackScholesLattice< T>> . . . . . ... . .. 378
Lattice< QuantLib::BlackScholesLattice< T>> . . . . . . . ... ... ... ...... 793
LatticelD< QuantLib::BlackScholesLattice< T>> . . ... ... ... ... .... 795
CuriouslyRecurringTemplate< QuantLib::Brent > . . . ... ... ... ... .. .. ... 378
SolverlD< QuantLib::Brent > . . . . . . ... ... ... 1054
CuriouslyRecurringTemplate< QuantLib::CoxRossRubinstein > . . . . . . .. ... ... 378
Tree< QuantLib::CoxRossRubinstein > . . . . . . . ... .. ... ... .. ....... 1126
BinomialTree< QuantLib::CoxRossRubinstein > . . . .. .. ... ... ...... 226
EqualJumpsBinomialTree< QuantLib::CoxRossRubinstein > . . . . . ... .. 436
CuriouslyRecurringTemplate< QuantLib::FalsePosition > . . . . . .. ... .. ... ... 378
Solver1D< QuantLib::FalsePosition > . . .. ... ... ... .. ... ......... 1054
CuriouslyRecurringTemplate< QuantLib::JarrowRudd > . . . .. ... ... ... ... 378
Tree< QuantLib::JarrowRudd > . . . . . . .. ... .. 1126
BinomialTree< QuantLib::JarrowRudd > . . . . . . ... ... ... ... ... ... 226
EqualProbabilitiesBinomialTree< QuantLib::JarrowRudd > . . . . . . ... .. 437
CuriouslyRecurringTemplate< QuantLib::LeisenReimer > . . . . . ... ... ... ... 378
Tree< QuantLib::LeisenReimer > . . . . . . . . . . ... .. ... 1126
BinomialTree< QuantLib::LeisenReimer > . . . . . . .. ... ... ... ...... 226
CuriouslyRecurringTemplate< QuantLib:Newton > . . . . . .. ... ... ... ... .. 378
SolverlD< QuantLib:Newton > . . . . . . . . . . . . . . ... 1054
CuriouslyRecurringTemplate< QuantLib:NewtonSafe > . . . .. ... ... ... .. .. 378
Solver1D< QuantLib:NewtonSafe > . . . . . . . . .. .. ... ... ... ... ... 1054
CuriouslyRecurringTemplate< QuantLib::OneFactorModel::ShortRateTree > . . . . . . . 378
Lattice< QuantLib::OneFactorModel::ShortRateTree > . . . . . .. . ... ... .... 793
Lattice]lD< QuantLib::OneFactorModel::ShortRateTree > . . . . . ... ... ... 795
CuriouslyRecurringTemplate< QuantLib:Ridder > . . . .. ... ... ... ... ... 378
SolverlD< QuantLib:Ridder > . . . . . . . . . .. ... ... 1054
CuriouslyRecurringTemplate< QuantLib:Secant > . . . . . . ... ... ... .. ... .. 378
SolverlD< QuantLib::Secant > . . . . . . . . . ... .. 1054
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CuriouslyRecurringTemplate< QuantLib:Tian > . . . . .. ... ... ... ... .. ... 378
Tree< QuantLib:Tian > . . . . . . . . . . . . 1126
BinomialTree< QuantLib:Tian> . . . .. .. .. ... ... ... .......... 226
CuriouslyRecurringTemplate< QuantLib::Trigeorgis > . . . . . . ... ... .. ... ... 378
Tree< QuantLib:Trigeorgis > . . . . . . .. .. ... . L L 1126
BinomialTree< QuantLib::Trigeorgis > . . . . . . ... ... .. .. ... ...... 226
EqualJumpsBinomialTree< QuantLib::Trigeorgis > . . . . . .. ... ... ... 436
CuriouslyRecurringTemplate< QuantLib:: TrinomialTree > . . . . . . ... .. ... ... 378
Tree< QuantLib::TrinomialTree > . . . . . . . . . . .. .. ... .. . ... ... .... 1126
CuriouslyRecurringTemplate< QuantLib::TwoFactorModel::ShortRateTree > . . . . . . . 378
Lattice< QuantLib:: TwoFactorModel::ShortRateTree > . . . . . .. ... ... ..... 793
Lattice2D< QuantLib::TwoFactorModel::ShortRateTree, QuantLib::TrinomialTree > 796
CuriouslyRecurringTemplate<T> . . . . . .. ... ... . . . L ... 378
Tree . . . . e e e e e e 1126
BinomialTree . . . . . . . . . . . . e 226
EqualJumpsBinomialTree . . .. ... ... ... ... .. .. .. .. ...... 436
CoxRossRubinstein . . . . . . . . . . . . . . e 369
Trigeorgis . . . . . . . . .. e 1133
EqualProbabilitiesBinomialTree . . . . . . ... ... .. ... .. .. .. ... .. 437
AdditiveEQPBinomialTree . . . . . . ... ... ... ... ... ........ 165
JarrowRudd . . . ... ... . . ... 782
LeisenReimer . . . . . . . . . . . 803
Tian . . . o e e e 1115
TrinomialTree . . . . . . . . . . . . . e 1134
Currency . . . . . . . e 379
ARSCurrency . . . . . . . . e 190
ATSCUITenCY . . . . . . o o 196
AUDCUITENCY . . . . . o e 197
BDTCurrency . . .. ... ... ... .. 216
BEFCurrency . . . . . . . . .. .. 217
BGLCurrency . ... ... ... .. 219
BRLCUIrency . . . . . . .o 267
BYRCurrency . . ... ... .. .. 271
CADCUITENCY . . . . o o oo e e e e 272
CHFCurrency . . . . ... .. e 313
CLPCUrrency . . . . . . o oo it 323
CNYCUrrency . . . . . oo v it e 326
COPCUITeNCY . . . . v ot i e e 361
CYPCurrency . . . . .. . . . . e 384
CZKCuUrrency . . . . .. . oo i e 387
DEMCUITeNCY . . . . o . oot 395
DKKCUITeNCY . . . . o oo e e 420
EEKCurrency . . ... .. ... ... .. e 433
ESPCurrency . . . . . . . . .. ... 440
EURCuUrrency . . .. ... .. ... 443
FIMCurrency . . . . . . . . .. ... 599
FRECurrency . . . . . . . . .o 649
GBPCurrency . . . .. . .. .. 679
GRDCUITENCY . . . . v vt e 701
HKDCUITeNCY . . . . . o oot e e e 710
HUFCurrency . . . . . . . .. e e 713
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IEPCurrency . . . . . . . . o 725
ILSCurrency . . . . . . . o 726
INRCUrrency . . . . . . oo o 745
IQDCurrency . . .. .. ... 773
IRRCUITeNnCY . . . . . . o e 774
ISKCurrency . . . . . . . . .. e 775
ITLCUrrency . . . . . . . oo e e 778
JPYCurrency . . . . . . .. 785
KRWCurrency . . . . .. ... ... 791
KWDCurrency . . . . . .. .. 792
LTLCUIrency . . . . . . . o oo 842
LUFCurrency . . . . .. . .. i e 843
LVLCurrency . . . . . . . . oo 844
MTLCUIrtency . . . . . . .o i 904
MXNCurrency . . . . ... .. ... 916
NLGCurrency . . . . ... . 923
NOKCurrency . . . . . . . .. o e 925
NPRCuUrrency . . . . ... . 929
NZDCuUrrency . . . . . . o oo i 936
PKRCuUrrency . . . ... ... . .. . 976
PLNCurrency . . . . .. . .. . e 978
PTECurrency . . . . . . . . oo i e 987
ROLCurrency . . . . ... . e 1008
RONCurrency . . . . ... .o 1009
SARCUITENCY . . . . . . oo 1017
SEKCurrency . . . ... ... . .. ... 1024
SGDCurrency . . . . . . . . 1028
SITCurrency . . . . . . . . o 1046
SKKCUITeNCy . . . . . . oo 1047
THBCurrency . . . .. .. ... .. 1113
TRLCurrency . . .. .. ... ... 1135
TRYCurrency . . . . . . . . e 1137
TIDCurrency . . . . . . . . i 1140
TWDCurrency . . . . . . . .. e 1142
USDCUITENCY . . . . o o oo e e e e e e e 1156
VEBCurrency . .. ... ... .. ... ... 1175
ZARCUITENCY . . . . o oo 1183
CurveState . . . . . . . . .. e 383
Date . . . . . . e 388
DayCounterImpl . . . .. ... ... . 394
Discount . . . . .. . ... 400
DiscreteAveragingAsianOption:arguments . . . . . . .. .. ... ... . L. 404
DiscretizedAsset . . . . . . . . . L 407

DiscretizedDiscountBond . . . . . ... ... . oo o oo 410

DiscretizedOption . . . . . ... ... . 411
Disposable . . . . . . .. . 413
DividendVanillaOption:arguments . . . . . . ... ... ....... ... ... ...... 418
DriftCalculator. . . . . . . .. . 426
Duration . . . . ... . . e 429
EarlyExercisePathPricer . . . ... ... ... ... ... ... ... ... ... ... ... 432
EarlyExercisePathPricer< QuantLib:MultiPath > . . . . ... ... ... ... .. .. ... 432
EarlyExercisePathPricer< QuantLibz:Path > . . . . . ... ... ... .. ... .. .. ... 432
EndCriteria . . . . . . . . . . . 434
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ErrorFunction . . . . . . . . . . e e e e 439
EuriborIOM . . . . . e e e e e 445
Euribor1IM . . . . . e e e e 446
EuriborIM . . . . e e e e e e 447
EuriborlY . . . e e 448
Euribor2M . . . . e e e e e e 449
Euribor2W . . . e e e e 450
Euribor365_10M . . . . . . . e 452
Euribor365_11M . . . . . . 453
Euribor365_1M . . . . 454
Euribor365_1Y . . . . . . e 455
Euribor365 2M . . . . 456
Euribor365_2W . . . . e 457
Euribor365 _3M . . . . 458
Euribor365_3W . . . . e 459
Euribor365_4M . . . . . e e e 460
Euribor365_5M . . . . e 461
Euribor365_6M . . . . . 462
Euribor365_7M . . . . e 463
Euribor365_8M . . . . . 464
Euribor365 OM . . . . e e 465
Euribor365_SW . . . . e 466
Euribor3BM . . . . e e 467
Euribor3W . . . e e e e e 468
EuribordM . . . . . e e 469
EuriborBM . . . . e e e e e 470
Euribor6M . . . . . e e 471
Euribor7M . . . . e e e e 472
Euribor8M . . . . . e e 473
EuriborOM . . . . e e e e e 474
EuriborSW . . . . e e e e 475
EURLIborIOM . . . . . o e 509
EURLIbor1IM . . . . . o e 510
EURLIborIM . . . . . e e 511
EURLIborlY . . . . o e 512
EURLIbOr2ZM . . . . o e e 513
EURLIbOr2W . . . . o e 514
EURLIbOr3BM . . . . o e e e 515
EURLIbordM . . . . . . e 516
EURLIbOrSM . . . . o e e e 517
EURLIDOrOM . . . . . o o o e 518
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QuOote . . . . e e e e e 998
CompositeQuote . . . .. ... ... 332
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Chapter 4

QuantLib Class Index

4.1 QuantLib Class List

Here are the classes, structs, unions and interfaces with brief descriptions:

Abcd (Abcd functional form for instantaneous volatility ) . . . . ... ... .. ... ... 157
AbcdSquared (Abcd Squared functional. Helperclass) . . ... .... .. .. ...... 160
Actual360 (Actual/360 day countconvention ) . . . . .. .. ... ... .. oL 161
Actual365Fixed (Actual/365 (Fixed) day count convention) . . . . ... ... ... .. .. 162
ActualActual (Actual/Actualdaycount) . . . . .. ... Lo oo 163
AcyclicVisitor (Degenerate base class for the Acyclic Visitor pattern) . . . .. ... ... 164
AdditiveEQPBinomialTree (Additive equal probabilities binomial tree ) . . . . . . . . .. 165
AffineModel (Affinemodelclass) . . . . . . .. ... .. 166
AmericanCondition (American exercise condition) . ... ... ... ... ... ..... 167
AmericanExercise (American eXercise ) . . . . . . . .. i i e e e 168
AmericanPayoffAtExpiry . . .. ... ... L 169
AmericanPayoffAtHit . . ... ... . 170
AnalyticBarrierEngine (Pricing engine for barrier options using analytical formulae ) . . 171
AnalyticCapFloorEngine (Analytic engine for cap/floor) . .. .. ... ... ... . ... 172

AnalyticCliquetEngine (Pricing engine for Cliquet options using analytical formulae ) . 173
AnalyticContinuousFixedLookbackEngine (Pricing engine for European continuous

fixed-strike lookback ) . . . . . . . ... ... 174
AnalyticContinuousFloatingL.ookbackEngine (Pricing engine for European continuous
floating-strike lookback ) . . ... ... ... .. .. o oo 175
AnalyticContinuousGeometricAveragePriceAsianEngine (Pricing engine for European
continuous geometric average price Asian) . . .. ... ... ... .. ... 176
AnalyticDigitalAmericanEngine . . . .. ... ... . o L L L oo 177
AnalyticDiscreteGeometricAveragePriceAsianEngine (Pricing engine for European dis-
crete geometric average price Asian ) . . ... ... ... 178
AnalyticDividend EuropeanEngine (Analytic pricing engine for European options with
discretedividends ) . . . . .. ... . 179
AnalyticEuropeanEngine (Pricing engine for European vanilla options using analytical
formulae) . . . . . . 180
AnalyticHestonEngine (Analytic Heston-model engine based on Fourier transform ) . . 181
AnalyticPerformanceEngine (Pricing engine for performance options using analytical
formulae) . . . . . .. 182
Argentina (Argentiniancalendars) . . . ... ... ... L L oL oL 183

Arguments (Base class for generic argument groups ) . . . ... ... ... ... ... 185
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ArmijoLineSearch (Armijolinesearch ). . . . . .. ... ... ... ... ... ... ... 186
Array (1-D array used in linearalgebra ) . . . . . ... ... ... ... . ... L. 187
ARSCurrency (Argentinianpeso ) . . . . . . ... ... ... 190
AssetOrNothingPayoff (Binary asset-or-nothing payoff) . ... .............. 191
AssetSwap (Assetswap ) . . . . . . .. 192
AssetSwap::arguments (Arguments for asset swap calculation) . .. ... ... ... .. 194
AssetSwap::results (Results from simple swap calculation) . . . ... ... .. ... ... 195
ATSCurrency (Austrianshilling) . . . ... ... .. . .. o o o oo 196
AUDCurrency (Australiandollar) . .. ... ... ... ... .. .. .. .. ... 197
AUDLibor (AUDLIBORrate ) . . . . . . .. oot e 198
Australia (Australiancalendar ) . . . . . . . . . . ... 199
Average (Placeholder for enumerated averaging types) . . . ... ... ... ... .. .. 200
BackwardFlat (Backward-flat interpolation factory and traits ) . . . ... ... ... ... 201
BackwardFlatInterpolation (Backward-flat interpolation between discrete points ) . . . . 202
BaroneAdesiWhaleyApproximationEngine . . . ... ... ... ... .. .. .. .. ... 203
Barrier (Placeholder for enumerated barriertypes). . . . . ... ... ... L L. 204
BarrierOption (Barrier optiononasingleasset) . . . .. .. ... ....... ... ..., 205
BarrierOption::arguments (Arguments for barrier option calculation) . . . . . .. .. .. 207
BarrierOption::engine (Barrier enginebaseclass) . . . . .. .. ........ .. .. ... 208
BasketOption (Basket option on anumberofassets) . . . . .. ....... ... ..... 209
BasketOption::arguments (Arguments for basket option calculation) . . ... ... ... 211
BasketOption::engine (Basket option engine baseclass) . . . . . ... ... .. ... ... 212
BatesEngine (Bates model engines based on Fourier transform) . .. ... .. ... ... 213
BatesModel . . . .. ... 215
BDTCurrency (Bangladeshtaka) . . ... ...... ... ... ... ... ... ...... 216
BEFCurrency (Belgianfranc) . . ... ... ... . ... ... ... . .. . ... 217
BermudanExercise (Bermudanexercise ) . . . . . . . . . ... 218
BGLCurrency (Bulgarianlev) . . . . . ... ... . L 219
Bicubic (Bicubic-spline interpolation factory ) . . . .. ... ... ... ... ... ... 220
BicubicSpline . . . ... ... 221
Bilinear (Bilinear interpolation factory ) . . . ... ... ... ... ... ... . . 0. 222
BilinearInterpolation (Bilinear interpolation between discrete points ) . . . . . . ... .. 223
BinomialConvertibleEngine (Binomial Tsiveriotis-Fernandes engine for convertible
bonds) . . . . .. 224
BinomialDistribution (Binomial probability distribution function) . . . . ... ... ... 225
BinomialTree (Binomial treebaseclass) . . . . . ... ... ... . .. ... ........ 226
BinomialVanillaEngine (Pricing engine for vanilla options using binomial trees) . . . . 227
Bisection (Bisection 1-Dsolver) . . . . . . . . . . . . . . e 228
BivariateCumulativeNormalDistributionDr78 (Cumulative bivariate normal distribu-
tionfunction) . . . . . . . . L 229
BivariateCumulativeNormalDistributionWe04DP (Cumulative bivariate normal disti-
bution function (West2004) ) . . . . . . . . . . 230
BjerksundStensland ApproximationEngine . . . . ... ... oo oL 231
BlackCapFloorEngine (Black-formula cap/floorengine) . . . . .. ... ... ... .... 232
BlackConstantVol (Constant Black volatility, no time-strike dependence ) . . . . . . . .. 233
BlackFormula (Black-formula calculator) . . . ... ... ... ... .. ... ... .. 235
BlackKarasinski (Standard Black-Karasinski modelclass) . . . . . .. ... ... ... .. 237
BlackKarasinski::Dynamics (Short-rate dynamics in the Black-Karasinski model ) . . . . 238
BlackProcess (Black (1976) stochastic process) . . . .. ... ... ... ... .. .. ... 239

BlackScholesLattice (Simple binomial lattice approximating the Black-Scholes model ) . 240
BlackScholesMertonProcess (Merton (1973) extension to the Black-Scholes stochastic

PrOCESS ) . o o v v i e 241
BlackScholesProcess (Black-Scholes (1973) stochastic process) . . ... .. ... ... .. 242
BlackSwaptionEngine (Black-formula swaptionengine ). . . . . ... ... .. ... ... 243
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BlackVarianceCurve (Black volatility curve modelled as variancecurve) . . . .. .. .. 244
BlackVarianceSurface (Black volatility surface modelled as variance surface) . ... .. 246
BlackVarianceTermStructure (Black variance term structure ) . . . . . ... ... ... .. 248
BlackVolatilityTermStructure (Black-volatility term structure) . . .. ... .. ... ... 250
BlackVolTermStructure (Black-volatility term structure ) . . . . .. ... .. ... ... .. 252
Bond (Basebond class) . . . . . . . . . ... e 255
BoundaryCondition (Abstract boundary condition class for finite difference problems) 259
BoundaryConstraint (Constraint imposing all arguments to be in [low,high]) . . .. .. 261
BoxMullerGaussianRng (Gaussian random number generator ) . .. ......... .. 262
Brazil (Braziliancalendar) . . . . . . . . . ... e 263
Brent (Brent 1-Dsolver ) . . . . . . . . . . . . e 265
Bridge (The Bridge pattern made explicit) . . . . . . .. ... .. ... ... .. .. ... 266
BRLCurrency (Brazilianreal ) . . .. .. ... ... .. .. .. .. . 267
BrownianBridge (Builds Wiener process paths using Gaussian variates) . ... ... .. 268
BSMOperator (Black-Scholes-Merton differential operator) . . . . ... ... ... .. .. 269
Business252 (Business/252 day count convention) . . . .. ... ... ... ... L. 270
BYRCurrency (Belarussianruble) . . . . . . .. ... . L oo 271
CADCurrency (Canadiandollar) . . . ... .. ... ... .. .. .. .. ... .. .. ... 272
CADLibor (CADLIBORrate) . . . . . . .. i e 273
Calendar (calendarclass) . . . .. . .. . . e 274
Calendar::OrthodoxImpl (Partial calendar implementation) . .. ... .. ... ... .. 280
Calendar::WesternIlmpl (Partial calendar implementation) . ... ... ... ... .... 281
CalendarImpl (Abstract base class for calendar implementations) . . . . ... ... ... 282
CalibratedModel (Calibrated modelclass ). . . . . . ... .. ... ... ... ...... 283
CalibrationHelper (Liquid market instrument used during calibration) . . . . . ... .. 285
Callability (Instrument callability ) . .. ... .. ... .. ... ... .. ... .. ..., 287
Callability::Price (Amount to be paid upon callability ) . ... ... ... ... .. ... .. 288
Canada (Canadian calendar ) . . . . .. .. . . . . .. i 289
Cap (Concretecapclass) . . . . . .. ..o i 290
CapFloor (Base class for cap-likeinstruments ) . . ... ....... ... ... ...... 291
CapFloor::arguments (Arguments for cap/floor calculation) . ... ... ... ... ... 293
CapFloor::engine (Base class for cap/floorengines) . . . . . .. ... .. ... ... ..., 294
CapFloor:results (Results from cap/floor calculation) . . . . ... ... ... ... ... 295
CapHelper (Calibration helper for ATMcap) . . . .. ........ ... ... ...... 296
CapletConstantVolatility (Constant caplet volatility, no time-strike dependence) . ... 297
CapletVolatilityStructure (Caplet/floorlet forward-volatility structure) . . .. ... ... 299
CapVolatilityStructure (Cap/floor term-volatility structure ) . . . . . . .. ... ... ... 301
CapVolatility Vector (Cap/floor at-the-money term-volatility vector) . . . . . . ... ... 303
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Chapter 5

QuantLib File Index

5.1 QuantLib File List

Here is a list of all documented files with brief descriptions:

ql/argsandresults.hpp (Base classes for generic arguments and results ) . . . .. ... .. 1191
ql/calendarhpp (calendarclass ) . . . . . .. ... . L 1193
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ql/cashflow.hpp (Base class forcash flows ) . ... ... .. ... ... .. .. .. ..... 1231
ql/currencyhpp (Known currencies) . . . . ... .. ... ... 1259
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ql/daycounterhpp (Day counterclass) . . . . ... ... ... . ... ... .. .. ... 1263
ql/discretizedasset.hpp (Discretized assetclasses) . . . ... ... ... .......... 1271
ql/errors.hpp (Classes and functions for error handling ). . . . .. ....... ... ... 1272
ql/event.hpp (Base class for events associated with a givendate) . . . . . ... ... ... 1275
ql/exchangerate.hpp (Exchange rate between two currencies) . . ... .. .. ... ... 1276
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ql/grid.hpp (Grid constructors ) . . . . . .. ... . L L L 1303
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ql/index.hpp (Purely virtual base class forindexes ) . . .. ... ... ... . ... ... 1305
ql/instrument.hpp (Abstract instrumentclass) . ... ... ........ ... ... ... 1339
ql/interestrate.hpp (Instrumentrateclass) . . . . ... ... ... .. .. ... .. ... 1375
ql/money.hpp (Cash amountinagivencurrency ) . ... ....... ... .. ...... 1440
ql/numericalmethod.hpp (Numerical method class) . . . . .. ...... ... ... ... 1455
ql/option.hpp (Base optionclass) . . . ... ... ... ... ... L o 1469
ql/payofthpp (Option payoffclasses) . ... ... ... ... ... ... ... ... ... 1477
ql/period.hpp (Period- and frequency-related classes and enumerations ) . . . . . . . .. 1478
ql/position.hpp (Short or long position) . . . ... ... ... .. ... ... .. ... 1480
ql/prices.hpp (Priceclasses) . . . . . . . .. . . L 1491
ql/pricingengine.hpp (Base class for pricingengines) . ... ... ............. 1492
ql/qldefines.hpp (Global definitions and compiler switches) . . . ... ... .. ... .. 1577
ql/quote.hpp (Purely virtual base class for market observables) . ... ... ... .. .. 1579
ql/schedule hpp (Dateschedule) . . . ... ..... ... ... ... .. .. .. ... 1595
ql/settings.hpp (Global repository for run-time library settings) . .. ... ... ... .. 1596
ql/solverld.hpp (Abstract 1-Dsolverclass) . . . . ... ......... ... .. ..... 1624
ql/stochasticprocess.hpp (Stochastic processes ) . . . . . .. .. ... .. .. L L. 1632
ql/swaptionvolstructure.hpp (Swaption volatility structure) . . .. ... ... ... ... 1633

ql/termstructure.hpp (Base class for term structures ) . . . . . .. ... ... L. L. 1634
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ql/timegrid.hpp (Discrete timegrid ) . . . . ... ... ... ... ... ... ... ... 1654
ql/timeseries.hpp (Timeseriesclass) . . .. ... ... ... ... .. .. ... .. .. ... 1655
ql/types.hpp (Custom types) . . ... ... ... ... ... 1656
ql/volatilitymodel. hpp (Volatility term structures ) . . . ... ... .. ... ... .. ... 1684
ql/voltermstructure. hpp (Volatility term structures) . . . ... .. ... ... .. .. ... 1689
ql/yieldtermstructure.hpp (Interest-rate term structure ) . . . . . ... ... ... ... .. 1690
gl/Calendars/argentina.hpp (Argentinian calendars ) . . . . .. .. ... ... ... ... 1195
ql/Calendars/australia.hpp (Australiancalendar) . . . . . ... ........ ... ..., 1196
ql/Calendars/brazil.hpp (Brazilian calendar) . ... ... ... ... ... ... ...... 1197
ql/Calendars/canada.hpp (Canadian calendar) . . .. ... ................. 1198
gl/Calendars/china.hpp (Chinese calendar ) . . .. ... .. ... .............. 1199
ql/Calendars/czechrepublic.hpp (Czechcalendars) . . . . .. ....... ... ... ... 1200
ql/Calendars/denmark.hpp (Danish calendar) . .. ... .. .. ... .. .. ... ... 1201
ql/Calendars/finland.hpp (Finnish calendar) . .. ... ....... ... ... ...... 1202
ql/Calendars/germanyhpp (Germancalendars) . . ... .................. 1203
gl/Calendars/hongkong.hpp (Hong Kong calendars) . . ... ... ............ 1204
ql/Calendars/hungary.hpp (Hungarian calendar) . . . . .. ... ... .. ... ... 1205
gl/Calendars/iceland.hpp (Icelandic calendars) . . . . . ... .. ....... ... ... 1206
gl/Calendars/india.hpp (Indian calendars) . ... ... ... ................ 1207
ql/Calendars/indonesia.hpp (Indonesian calendars) . . .. ... ... ... ... ..... 1208
ql/Calendars/italyhpp (Italiancalendars) . . . ... ... ... ... ... ....... 1209
ql/Calendars/japan.hpp (Japanesecalendar ). . . . . .. ... .. ... ... ... ... 1210
ql/Calendars/jointcalendar.hpp (Jointcalendar). . . . ... ... ... ... ... ... 1211
ql/Calendars/mexico.hpp (Mexican calendars) . . ... ... ... . ... ... ...... 1212
ql/Calendars/newzealand.hpp (New Zealand calendar) . . . . .. ... ... ....... 1213
ql/Calendars/norway.hpp (Norwegian calendar) . . . . .. ......... ... ..... 1214
gl/Calendars/nullcalendar.hpp (Calendar for reproducing theoretical calculations ) . . . 1215
gl/Calendars/poland.hpp (Polish calendar) . . . ... ... ... ... ... ... ... 1216
ql/Calendars/saudiarabia.hpp (Saudi Arabian calendar ). . . . . . ... ... ....... 1217
ql/Calendars/singapore.hpp (Singaporecalendars) . . . . . ... .............. 1218
ql/Calendars/slovakia.hpp (Slovak calendars ). . . . . ... ....... ... .. ..... 1219
gl/Calendars/southafrica.hpp (South-African calendar) . . .. .. ... ... ... .... 1220
gl/Calendars/southkorea.hpp (South Korean calendars) . . . . . ... ... . ... .... 1221
ql/Calendars/sweden.hpp (Swedish calendar) . . ... ... ... . ... ... ... ... 1222
ql/Calendars/switzerland. hpp (Swisscalendar) . . . .. . ... ........ .. .. ... 1223
ql/Calendars/taiwan.hpp (Taiwanese calendars) . . .. ... ... ... ... ... ... 1224
ql/Calendars/target.hpp (TARGET calendar ) . .. ... ... ...... ... ....... 1225
ql/Calendars/turkey.hpp (Turkish calendar) . . . . . .. ... .. ... ... ... ... 1226
ql/Calendars/ukraine.hpp (Ukrainian calendars) . . . ... .... ... ... ...... 1227
ql/Calendars/unitedkingdom.hpp (UK calendars) . ... .................. 1228
ql/Calendars/unitedstates.hpp (UScalendars) . . ... ....... ... ... ...... 1229
ql/CashFlows/analysis.hpp (Cash-flow analysis functions) . . . ... ... ........ 1232
ql/CashFlows/cashflowvectors.hpp (Cash flow vector builders) . .. ... ... ... .. 1233
ql/CashFlows/cmscoupon.hpp (CMScoupon) . . ... ....... ... ... ...... 1234
ql/CashFlows/conundrumpricerhpp . . . . .. ... ... ... . . oo L 1236
ql/CashFlows/coupon.hpp (Coupon accruing over a fixed period ) . . . . ... ... ... 1237
ql/CashFlows/dividend.hpp (A stock dividend ) . . ... ... ..... ... .. ..... 1238
ql/CashFlows/fixedratecoupon.hpp (Coupon paying a fixed annualrate) . . . . . . . .. 1239
ql/CashFlows/floatingratecoupon.hpp (Coupon paying a variable index-based rate ) . . 1240
ql/CashFlows/inarrearindexedcoupon.hpp (In-arrear floating-rate coupon) .. ... .. 1241
ql/CashFlows/indexedcashflowvectors.hpp (Indexed cash-flow vector builders ) . . . . . 1242
ql/CashFlows/indexedcoupon.hpp (Indexed coupon) . . .. ... ...... .. .. ... 1243
ql/CashFlows/parcoupon.hpp (Coupon at par on a term structure ) . . ... ... .. .. 1244

ql/CashFlows/shortfloatingcoupon.hpp (Short (or long) coupon at par on a term structure )1245
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ql/CashFlows/shortindexedcoupon.hpp (Short (or long) indexed coupon) . . ... ... 1246
ql/CashFlows/simplecashflow.hpp (Predetermined cashflow) . . .. ... .. ... ... 1247
ql/CashFlows/timebaskethpp . . . ... ... ... ... ... ... ... ... ... ... 1248
ql/CashFlows/upfrontindexedcoupon.hpp (Up front indexed coupon) . ... ... ... 1249
ql/Currencies/africa.hpp (African currencies ) . . . . .. .. ... ... ... ... .. ... 1250
ql/Currencies/america.hpp (American currencies ) . . . .. .. ... .. ... ... .... 1251
ql/Currencies/asia.hpp (Asian currencies ) . . . . . . ... ... ... ... ... 1252
ql/Currencies/europe.hpp (European currencies ) . . . . .. ... ... ... ... .. ... 1254
ql/Currencies/exchangeratemanager.hpp (Exchange-rate repository ) . ... ... .. .. 1257
ql/Currencies/oceania.hpp (Oceanian currencies ) . . . . . ... .. .. ... .. ...... 1258
ql/DayCounters/actual360.hpp (Act/360 day counter) . . . ... ... ... . ... ... 1264
ql/DayCounters/actual365fixed.hpp (Actual/365 (Fixed) day counter ) . . . . .. ... .. 1265
ql/DayCounters/actualactual.hpp (Act/act day counters) . . ... ... ... ....... 1266
ql/DayCounters/business252.hpp (Business/252 day counter ) . . . . ... ... ... ... 1267
ql/DayCounters/one.hpp (1/1daycounter) . ... ....... ... ... .. ..... 1268
ql/DayCounters/simpledaycounter.hpp (Simple day counter for reproducing theoretical

calculations) . . . . . . .. 1269
ql/DayCounters/thirty360.hpp (30/360 day counters ). . . . . ... ... ... ... .... 1270
ql/FiniteDifferences/americancondition.hpp (American option exercise condition ) . .. 1278
ql/FiniteDifferences/boundarycondition.hpp (Boundary conditions for differential oper-

atorS ) . . . e e e 1279
ql/FiniteDifferences/bsmoperatorhpp (Differential operator for Black-Scholes-Merton

equation) . . .. ... 1280
ql/FiniteDifferences/bsmtermoperator.hpp (Differential operator for Black-Scholes-

Mertonequation) . .. ... .. ... ... 1281
ql/FiniteDifferences/cranknicolson.hpp (Crank-Nicolson scheme for finite difference

methods) . . . . . . . . .. e 1282
ql/FiniteDifferences/dminus.hpp (D- matricial representation) . . . . . . ... ... ... 1283
ql/FiniteDifferences/dplus.hpp (D, matricial representation) . . . .. ... .. ... ... 1284
ql/FiniteDifferences/dplusdminus.hpp (D, D_ matricial representation) . . . . . ... .. 1285
ql/FiniteDifferences/dzero.hpp (Do matricial representation) . . . .. .. ... ... ... 1286
ql/FiniteDifferences/expliciteuler.hpp (Explicit Euler scheme for finite difference meth-

0dS ) . . 1287
ql/FiniteDifferences/fdtypedefs.hpp (Default choices for template instantiations) . . .. 1288
ql/FiniteDifferences/finitedifferencemodelhpp (Generic finite difference model ) . . . . . 1289
ql/FiniteDifferences/impliciteuler.hpp (Implicit Euler scheme for finite difference meth-

ods ) . . . e 1290
ql/FiniteDifferences/mixedscheme.hpp (Mixed (explicit/implicit) scheme for finite differ-

encemethods) . . . . .. .. . 1291
ql/FiniteDifferences/onefactoroperator.hpp (General differential operator for one-factor

interestratemodels ) . . . . . . ..o 1292
ql/FiniteDifferences/operatorfactory.hpp (Factory for finite difference operators) . ... 1293
ql/FiniteDifferences/operatortraits.hpp (Differential operator traits) . . . . ... ... .. 1294
ql/FiniteDifferences/parallelevolver.hpp (Parallel evolver for multiple arrays) . . . . . . 1295
ql/FiniteDifferences/pde.hpp (General class for one dimensional PDE’s) . . . ... ... 1296
ql/FiniteDifferences/pdebsm.hpp (Black-Scholes-Merton PDE) . . . . .. ... ... ... 1297
ql/FiniteDifferences/pdeshortrate. hpp (Adapter to shortrate) . ... ... ... ... .. 1298
ql/FiniteDifferences/shoutcondition.hpp (Shout option exercise condition) . . . . . . . . 1299
ql/FiniteDifferences/stepcondition.hpp (Conditions to be applied at every time step ) . . 1300
ql/FiniteDifferences/tridiagonaloperator.hpp (Tridiagonal operator) . . . . . ... .. .. 1301
ql/FiniteDifferences/zerocondition.hpp (Zero option exercise condition) . .. ... ... 1302
ql/Indexes/audliborhpp (AUD LIBORrate) . . . ... ... .. .. .. ... ....... 1306
ql/Indexes/cadlibor.hpp (CAD LIBORrate) . . ... ... ... .. ... ... ....... 1307
ql/Indexes/cdorhpp (CDORrate) . . . . .. ... ... .. .. .. .. .. .. 1308
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ql/Indexes/chfliborhpp (CHF LIBORrate) . . . . . ... ... .. ... ... ....... 1309
ql/Indexes/dkkliborhpp (DKK LIBORrate) . . . . . ... ... ... .. ... ... ... 1310
ql/Indexes/euribor.hpp (Euriborindex) . .. ... ... ... ... ... ... ... ... 1311
ql/Indexes/euriborswapfixa.hpp (euriborswapfixaindex) . . . .. .. ... .. ... ... 1314
ql/Indexes/euriborswapfixifrhpp (EuriborSwapFixIFRindex ) . . .. ... ... ... .. 1316
ql/Indexes/eurliborhpp (EURLIBORrate) . .. ... ... ... .. ... ....... 1318
ql/Indexes/eurliborswapfixa.hpp (eurliborswapfixaindex) . . .. ... ... . ... ... 1320
ql/Indexes/eurliborswapfixb.hpp (eurliborswapfixbindex) . . . . .. ... .. ... ... 1322
ql/Indexes/eurliborswapfixifrhpp (eurliborswapfixifrindex) . . . .. ... .. ... ... 1324
ql/Indexes/gbplibor.hpp (GBP LIBORrate) . . ... ... ... ... ... .. ..... 1326
ql/Indexes/indexmanager.hpp (Global repository for past index fixings) . ... ... .. 1327
ql/Indexes/interestrateindex.hpp (Base class for interest rate indexes ) . . . . .. ... .. 1328
ql/Indexesfjibarhpp (JIBARrate) . . . . .. ... ... ... 1329
ql/Indexes/jpyliborhpp (JPY LIBORrate) . . .. .. ... ... ... .. ... ....... 1330
ql/Indexes/libor.hpp (Base class for BBA LIBORindexes) . . ... ... ... ....... 1331
ql/Indexes/nzdliborhpp (NZD LIBORrate) . . . . ... ... ... ... ... ... ... 1332
ql/Indexes/swapindex.hpp (Swap-rateindexes) . . ... ... ... ... .. .. .. ... 1333
gql/Indexes/tiborhpp JPY TIBORrate) . . . . ... ... ... .. .. .. ... ... ..., 1334
gql/Indexes/trliborhpp (TRY LIBORrate ) . . . . . .. ... ... ... .. ... ....... 1335
ql/Indexes/usdlibor.hpp (USD LIBORrate) . .. .. ... ...... ... ... .. ..... 1336
ql/Indexes/xibor.hpp (Base class for LIBOR-likeindexes) . . . .. ... ... ... .... 1337
ql/Indexes/ziborhpp (CHF ZIBORrate) . . . . ... .. ... ... ... ... ....... 1338
ql/Instruments/asianoption.hpp (Asian option on asingleasset) . . . . .. ... ... .. 1340
ql/Instruments/assetswap.hpp (Bullet Bond vs Liborswap ). . . . ... ... ... .. .. 1341
ql/Instruments/barrieroption.hpp (Barrier option on a singleasset) . .. ... ... ... 1342
ql/Instruments/basketoption.hpp (Basket option on a number of assets) . . .. ... .. 1343
ql/Instruments/bond.hpp (Concrete bond class) . . .. .. ... ... ... ... ... 1344
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ql/Instruments/capfloorhpp (Cap and Floorclass ) . . . ... ... ............. 1346
q/Instruments/cliquetoption.hpp (Cliquetoption) . . . . . ... ... ... ...... 1348
ql/Instruments/compositeinstrument.hpp (Composite instrumentclass) . .. ... ... 1349
ql/Instruments/convertiblebond.hpp (Convertible bond class) . . . . ... .. ... ... 1350
ql/Instruments/dividendschedule.hpp (Schedule of dividend dates ) . . . . .. ... ... 1352
ql/Instruments/dividendvanillaoption.hpp (Vanilla option on a single asset with discrete

dividends) . . . . . . . L 1353
ql/Instruments/europeanoption.hpp (European option on a singleasset) . . . ... ... 1354
ql/Instruments/fixedcouponbond.hpp (Fixed-couponbond) . . ... ... ... ... .. 1355
ql/Instruments/fixedcouponbondforward.hpp (Forward contract on a fixed-coupon

bond) . . . .. 1356
q/Instruments/floatingratebond.hpp (Floating-ratebond ) . .. ... ... ... ... .. 1357
ql/Instruments/forward.hpp (Base forwardclass) . .. ... ... ... ... .. .. ... 1358
ql/Instruments/forwardrateagreement.hpp (Forward rate agreement ) . . . . . . ... .. 1359
ql/Instruments/forwardvanillaoption.hpp (Forward version of a vanilla option) . . . . . 1360
ql/Instruments/lookbackoption.hpp (Lookback option on a singleasset) . .. ... ... 1361
ql/Instruments/multiassetoption.hpp (Option on multiple assets ) . . . .. ... ... .. 1362
ql/Instruments/oneassetoption.hpp (Option on asingleasset) . . ... ... ... .. .. 1363
ql/Instruments/oneassetstrikedoption.hpp (Option on a single asset with striked payoff) 1364
ql/Instruments/payoffs.hpp (Payoffs for various options ) . . . . ... ... .. ... ... 1365
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option) . . . ... e 1366
ql/Instruments/quantovanillaoption.hpp (Quanto version of a vanilla option ) . . . . . . 1367
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6.1 Numeric types

6.1.1 Detailed Description

A number of numeric types are defined in order to add clarity to function and method declarations.

Typedefs

e typedef QL_INTEGER Integer

integer number

e typedef QL_BIG_INTEGER BigInteger

large integer number

e typedef unsigned QL_INTEGER Natural

positive integer

e typedef QL_REAL Real

real number

e typedef Real Decimal

decimal number

o typedef std::size_t Size

size of a container

e typedef Real Time

continuous quantity with 1-year units

o typedef Real DiscountFactor

discount factor between dates

o typedef Real Rate

interest rates
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o typedef Real Spread

spreads on interest rates

o typedef Real Volatility
volatility
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6.2 Currencies and FX rates

Classes

e class ZARCurrency
South-African rand.

e class ARSCurrency

Argentinian peso.

e class BRLCurrency

Brazilian real.

e class CADCurrency

Canadian dollar.

e class CLPCurrency
Chilean peso.

e class COPCurrency

Colombian peso.

e class MXNCurrency

Mexican peso.

e class TTDCurrency
Trinidad & Tobago dollar.

e class USDCurrency
U.S. dollar.

e class VEBCurrency

Venezuelan bolivar.

e class BDTCurrency
Bangladesh taka.

e class CNYCurrency

Chinese yuan.

e class HKDCurrency
Honk Kong dollar.

e class ILSCurrency

Israeli shekel.

e class INRCurrency

Indian rupee.

e class IQDCurrency
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Iraqi dinar.

class IRRCurrency

Iranian rial.

class JPYCurrency

Japanese yen.

class KRWCurrency

South-Korean won.

class KWDCurrency

Kuwaiti dinar.

class NPRCurrency
Nepal rupee.

class PKRCurrency

Pakistani rupee.

class SARCurrency
Saudi riyal.

class SGDCurrency
Singapore dollar.

class THBCurrency
Thai baht.

class TWDCurrency

Taiwan dollar.

class BGLCurrency

Bulgarian lev.

class BYRCurrency

Belarussian ruble.

class CHFCurrency

Swiss franc.

class CYPCurrency
Cyprus pound.

class CZKCurrency

Czech koruna.

class DKKCurrency

Danish krone.
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e class EEKCurrency

Estonian kroon.

e class EURCurrency

European Euro.

e class GBPCurrency
British pound sterling.

e class HUFCurrency

Hungarian forint.

e class ISKCurrency

Iceland krona.

e class LTLCurrency

Lithuanian litas.

e class LVLCurrency

Latvian lat.

e class MTLCurrency

Maltese lira.

e class NOKCurrency

Norwegian krone.

e class PLNCurrency
Polish zloty.

e class ROLCurrency

Romanian leu.

e class RONCurrency

Romanian new leu.

e class SEKCurrency

Swedish krona.

e class SITCurrency

Slovenian tolar.

e class SKKCurrency

Slovak koruna.

e class TRLCurrency
Turkish lira.

e class TRYCurrency
New Turkish lira.
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class ATSCurrency
Austrian shilling.

class BEFCurrency
Belgian franc.

class DEMCurrency

Deutsche mark.

class ESPCurrency
Spanish peseta.

class FIMCurrency

Finnish markka.

class FRFCurrency

French franc.

class GRDCurrency

Greek drachma.

class IEPCurrency
Irish punt.

class ITLCurrency

Italian lira.

class LUFCurrency

Luxembourg franc.

class NLGCurrency
Dutch guilder.

class PTECurrency

Portuguese escudo.

class AUDCurrency

Australian dollar.

class NZDCurrency
New Zealand dollar.
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6.3 Date and time calculations

6.3.1 Detailed Description

The concrete class QuantLib: :Date implements the concept of date. Its functionalities include:

e providing basic information such as weekday, day of the month, day of the year, month,
and year;

e comparing two dates to determine whether they are equal, or which one is the earlier or
later, or the difference between them expressed in days;

e incrementing or decrementing a date of a given number of days, or of a given period
expressed in weeks, months, or years.

Modules

e Calendars

e Day counters

Classes

e class Calendar

calendar class

e class Date

Concrete date class.

e class DayCounter

day counter class

e class Period

Time period described by a number of a given time unit.

Typedefs

e typedef Integer Day

Day number.

o typedef Integer Year

Year number.
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Enumerations

e enum BusinessDayConvention {
Following, ModifiedFollowing, Preceding, ModifiedPreceding,
Unadjusted, MonthEndReference, UnadjustedMonthEnd }

Business Day conventions.

e enum Weekday {
Sunday = 1, Monday = 2, Tuesday = 3, Wednesday = 4,
Thursday = 5, Friday = 6, Saturday =7, Sun =1,
Mon =2, Tue = 3, Wed = 4, Thu =5,

Fri=6,Sat=7}
e enum Month {

January = 1, February = 2, March = 3, April =4,

May =5, June = 6, July =7, August =8,

September = 9, October = 10, November = 11, December = 12,
Jan =1, Feb =2, Mar = 3, Apr =4,

Jun=6,Jul =7, Aug =8, Sep =9,

Oct =10, Nov=11,Dec=12}

Month names.

e enum Frequency {
NoFrequency = -1, Once = 0, Annual = 1, Semiannual = 2,
EveryFourthMonth = 3, Quarterly = 4, Bimonthly = 6, Monthly = 12,
Biweekly = 26, Weekly = 52, Daily = 365 }

Frequency of events.

e enum TimeUnit { Days, Weeks, Months, Years }

Units used to describe time periods.

6.3.2 Enumeration Type Documentation
6.3.2.1 enum BusinessDayConvention

Business Day conventions.

These conventions specify the algorithm used to adjust a date in case it is not a valid business
day.

Enumerator:

Following Choose the first business day after the given holiday.

ModifiedFollowing Choose the first business day after the given holiday unless it belongs
to a different month, in which case choose the first business day before the holiday.

Preceding Choose the first business day before the given holiday.
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ModifiedPreceding Choose the first business day before the given holiday unless it belongs
to a different month, in which case choose the first business day after the holiday.

Unadjusted Do not adjust.

MonthEndReference Choose the first business day after the given holiday. If the original
date falls on last business day of the month, choose the last business day of the month

UnadjustedMonthEnd Do not adjust, unless the original date falls on the last business day
of month. In this case, choose the last day of the month regardless of whether it is a
business day.

6.3.2.2 enum Weekday

Day’s serial number MOD 7; WEEKDAY Excel function is the same except for Sunday = 7.

6.3.2.3 enum Frequency
Frequency of events.

Enumerator:

NoFrequency null frequency

Once only once, e.g., a zero-coupon
Annual once a year

Semiannual twice a year
EveryFourthMonth every fourth month
Quarterly every third month
Bimonthly every second month
Monthly once a month

Biweekly every second week

Weekly once a week

Daily once a day
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6.4 Calendars

6.4.1 Detailed Description

The class QuantLib: : Calendar provides the interface for determining whether a date is a business
day or a holiday for a given exchange or a given country, and for incrementing/decrementing a
date of a given number of business days. A number of calendars is contained in the q1/Calendars
directory.

Classes

e class Argentina

Argentinian calendars.

e class Australia

Australian calendar.

e class Brazil

Brazilian calendar.

e class Canada

Canadian calendar.

e class China

Chinese calendar.

e class CzechRepublic

Czech calendars.

e class Denmark

Danish calendar.

e class Finland

Finnish calendar.

e class Germany

German calendars.

e class HongKong
Hong Kong calendars.

e class Hungary

Hungarian calendar.

e class Iceland

Icelandic calendars.

e class India

Indian calendars.
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e class Indonesia

Indonesian calendars

o class Italy

Italian calendars.

e class Japan

Japanese calendar.

e class JointCalendar

Joint calendar.

e class Mexico

Mexican calendars

e class NewZealand

New Zealand calendar.

e class Norway

Norwegian calendar.

e class NullCalendar

Calendar for reproducing theoretical calculations.

e class Poland

Polish calendar.

e class SaudiArabia

Saudi Arabian calendar.

e class Singapore

Singapore calendars

e class Slovakia

Slovak calendars.

e class SouthAfrica
South-African calendar.

e class SouthKorea

South Korean calendars.

e class Sweden

Swedish calendar.

e class Switzerland

Swiss calendar.

class Taiwan
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Taiwanese calendars.

e class TARGET
TARGET calendar

e class Turkey

Turkish calendar.

e class Ukraine

Ukrainian calendars.

e class UnitedKingdom

United Kingdom calendars.

e class UnitedStates

United States calendars.
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6.5 Day counters

6.5.1 Detailed Description

The class QuantLib: :DayCounter provides more advanced means of measuring the distance
between two dates according to a given market convention, both as number of days of fraction
of year. A number of such conventions is contained in the ql/DayCounters directory.

Classes

e class Actual360

Actual/360 day count convention.

e class Actual365Fixed
Actual/365 (Fixed) day count convention.

e class ActualActual

Actual/Actual day count.

e class Business252

Business/252 day count convention.

e class OneDayCounter

1/1 day count convention

e class SimpleDayCounter

Simple day counter for reproducing theoretical calculations.

o class Thirty360
30/360 day count convention
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6.6

Pricing engines

Modules

Asian option engines
Barrier option engines
Basket option engines
Cap/floor engines
Cliquet option engines
Forward option engines
Quanto option engines
Swaption engines
Vanilla option engines
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6.7 Asian option engines

Classes

e class AnalyticContinuousGeometricAveragePriceAsianEngine

Pricing engine for European continuous geometric average price Asian.

e class AnalyticDiscreteGeometricAveragePriceAsianEngine

Pricing engine for European discrete geometric average price Asian.

e class MCDiscreteArithmeticAPEngine

Monte Carlo pricing engine for discrete arithmetic average price Asian.

e class MCDiscreteGeometricAPEngine

Monte Carlo pricing engine for discrete geometric average price Asian.

e class MCDiscreteAveragingAsianEngine

Pricing engine for discrete average Asians using Monte Carlo simulation.
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6.8 Barrier option engines

Classes

e class AnalyticBarrierEngine

Pricing engine for barrier options using analytical formulae.

e class MCBarrierEngine

Pricing engine for barrier options using Monte Carlo simulation.
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6.9 Basket option engines

Classes

e class MCAmericanBasketEngine

least-square Monte Carlo engine

e class MCBasketEngine

Pricing engine for basket options using Monte Carlo simulation.

e class StulzEngine
Pricing engine for 2D European Baskets.
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6.10 Cap/floor engines

Classes

e class AnalyticCapFloorEngine
Analytic engine for capjfloor.

e class BlackCapFloorEngine

Black-formula capjfloor engine.

e class MCHullWhiteCapFloorEngine

Monte Carlo Hull-White engine for capjfloors.

e class TreeCapFloorEngine

Numerical lattice engine for cap/floors.
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6.11 Cliquet option engines

Classes

e class AnalyticCliquetEngine

Pricing engine for Cliquet options using analytical formulae.

e class AnalyticPerformanceEngine

Pricing engine for performance options using analytical formulae.
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6.12 Forward option engines

Classes

e class ForwardEngine

Forward engine base class.

e class ForwardPerformanceEngine

Forward performance engine.

e class MCVarianceSwapEngine

Variance-swap pricing engine using Monte Carlo simulation,.

e class ReplicatingVarianceSwapEngine

Variance-swap pricing engine using replicating cost,.
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6.13 Quanto option engines

Classes

e class QuantoEngine

Quanto engine base class.
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6.14 Swaption engines

Classes

o class BlackSwaptionEngine

Black-formula swaption engine.

e class G2SwaptionEngine

Swaption priced by means of the Black formula

e class JamshidianSwaptionEngine

Jamshidian swaption engine.

e class LfmSwaptionEngine

libor forward model swaption engine based on black formula

e class TreeSwaptionEngine

Numerical lattice engine for swaptions.
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6.15 Vanilla option engines

Classes

class AnalyticDigital AmericanEngine
class AnalyticDividendEuropeanEngine

Analytic pricing engine for European options with discrete dividends.

class AnalyticEuropeanEngine

Pricing engine for European vanilla options using analytical formulae.

class AnalyticHestonEngine

analytic Heston-model engine based on Fourier transform

class BaroneAdesiWhaley ApproximationEngine

e class BatesEngine

Bates model engines based on Fourier transform.

class BinomialVanillaEngine

Pricing engine for vanilla options using binomial trees.

e class BjerksundStensland ApproximationEngine

class FDBermudanEngine

Finite-differences Bermudan engine.

class FDDividendEngineMerton73

Finite-differences pricing engine for dividend options using.

class FDDividendEngineShiftScale

Finite-differences pricing engine for dividend options using.

class FDEuropeanEngine

Pricing engine for European options using finite-differences.

class FDStepConditionEngine

Finite-differences pricing engine for American-style vanilla options.

class IntegralEngine
class JumpDiffusionEngine

Jump-diffusion engine for vanilla options.

e class JuQuadraticApproximationEngine

class MCAmericanEngine

American Monte Carlo engine.

class MCDigitalEngine

Pricing engine for digital options using Monte Carlo simulation.

class MCEuropeanEngine

European option pricing engine using Monte Carlo simulation.
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e class MCEuropeanHestonEngine

Monte Carlo Heston-model engine for European options.

e class MCVanillaEngine

Pricing engine for vanilla options using Monte Carlo simulation.

Typedefs

o typedef FDEngineAdapter< FDAmericanCondition< FDStepConditionEngine >, One-
AssetOption::engine > FDAmericanEngine

Finite-differences pricing engine for American one asset options.

e typedef FDEngineAdapter< FDAmericanCondition< FDDividendEngine >, Dividend-
VanillaOption::engine > FDDividend AmericanEngine

Finite-differences pricing engine for dividend American options.

e typedef FDEngineAdapter< FDDividendEngine, DividendVanillaOption::engine >
FDDividendEuropeanEngine

Finite-differences pricing engine for dividend European options.

o typedef FDEngineAdapter< FDShoutCondition< FDDividendEngine >, Dividend Vanilla-
Option::engine > FDDividendShoutEngine

Finite-differences shout engine with dividends.

o typedef FDEngineAdapter< FDShoutCondition< FDStepConditionEngine >, Vanilla-
Option::engine > FDShoutEngine

Finite-differences pricing engine for shout vanilla options.

6.15.1 Typedef Documentation

6.15.1.1 typedef FDEngineAdapter<FDAmericanCondition<FDStepConditionEngine>,
OneAssetOption::engine> FDAmericanEngine

Finite-differences pricing engine for American one asset options.

Tests

e the correctness of the returned value is tested by reproducing results available in litera-
ture.

e the correctness of the returned greeks is tested by reproducing numerical derivatives.

Examples:

EquityOption.cpp.
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6.15.1.2 typedef FDEngineAdapter<FDAmericanCondition<FDDividendEngine>,
DividendVanillaOption::engine> FDDividend AmericanEngine

Finite-differences pricing engine for dividend American options.

Tests

e the correctness of the returned greeks is tested by reproducing numerical derivatives.

e the invariance of the results upon addition of null dividends is tested.

Bug

results are not overly reliable.

Bug
method impliedVolatility() utterly fails

6.15.1.3 typedef FDEngineAdapter<FDDividendEngine, DividendVanillaOption::engine>
FDDividendEuropeanEngine

Finite-differences pricing engine for dividend European options.

Tests

e the correctness of the returned greeks is tested by reproducing numerical derivatives.

e the invariance of the results upon addition of null dividends is tested.

6.15.1.4 typedef FDEngineAdapter<FDShoutCondition<FDDividendEngine>,
DividendVanillaOption::engine> FDDividendShoutEngine

Finite-differences shout engine with dividends.

Bug

results are not overly reliable.

6.15.1.5 typedef FDEngineAdapter<FDShoutCondition<FDStepConditionEngine>,
VanillaOption::engine> FDShoutEngine

Finite-differences pricing engine for shout vanilla options.

Tests

the correctness of the returned greeks is tested by reproducing numerical derivatives.
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6.16 Finite-differences framework

6.16.1 Detailed Description

This framework (corresponding to the ql/FiniteDifferences directory) contains basic building
blocks for the numerical solution of partial differential equations by means of finite-difference
methods.

Classes

class BoundaryCondition

Abstract boundary condition class for finite difference problems.

class NeumannBC

Neumann boundary condition (i.e., constant derivative).

class DirichletBC

Neumann boundary condition (i.e., constant value).

class BSMOperator
Black-Scholes-Merton differential operator.

class CrankNicolson

Crank-Nicolson scheme for finite difference methods.

class DMinus

D_ matricial representation

class DPlus

D, matricial representation

class DPlusDMinus

D, D_ matricial representation

class DZero

Dy matricial representation

class ExplicitEuler

Forward Euler scheme for finite difference methods.

class FiniteDifferenceModel

Generic finite difference model.

class ImplicitEuler

Backward Euler scheme for finite difference methods.

class MixedScheme

Mixed (explicit/implicit) scheme for finite difference methods.
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e class OperatorFactory

Black-Scholes-Merton differential operator.

class StepConditionSet

Parallel evolver for multiple arrays.

class StepCondition

condition to be applied at every time step

class NullCondition

null step condition

class TridiagonalOperator

Base implementation for tridiagonal operator.

Typedefs

o typedef PdeOperator< PdeBSM > BSMTermOperator
Black-Scholes-Merton differential operator.

o typedef PdeOperator< PdeShortRate > OneFactorOperator

Interest-rate single factor model differential operator.

6.16.2 Typedef Documentation
6.16.2.1 typedef PdeOperator<PdeBSM> BSMTermOperator

Black-Scholes-Merton differential operator.

Tests

coefficients are tested against constant BSM operator
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6.17 Short-rate modelling framework

6.17.1 Detailed Description

This framework (corresponding to the gl/ShortRateModels directory) implements some single-
factor and two-factor short rate models. The models implemented in this library are widely
used by practitionners. For the moment, the ShortRateModels::Model class defines the short-rate
dynamics with stochastic equations of the type

dx; = [.l(f, x;)dt + o(t, x;)dW;
where r = f(t, x). If the model is affine (i.e. derived from the QuantLib::AffineModel class), ana-
lytical formulas for discount bonds and discount bond options are given (useful for calibration).
6.17.2 Single-factor models

The Hull & White model

dry = (O(t) — aO)r)dt + o(t)dW,

When « and ¢ are constants, this model has analytical formulas for discount bonds and
discount bond options.

The Black-Karasinski model

dinr, = (0(t) — alnry)dt + cdW;

No analytical tractability here.

The extended Cox-Ingersoll-Ross model

d?’[ = (G(t) - krt)dt +0 \/l’_tdwt

There are analytical formulas for discount bonds (and soon for discount bond options).

6.17.3 Calibration

The class CalibrationHelper is a base class that facilitates the instanciation of market instruments
used for calibration. It has a method marketValue() that gives the market price using a Black
formula, and a modelValue() method that gives the price according to a model

Derived classed are QuantLib::CapHelper and QuantLib:SwaptionHelper.

For the calibration itself, you must choose an optimization method that will find constant param-

eters such that the value:
i (T; — M;)?
. M;
i=1

where T; is the price given by the model and M; is the market price, is minimized. A few
optimization methods are available in the ql/Optimization directory.
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6.17.4 Two-factor models

6.17.5 Pricers

Analytical pricers

If the model is affine, i.e. discount bond options formulas exist, caps are easily priced since they
are a portfolio of discount bond options. Such a pricer is implemented in QuantLib::Analytical-
CapFloor. In the case of single-factor affine models, swaptions can be priced using the Jamshidian
decomposition, implemented in QuantLib::JamshidianSwaption.

Using Finite Differences

(Doesn’t work for the moment) For the moment, this is only available for single-factor affine
models. If x = x(t, r) is the state variable and follows this stochastic process:

dx; = p(t, x)dt + o(t, x)dW;

any european-style instrument will follow the following PDE:

aP JaP

op P 1,5P
o THox

1
+ ECT ? = T’(t,X)P

The adequate operator to feed a Finite Difference Model instance is defined in the QuantLib::One-
FactorOperator class.

Using Trees

Each model derived from the single-factor model class has the ability to return a trinomial tree. For
yield-curve consistent models, the fitting parameter can be determined either analytically (when
possible) or numerically. When a tree is built, it is then pretty straightforward to implement
a pricer for any path-independant derivative. Just implement a class derived from Numerical-
Derivative (see QuantLib::NumericalSwaption for example) and roll it back until the present
time... Just look at QuantLib::TreeCapFloor and QuantLib::TreeSwaption for working pricers.

Classes

e class AffineModel
Affine model class.

e class TermStructureConsistentModel

Term-structure consistent model class.

e class ShortRateModel

Abstract short-rate model class.
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e class OneFactorModel

Single-factor short-rate model abstract class.

e class OneFactorAffineModel

Single-factor affine base class.

e class BlackKarasinski

Standard Black-Karasinski model class.

o class CoxIngersollRoss

Cox-Ingersoll-Ross model class.

e class ExtendedCoxIngersollRoss

Extended Cox-Ingersoll-Ross model class.

e class HullWhite
Single-factor Hull-White (extended Vasicek) model class.

e class Vasicek

Vasicek model class

e class TwoFactorModel

Abstract base-class for two-factor models.

e class G2

Two-additive-factor gaussian model class.
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6.18 Financial instruments

6.18.1 Detailed Description

Since version 0.3.4, the Instrument class was reworked as shown in the following figure.

if isExpired()) LazyObject
else g #calculate () : void
LazyObject::calculate(); #performCalculations(): void

setupArgurents(engine_->argurents());
engine_->argurents()->validate();
engine_->calculate();

. engine
// dynarit_cast needed in real code = —
NPV = engine_->results()->NPY Instrument 6
+isExpired(): bool
#calculate(): void PricingEngine
#performCalculations (): void
#setupExpired(): void -arguments: Arguments *
+setupArguments (Arguments *): void —results: Results *
+calculate ()
Old-style instrument Newstyle instrument L ------ 1
+isExpired(): bool +isExpired() : bool v -
#performCalculations(): void +setupArguments (Arguments *): void Concrete engine
————— and possibly —-—--() ----- and possibly -----()
$setupExpired(): void #setupExpired(): void +calculate () : void
|—#perforncalculdtlons(): void

I/ override parent imlerantation

Instrurent::perforralculations();
// additional betavior

On the one hand, the checking of the expiration condition is now performed in a method is-
Expired() separated from the actual calculation, and a setupExpired() method is provided.
The latter sets the NPV to 0.0 and can be extended in derived classes should any other results be
returned.

On the other hand, the pricing-engine machinery previously contained in the Option class was
moved upwards to the Instrument class. Also, the setupEngine() method was replaced by a
setupArguments (Arguments+) method. This allows one to cleanly implement containment of
instruments with code such as:

class FooArguments : public Arguments { ... };

class Foo : public Instrument f{
public:
void setupArguments(Arguments¥);

};
class FooOptionArguments : public FooArguments { ... };
class FooOption : public Option {
private:
Foo underlying_;
public:
void setupArguments(Arguments® args) {

underlying_.setupArguments(args) ;
// set the option-specific part

b

which was more difficult to write with setupEngine().

Therefore, there are now two ways to inherit from Instrument, namely:

1. implement the isExpired method, and completely override the performCalculations
method so that it bypasses the pricing-engine machinery. If the class declared any other
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resultsbeside NPV_and errorEstimate_, the setupExpired method should also be extended
so that those results are set to a value suitable for an expired instrument. This was the
migration path taken for all instruments not previously deriving from the Option class.

define suitable argument and result classes for the instrument and implement the is-
Expired and setupArguments methods, reusing the pricing-engine machinery provided by
the default performCalculations method. The latter can be extended by first calling
the default implementation and then performing any additional tasks required by the
instrument—most often, copying additional results from the pricing engine results to the
corresponding data members of the instrument. As in the previous case, the setupExpired
method can be extended to account for such extra data members.

Classes

e class ContinuousAveraging AsianOption

Continuous-averaging Asian option.

class DiscreteAveraging AsianOption

Discrete-averaging Asian option.

class AssetSwap

Asset swap.

class BarrierOption

Barrier option on a single asset.

class BasketOption

Basket option on a number of assets.

class Bond

Base bond class.

class CapFloor

Base class for cap-like instruments.

class Cap

Concrete cap class.

class Floor

Concrete floor class.

class Collar

Concrete collar class.

class CliquetOption
cliquet (Ratchet) option

class CompositeInstrument

Composite instrument.
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class DividendVanillaOption

Single-asset vanilla option (no barriers) with discrete dividends.

class EuropeanOption

European option on a single asset.

class FixedCouponBond

fixed-coupon bond

class FixedCouponBondForward

forward contract on a fixed-coupon bond

class FloatingRateBond
floating-rate bond

class Forward

Abstract base forward class.

class ForwardRateAgreement

Forward rate agreement (FRA) class.

class ForwardVanillaOption

Forward version of a vanilla option.

class ContinuousFloatingL.ookbackOption

Continuous-floating lookback option.

class ContinuousFixedLookbackOption

Continuous-fixed lookback option.

class QuantoForwardVanillaOption

Quanto version of a forward vanilla option.

class QuantoVanillaOption

quanto version of a vanilla option

class Stock

Simple stock class.

class Swap

Interest rate swap.

class Swaption

Swaption class

class VanillaOption

Vanilla option (no discrete dividends, no barriers) on a single asset.

class VanillaSwap

Plain-vanilla swap.
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e class VarianceSwap

Variance swap.

e class ZeroCouponBond

zero-coupon bond
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6.19 Lattice methods

6.19.1 Detailed Description

The framework (corresponding to the gl/Lattices directory) contains basic building blocks for
pricing instruments using lattice methods (trees). A lattice, i.e. an instance of the abstract class
QuantLib::Lattice, relies on one or several trees (each one approximating a diffusion process)
to price an instance of the Discretized Asset class. Trees are instances of classes derived from
QuantLib::Tree, classes which define the branching between nodes and transition probabilities.

6.19.2 Binomial trees

The binomial method is the simplest numerical method that can be used to price path-independent
derivatives. It is usually the preferred lattice method under the Black-Scholes-Merton model. As
an example, let’s see the framework implemented in the bsmlattice.hpp file. It is a method based
on a binomial tree, with constant short-rate (discounting). There are several approaches to build
the underlying binomial tree, like Jarrow-Rudd or Cox-Ross-Rubinstein.

6.19.3 Trinomial trees

When the underlying stochastic process has a mean-reverting pattern, it is usually better to use a
trinomial tree instead of a binomial tree. An example is implemented in the QuantLib::Trinomial-
Tree class, which is constructed using a diffusion process and a time-grid. The goal is to build a
recombining trinomial tree that will discretize, at a finite set of times, the possible evolutions of a
random variable y satisfying

dyt = fu(tl yt)dt + O‘(t/ yt)dwt

At each node, there is a probability p,, p and p, to go through respectively the upper, the middle
and the lower branch. These probabilities must satisfy

PuYi+lh+1 + PmYir1k + Palisih-1 = Eij

and

Pu]/iz+1,k+1 + Pm]/iz+1,k + pdyizﬂ,k—l = V%j + Ez‘z,j'
where k (the index of the node at the end of the middle branch) is the index of the node which is the
nearest to the expected future value, E;; = E(y(ti+1)|y(t,-) = yi,j) and sz = Var{y(ti1)ly(t:) = vi}
If we suppose that the variance is only dependant on time V;; = V; and set y;;1 to V; V3, we find
that

P = 1 N (Eij— ]/;’+1,k)2 . Eij = Visik
6 6V: 243V;
_2 (Eijj — Yis1 )

(Eij — Vi) B Eij = Yisik
6V? 2V3V;

_1.
pd_6

6.19.4 Bidimensional lattices

To come...
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6.19.5 The QuantLib::DiscretizedAsset class

This class is a representation of the price of a derivative at a specific time. It is roughly an array
of values, each value being associated to a state of the underlying stochastic variables. For the
moment, it is only used when working with trees, but it should be quite easy to make a use
of it in finite-differences methods. The two main points, when deriving classes from Quant-
Lib::Discretized Asset, are:

1. Define the initialisation procedure (e.g. terminal payoff for european stock options).

2. Define the method adjusting values, when necessary, at each time steps (e.g. apply the
step condition for american or bermudan options). Some examples are found in Quant-
Lib::DiscretizedSwap and QuantLib::DiscretizedSwaption.

Classes

e class BinomialTree

Binomial tree base class.

o class EqualProbabilitiesBinomialTree

Base class for equal probabilities binomial tree.

o class EqualJumpsBinomialTree

Base class for equal jumps binomial tree.

e class JarrowRudd

Jarrow-Rudd (multiplicative) equal probabilities binomial tree.

e class CoxRossRubinstein

Cox-Ross-Rubinstein (multiplicative) equal jumps binomial tree.

e class AdditiveEQPBinomialTree

Additive equal probabilities binomial tree.

e class Trigeorgis

Trigeorgis (additive equal jumps) binomial tree

e class Tian

Tian tree: third moment matching, multiplicative approach

e class LeisenReimer

Leisen & Reimer tree: multiplicative approach.

e class BlackScholesLattice

Simple binomial lattice approximating the Black-Scholes model.

e class Lattice

Lattice-method base class.

e class LatticelD
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One-dimensional lattice.

class Lattice2D

Two-dimensional lattice.

class TsiveriotisFernandesLattice

Binomial lattice approximating the Tsiveriotis-Fernandes model.

class Tree

Tree approximating a single-factor diffusion

class TrinomialTree

Recombining trinomial tree class.
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6.20 Math tools

Math facilities of the library include:

6.20.1 Pseudo-random number and low-discrepancy sequence generators

Implementations of pseudo-random number and low-discrepancy sequence generators. They
share the gl/RandomNumbers directory.

6.20.2 One-dimensional solvers

The abstract class QuantLib::Solver1D provides the interface for one-dimensional solvers which
can find the zeroes of a given function.

A number of such solvers is contained in the ql/Solvers1D directory.

The implementation of the algorithms was inspired by "Numerical Recipes in C", 2nd edition,
Press, Teukolsky, Vetterling, Flannery - Chapter 9

Some work is needed to resolve the ambiguity of the root finding accuracy defition: for some
algorithms it is the x-accuracy, for others it is f(x)-accuracy.

6.20.3 Optimizers

The optimization framework (corresponding to the ql/Optimization directory) implements some
multi-dimensional minimizing methods. The function to be minimized is to be derived from
the QuantLib::CostFunction base class (if the gradient is not analytically implemented, it will be
computed numerically).

The simplex method

This method, implemented in QuantLib::Simplex, is rather raw and requires quite a lot of comput-
ing resources, but it has the advantage that it does not need any evaluation of the cost function’s
gradient, and that it is quite easily implemented. First, we must choose N+1 starting points, given
here by a starting point Py and N points such that

P; = PO + Ae;,

where A is the problem’s characteristic length scale). These points will form a geometrical form
called simplex. The principle of the downhill simplex method is, at each iteration, to move the
worst point (highest cost function value) through the opposite face to a better point. When the
simplex seems to be constrained in a valley, it will be contracted downbhill, keeping the best point
unchanged.

The conjugate gradient method

We’ll now continue with a bit more sophisticated method, implemented in Quant-
Lib::ConjugateGradient . At each step, we minimize (using Armijo’s line search algorithm,
implemented in QuantLib::ArmijoLineSearch) the function along a line defined by

d; = -Vf(x;) + ”Vf(—Xi)2di—1,

”Vf(xi—l)”

2
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dy = -V (xo).

As we can see, this optimization method requires the knowledge of the gradient of the cost
function. See QuantLib::ConjugateGradient .
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6.21 Monte Carlo framework

6.21.1 Detailed Description

This framework (corresponding to the ql/MonteCarlo directory) contains basic building blocks
for Monte Carlo simulations.

Classes

e class BrownianBridge

Builds Wiener process paths using Gaussian variates.

o class EarlyExercisePathPricer

base class for early exercise path pricers

e class LongstaffSchwartzPathPricer

Longstaff-Schwarz path pricer for early exercise options.

e class MonteCarloModel

General purpose Monte Carlo model for path samples.

e class MultiPath

Correlated multiple asset paths.

e class MultiPathGenerator

Generates a multipath from a random number generator.

e class Path
e class PathGenerator

Generates random paths using a sequence generator.

e class PathPricer

base class for path pricers

e struct Sample

weighted sample
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6.22 Design patterns

Classes

e class Bridge

The Bridge pattern made explicit.

e class Composite

Composite pattern.

e class CuriouslyRecurringTemplate

Support for the curiously recurring template pattern.

e class LazyObject

Framework for calculation on demand and result caching.

e class Observable

Object that notifies its changes to a set of observables.

e class Observer

Object that gets notified when a given observable changes.

e class Singleton

Basic support for the singleton pattern.

e class AcyclicVisitor

degenerate base class for the Acyclic Visitor pattern

Generated on Thu Nov 2 18:19:48 2006 for QuantLib by Doxygen



142

QuantLib Module Documentation

6.23 Stochastic processes

6.23.1 Detailed Description

The classes QuantLib::StochasticProcess and QuantLib: :StochasticProcess1D provide the
interface for a generic stochastic process. A number of specific processes is contained in the
ql/Processes directory.

Classes

e class GeneralizedBlackScholesProcess

Generalized Black-Scholes stochastic process.

class BlackScholesProcess
Black-Scholes (1973) stochastic process.

class BlackScholesMertonProcess

Merton (1973) extension to the Black-Scholes stochastic process.

class BlackProcess
Black (1976) stochastic process.

class GarmanKohlagenProcess

Garman-Kohlhagen (1983) stochastic process.

class EulerDiscretization

Euler discretization for stochastic processes.

class ForwardMeasureProcess

forward-measure stochastic process

class ForwardMeasureProcess1D

forward-measure 1-D stochastic process

class G2Process

G2 stochastic process

class G2ForwardProcess

forward G2 stochastic process

class GeometricBrownianMotionProcess

Geometric brownian-motion process.

class HestonProcess

Square-root stochastic-volatility Heston process.

class HullWhiteProcess
Hull-White stochastic process.
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class HullWhiteForwardProcess

forward Hull-White stochastic process

e class LiborForwardModelProcess

libor-forward-model process

e class Merton76Process

Merton-76 jump-diffusion process.

e class OrnsteinUhlenbeckProcess

Ornstein-Uhlenbeck process class.

e class SquareRootProcess

Square-root process class.

e class StochasticProcessArray

Array of correlated 1-D stochastic processes
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6.24 Term structures

6.24.1 Detailed Description

The abstract class QuantLib::Yield TermStructure provides the common interface to concrete yield-
rate term structure models. Among others, methods are declared which return instantaneous
forward rate, discount factor, and zero rate at a given date. Adapter classes are provided which
already implement part of the required methods, thus allowing the programmer to define only
the non-redundant part.

Classes

e class Interpolated DiscountCurve

Term structure based on interpolation of discount factors.

e class FlatForward

Flat interest-rate curve.

e class InterpolatedForwardCurve

Term structure based on interpolation of forward rates.

e class ForwardSpreadedTermStructure

Term structure with added spread on the instantaneous forward rate.

e class ForwardRateStructure

Forward rate term structure.

e class ImpliedTermStructure

Implied term structure at a given date in the future.

e class PiecewiseYieldCurve

Piecewise yield term structure.

o class PiecewiseZeroSpreaded TermStructure

Term structure with an added vector of spreads on the zero-yield rate.

e class InterpolatedZeroCurve

Term structure based on interpolation of zero yields.

e class ZeroSpreadedTermStructure

Term structure with an added spread on the zero yield rate.

e class ZeroYieldStructure

Zero-yield term structure.

e class YieldTermStructure

Interest-rate term structure.
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Typedefs

e typedef InterpolatedDiscountCurve< LogLinear > DiscountCurve

Term structure based on log-linear interpolation of discount factors.

o typedef InterpolatedForwardCurve< BackwardFlat > ForwardCurve

Term structure based on flat interpolation of forward rates.

o typedef PiecewiseYieldCurve< Discount, LogLinear > PiecewiseFlatForward

Piecewise flat-forward term structure.

o typedef InterpolatedZeroCurve< Linear > ZeroCurve

Term structure based on linear interpolation of zero yields.

6.24.2 Typedef Documentation
6.24.2.1 typedef InterpolatedDiscountCurve<LogLinear> DiscountCurve

Term structure based on log-linear interpolation of discount factors.

Log-linear interpolation guarantees piecewise-constant forward rates.
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6.25 Utilities

Iterators are meant to build a sequence on the fly from one or more other sequences, without
having to allocate place for storing it. A couple of examples: suppose we have a function which
calculates the average of a sequence, and that for genericity we have implemented it as a template
function which takes the beginning and the end of the sequence, so that its declaration is:

template <class Iterator>
typename Iterator::value_type
average(const Iterator& begin, const Iterator& end)

This kind of genericity allows one to use the same function to calculate the average of a std::vector,
a std::list, a QuantLib::History, any other container, of a subset of any of the former.

Now let’s say we have two sequences of numbers, and we want to calculate the average of their
products. One approach could be to store the products in another sequence, and to calculate the
average of the latter, as in:

// we have sequencel and sequence2 and assume equal size:

// first we store their product in a vector...

std: :vector<double> products;

std: :transform(sequencel.begin(),sequencel.end(), // first sequence

sequence2.begin(), // second sequence

std: :back_inserter(products), // output

std::multiplies<double>()); // operation to perform
// ...then we calculate the average

double result = average(products.begin(),products.end());

The above works, however, it might be not particularly efficient since we have to allocate the
product vector, quite possibly just to throw it away when the calculation is done.

QuantLib::coupling_iterator allows us to do the same thing without allocating the extra vector:
what we do is simply:

// we have sequencel and sequence2 and assume equal size:
double result = average(
make_coupling_iterator(sequencel.begin(),
sequence2.begin(),
std::multiplies<double()),
make_coupling_iterator(sequencel.end(),
sequence2.end(),
std::multiplies<double()));

The call to make_coupling_iterator creates an iterator which is really a reference to the two
iterators and the operation we passed. Dereferencing such iterator returns the result of applying
such operation to the values pointed to by the two contained iterators. Advancing the coupling
iterator advances the two underlying ones. One can see how iterating on such iterator generates
the products one by one so that they can be processed by average (), but does not need allocating
memory for storing the results. The product sequence is generated on the fly.

The other iterators share the same principle but have different functionalities:

e combining_iterator is the same as coupling_iterator, but works on N sequences while the
latter works on 2;

e filtering_iterator generates the elements of a given sequence which satisfy a given predicate,
i.e., it takes a sequence [xp, x1,...] and a predicate p and generates the sequence of those x;
for which p(x;) returns true;
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e processing_iterator takes a sequence [xo, x1, . ..] and a function f and generates the sequence

[f(x0), f(x1),--.];

e stepping_iterator takes a sequence [xy,x1,...] and a step m and generates the sequence
[XO, Xy X2my « ]
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6.26 QuantLib macros

6.26.1 Detailed Description

Global definitions and a few macros which help porting the code to different compilers.

Modules

Generic macros
Numeric limits
Template capabilities
Iterator support
Debugging macros

Defines

o #define QL_VERSION "0.3.14"

version string

o #define QL_HEX_VERSION 0x000314f0

version hexadecimal number

o #define QL_LIB_VERSION "0_3_14"

version string for output lib name
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6.27 Generic macros

6.27.1 Detailed Description

Miscellaneous macros for compiler idiosyncrasies not fitting other categories.

Defines

o #define QL_DUMMY_RETURN(x)

Is a dummy return statement required?

e #define QL_IO_INIT

I/O initialization.

6.27.2 Define Documentation
6.27.2.1 #define QL_DUMMY_RETURN(x)

Is a dummy return statement required?

Some compilers will issue a warning if it is missing even though it could never be reached during
execution, e.g., after a block like

if (condition)
return validResult;
else
QL_FAIL("whatever the reason");

On the other hand, other compilers will issue a warning if it is present because it cannot be
reached. For the code to be portable this macro should be used after the block.

6.27.2.2 #define QL_IO_INIT

I/O initialization.
Sometimes, programs compiled with the free Borland compiler will crash miserably upon at-
tempting to write on std::cout. Strangely enough, issuing the instruction

std::cout << std::string(Q);

at the beginning of the program will prevent other accesses to std::cout from crashing the
program. This macro, to be called at the beginning of main(), encapsulates the above enchantment
for Borland and is defined as empty for the other compilers.

Examples:

BermudanSwaption.cpp, ConvertibleBonds.cpp, DiscreteHedging.cpp, EquityOption.cpp,
FRA.cpp, Replication.cpp, Repo.cpp, and swapvaluation.cpp.
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6.28 Numeric limits

6.28.1 Detailed Description

Some compilers do not give an implementation of <limits> yet. For the code to be portable
these macros should be used instead of the corresponding method of std: :numeric_limits or
the corresponding macro defined in <limits.h>.

Defines

#define QL_MIN_INTEGER ((std:numeric_limits<QL_INTEGER>::min)())
#define QL_MAX_INTEGER ((std::numeric_limits<QL_INTEGER>::max)())
#define QL_MIN_REAL -((std::numeric_limits<QL_REAL>::max)())

#define QL_MIN_POSITIVE_REAL ((std::numeric_limits<QL_REAL>::min)())
#define QL_MAX_REAL ((std::numeric_limits<QL_REAL>::max)())

#define QL_EPSILON ((std::numeric_limits<QL_REAL>::epsilon)())

#define QL_NULL_INTEGER ((std::numeric_limits<int>::max)())

#define QL_NULL_REAL ((std::numeric_limits<float>::max)())

6.28.2 Define Documentation
6.28.2.1 #define QL_MIN_INTEGER ((std::numeric_limits<QL_INTEGER>::min)())

Defines the value of the largest representable negative integer value

6.28.2.2 #define QL_MAX_INTEGER ((std::numeric_limits<QL_INTEGER>:max)())

Defines the value of the largest representable integer value

6.28.2.3 #define QL_MIN_REAL -((std::numeric_limits<QL_REAL>:max)())

Defines the value of the largest representable negative floating-point value

6.28.2.4 #define QL_MIN_POSITIVE_REAL ((std::numeric_limits<QL_REAL>:min)())

Defines the value of the smallest representable positive double value

6.28.2.5 #define QL_MAX_REAL ((std::numeric_limits<QL_REAL>:max)())

Defines the value of the largest representable floating-point value

6.28.2.6 #define QL_EPSILON ((std::numeric_limits<QL_REAL>::epsilon)())

Defines the machine precision for operations over doubles
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6.29 Template capabilities

6.29.1 Detailed Description
Some compilers still do not fully implement the template syntax. These macros can be used to

select between alternate implementations of blocks of code, namely, one that takes advantage of
template programming techniques and a less efficient one which is compatible with all compilers.

Defines

o #define QL_TYPENAME typename

6.29.2 Define Documentation
6.29.2.1 #define QL_TYPENAME typename

In Visual C++ 6, typename can only be used in template declarations and not in template defini-
tions.
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6.30 Iterator support

6.30.1 Detailed Description
Some compilers still define the iterator struct outside the std namespace, only partially implement

it, or do not implement it at all. For the code to be portable these macros should be used instead
of the actual functions.

Defines

o #define QL_FULL_ITERATOR_SUPPORT

6.30.2 Define Documentation
6.30.2.1 #define QL_FULL_ITERATOR_SUPPORT

Some compilers (most notably, Visual C++ 6) still do not fully support iterators in their STL
implementation. This macro can be used to select between alternate implementations of blocks
of code, namely, one that takes advantage of full iterator support and a less efficient one which is
compatible with all compilers.
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6.31 Output manipulators

6.31.1 Detailed Description

Helper functions for creating formatted output.

Functions

e detail:long_weekday_holder long_weekday (Weekday)

output weekdays in long format

e detail::short_weekday_holder short_weekday (Weekday)

output weekdays in short format (three letters)

e detail::shortest_weekday_holder shortest_weekday (Weekday)

output weekdays in shortest format (two letters)

o detail::short_date_holder short_date (const Date &)
output dates in short format (mmyddfyyyy)

o detail::long_date_holder long_date (const Date &)
output dates in long format (Month ddth, yyyy)

o detail::iso_date_holder iso_date (const Date &)
output dates in ISO format (yyyy-mm-dd)

e detail::long_period_holder long_period (const Period &)

output periods in long format (e.g. "2 weeks”)

o detail::short_period_holder short_period (const Period &)

output periods in short format (e.g. "2w")

o template<typename T> detail::null_checker< T > checknull (T)
check for nulls before output

e detail::ordinal_holder ordinal (Size)

outputs naturals as 1st, 2nd, 3rd...

e template<typename T> detail::power_of _two_holder< T > power_of_two (T)

output integers as powers of two

e detail::percent_holder percent (Real)
output reals as percentages

o detail::percent_holder rate (Rate)

output rates and spreads as percentages

o detail::percent_holder volatility (Volatility)

output volatilities as percentages
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6.32 Debugging macros

6.32.1 Detailed Description

For debugging purposes, macros can be used to output information about the code being executed.

Defines

o #define QL_TRACE_ENABLE

enable tracing

o #define QL_TRACE_DISABLE

disable tracing

o #define QL_TRACE_ON(out)

set tracing stream

o #define QL_TRACE(message)

output tracing information

o #define QL_TRACE_ENTER_FUNCTION

output tracing information

o #define QL_TRACE_EXIT_FUNCTION

output tracing information

o #define QL_TRACE_LOCATION

output tracing information

o #define QL_TRACE_VARIABLE(variable)

output tracing information

6.32.2 Define Documentation

6.32.2.1 #define QL_TRACE_ENABLE

enable tracing

The statement

QL_TRACE_ENABLE;

canbe used to enable tracing. Such statement might be ignored; refer to QL_TRACE for details.

Examples:

tracing_example.cpp.
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6.32.2.2 #define QL_TRACE_DISABLE

disable tracing

The statement

QL_TRACE_DISABLE;

can be used to disable tracing. Such statement might be ignored; refer to QL_TRACE for details.

6.32.2.3 #define QL_TRACE_ON(out)

set tracing stream

The statement

QL_TRACE_ON(stream);

can be used to set the stream where tracing messages are output. Such statement might be
ignored; refer to QL_TRACE for details.

6.32.2.4 #define QL_TRACE(message)
output tracing information
The statement

QL_TRACE (message) ;

can be used to output a trace of the code being executed. If tracing was disabled during config-
uration, such statements are removed by the preprocessor for maximum performance; if it was
enabled, whether and where the message is output depends on the current settings.

Examples:

tracing_example.cpp.

6.32.2.5 #define QL_TRACE_ENTER_FUNCTION
output tracing information
The statement

QL_TRACE_ENTER_FUNCTION;

can be used at the beginning of a function to trace the fact that the program execution is entering
such function. It should be paired with a corresponding QL_TRACE_EXIT_FUNCTION macro.
Such statement might be ignored; refer to QL_TRACE for details. Also, function information
might not be available depending on the compiler.

Examples:

tracing_example.cpp.
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6.32.2.6 #define QL_TRACE_EXIT_FUNCTION

output tracing information

The statement

QL_TRACE_EXIT_FUNCTION;

can be used before returning from a function to trace the fact that the program execution is exiting
such function. It should be paired with a corresponding QL_TRACE_ENTER_FUNCTION macro.
Such statement might be ignored; refer to QL_TRACE for details. Also, function information
might not be available depending on the compiler.

Examples:

tracing_example.cpp.

6.32.2.7 #define QL_TRACE_LOCATION

output tracing information

The statement

QL_TRACE_LOCATION;

can be used to trace the current file and line. Such statement might be ignored; refer to QL_TRACE
for details.

Examples:

tracing_example.cpp.

6.32.2.8 #define QL_TRACE_VARIABLE(variable)

output tracing information

The statement

QL_TRACE_VARIABLE(variable);

can be used to trace the current value of a variable. Such statement might be ignored; refer to
QL_TRACE for details. Also, the variable type must allow sending it to an output stream.

Examples:

tracing_example.cpp.
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7.1 Abcd Class Reference

#include <qgl/MarketModels/Models/abcd.hpp>

7.1.1 Detailed Description

Abcd functional form for instantaneous volatility.

f(T-t)y=[a+bT-1)]e T +d

following Rebonato notation.

Public Member Functions

e Abcd (Real a=-0.06, Real b=0.17, Real ¢=0.54, Real d=0.17, bool alsFixed=false, bool bls-
Fixed=false, bool cIsFixed=false, bool dIsFixed=false)
e Real operator() (Time u) const

instantaneous volatility at time to maturity u:

Real a () const

Real b () const

Real ¢ () const

Real d () const

Real instantaneousVolatility (Time u, Time T) const

Real instantaneousVariance (Time u, Time T) const

Real instantaneousCovariance (Time u, Time T, Time S) const
Real volatility (Time tMin, Time tMax, Time T) const

Real variance (Time tMin, Time tMax, Time T) const

Real covariance (Time tMin, Time tMax, Time T, Time S) const
Real shortTermVolatility () const

instantaneous volatility when time to maturity = 0.0
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o Real longTermVolatility () const

instantaneous volatility when time to maturity = +inf

e Real maximumLocation () const

time to maturity at which the instantaneous volatility reaches maximum (if any)

e Real maximumVolatility () const

maximum of the instantaneous volatility

e std::vector< Real > k (const std::vector< Real > &blackVols, const std::vector< Real >::const_-
iterator &t) const

adjustment factors needed to match Black vols

e Real error (const std::vector< Real > &blackVols, const std::vector< Real >::const_iterator
&t) const

vol error
e EndCriteria::Type capletCalibration (const std::vector< Real > &blackVols, const

std::vector< Real >:const_iterator &t, const boost::shared_ptr< OptimizationMethod >
&method=Dboost::shared_ptr< OptimizationMethod >())

calibration

Friends

e class AbcdCostFunction

7.1.2 Member Function Documentation
7.1.2.1 Real instantaneousVolatility (Time u, Time T) const

instantaneous volatility at time u of the T-fixing rate:

ST —u)

7.1.2.2 Real instantaneousVariance (Time 1, Time T) const

instantaneous variance at time u of T-fixing rate:

fT=w)f(T - u)

7.1.2.3 Real instantaneousCovariance (Time u, Time T, Time S) const

instantaneous covariance at time u between T and S fixing rates:

ST =u)f(S—u)
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7.1.2.4 Real volatility (Time tMin, Time tMax, Time T) const

volatility in [tMin,tMax] of T-fixing rate:

tMax
\/ SHT — u)du

tMin

7.1.2.5 Real variance (Time tMin, Time tMax, Time T) const

variance in [tMin,tMax] of T-fixing rate:

tMax
f fz(T —u)du

tMin

7.1.2.6 Real covariance (Time tMin, Time tMax, Time T, Time S) const

covariance in [tMin,tMax] between T and S fixing rates:

tMax

f(T—u)f(S—u)du

tMin
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7.2 AbcdSquared Class Reference

#include <ql/MarketModels/Models/abcd.hpp>

7.2.1 Detailed Description

Abcd Squared functional. Helper class.

Public Member Functions

e AbcdSquared (Real a, Real b, Real ¢, Real d, Time S, Time T)
e Real operator() (Time u) const
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7.3 Actual360 Class Reference

#include <ql/DayCounters/actual360.hpp>
Inheritance diagram for Actual360:

| Bridge< QuantLib::DayCounter, QuantLib::DayCounterimpl >

DayCounter
[
Actual360

7.3.1 Detailed Description

Actual/360 day count convention.

Actual/360 day count convention, also known as "Act/360", or "A/360".

Examples:

Repo.cpp, and swapvaluation.cpp.
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7.4 Actual365Fixed Class Reference

#include <ql/DayCounters/actual365fixed.hpp>
Inheritance diagram for Actual365Fixed:

| Bridge< QuantLib::DayCounter, QuantLib::DayCounterimpl >

DayCounter
[

Actual365Fixed

7.4.1 Detailed Description

Actual/365 (Fixed) day count convention.
"Actual/365 (Fixed)" day count convention, also know as "Act/365 (Fixed)", "A/365 (Fixed)", or

"A/365F".
Warning

According to ISDA, "Actual/365" (without "Fixed") is an alias for "Actual/Actual (ISDA)" (see
ActualActual.) If Actual/365 is not explicitly specified as fixed in an instrument specification,
you might want to double-check its meaning.

Examples:

BermudanSwaption.cpp, ConvertibleBonds.cpp, DiscreteHedging.cpp, EquityOption.cpp,
and Replication.cpp.
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7.5 ActualActual Class Reference

#include <ql/DayCounters/actualactual.hpp>

Inheritance diagram for ActualActual:

| Bridge< QuantLib::DayCounter, QuantLib::DayCounterimpl >

DayCounter
[

ActualActual

7.5.1 Detailed Description

Actual/Actual day count.

The day count can be calculated according to:

e theISDA convention, also known as "Actual/Actual (Historical)", "Actual/Actual”, "Act/Act",
and according to ISDA also "Actual/365", "Act/365", and "A/365";

e the ISMA and US Treasury convention, also known as "Actual/Actual (Bond)";

e the AFB convention, also known as "Actual/Actual (Euro)".

Formore details, refertohttp://www.isda.org/publications/pdf/Day-Count-Fracation1999.pdf

Tests

the correctness of the results is checked against known good values.

Examples:

FRA.cpp, and swapvaluation.cpp.

Public Types

e enum Convention {
ISMA, Bond, ISDA, Historical,
Actual365, AFB, Euro }

Public Member Functions

e ActualActual (Convention c=ActualActual::ISDA)
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7.6 AcyclicVisitor Class Reference

#include <ql/Patterns/visitor.hpp>

7.6.1 Detailed Description

degenerate base class for the Acyclic Visitor pattern
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7.7 AdditiveEQPBinomialTree Class Reference

#include <qgl/Lattices/binomialtree.hpp>

Inheritance diagram for AdditiveEQPBinomialTree:

| CuriouslyRecurringTemplate< T >

Tree< T >

A

BinomialTree< T >
A

EqualProbabilitiesBinomialTree< QuantLib::AdditiveEQPBinomialTree >

AdditiveEQPBinomialTree

7.7.1 Detailed Description

Additive equal probabilities binomial tree.

Public Member Functions

o AdditiveEQPBinomialTree (const boost::shared_ptr< StochasticProcess1D > &, Time end,
Size steps, Real strike)
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7.8 AffineModel Class Reference

#include <qgl/ShortRateModels/model.hpp>
Inheritance diagram for AffineModel:

Observable

A

AffineModel

Y

|LiborForwardModeI | | OneFactorAffineModel |

| CoxIngersollRoss | | Vasicek |

|ExtendedCoxIngersoIIRoss | | HullWhite |

7.8.1 Detailed Description

Affine model class.

Base class for analytically tractable models.

Public Member Functions

e virtual DiscountFactor discount (Time t) const=0

Implied discount curve.

e virtual Real discountBond (Time now, Time maturity, Array factors) const=0
e virtual Real discountBondOption (Option::Type type, Real strike, Time maturity, Time
bondMaturity) const =0
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7.9 AmericanCondition Class Reference

#include <ql/FiniteDifferences/americancondition.hpp>

7.9.1 Detailed Description
American exercise condition.

Todo
unify the intrinsicValues/Payoff thing

Public Member Functions

e AmericanCondition (Option::Type type, Real strike)
e AmericanCondition (const Array &intrinsicValues)
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7.10 AmericanExercise Class Reference

#include <ql/exercise.hpp>

Inheritance diagram for AmericanExercise:

Exercise
[

EarlyExercise
A;
AmericanExercise

7.10.1 Detailed Description

American exercise.

An American option can be exercised at any time between two predefined dates; the first date
might be omitted, in which case the option can be exercised at any time before the expiry.

Todo

check that everywhere the American condition is applied from earliestDate and not earlier

Examples:

ConvertibleBonds.cpp, and EquityOption.cpp.

Public Member Functions

e AmericanExercise (const Date &earliestDate, const Date &latestDate, bool payoffAt-
Expiry=false)
e AmericanExercise (const Date &latestDate, bool payoffAtExpiry=false)
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711 AmericanPayoff AtExpiry Class Reference

#include <ql/PricingEngines/americanpayoffatexpiry.hpp>

7.11.1 Detailed Description

Analytic formula for American exercise payoff at-expiry options

Todo

calculate greeks

Public Member Functions

e AmericanPayoff AtExpiry (Real spot, DiscountFactor discount, DiscountFactor dividend-
Discount, Real variance, const boost::shared_ptr< StrikedTypePayoff > &payoff)
e Real value () const
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712 AmericanPayoffAtHit Class Reference

#include <ql/PricingEngines/americanpayoffathit.hpp>

7.12.1 Detailed Description

Analytic formula for American exercise payoff at-hit options

Todo

calculate greeks

Public Member Functions

e AmericanPayoffAtHit (Real spot, DiscountFactor discount, DiscountFactor dividend-
Discount, Real variance, const boost::shared_ptr< StrikedTypePayoff > &payoff)

Real value () const

Real delta () const

Real gamma () const

Real rho (Time maturity) const
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7.13 AnalyticBarrierEngine Class Reference

#include <ql/PricingEngines/Barrier/analyticbarrierengine.hpp>

Inheritance diagram for AnalyticBarrierEngine:

Observable
A
PricingEngine

A

GenericEngine< QuantLib::BarrierOption::arguments, BarrierOption::results >

@ine

[

AnalyticBarrierEngine

7.13.1 Detailed Description

Pricing engine for barrier options using analytical formulae.

The formulas are taken from "Option pricing formulas", E.G. Haug, McGraw-Hill, p.69 and
following.

Tests

the correctness of the returned value is tested by reproducing results available in literature.

Todo

rework to avoid repeated casts inside utility methods

Public Member Functions

e void calculate () const
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7.14 AnalyticCapFloorEngine Class Reference

#include <ql/PricingEngines/CapFloor/analyticcapfloorengine.hpp>

Inheritance diagram for AnalyticCapFloorEngine:

Observable

Y

PricingEngine

Y

GenericEngine< ArgumentsType, ResultsType > | | Observer |

GenericModelEngine< QuantLib::AffineModel, QuantLib::CapFloor::arguments, QuantLib::CapFloor::results >

AnalyticCapFloorEngine

7.14.1 Detailed Description

Analytic engine for cap/floor.

Public Member Functions

¢ AnalyticCapFloorEngine (const boost::shared_ptr< AffineModel > &model)
e void calculate () const
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7.15 AnalyticCliquetEngine Class Reference

#include <ql/PricingEngines/Cliquet/analyticcliquetengine.hpp>

Inheritance diagram for AnalyticCliquetEngine:

Observable
A
PricingEngine

A

GenericEngine< QuantLib::CliquetOption::arguments, CliquetOption::results >

A

AnalyticCliquetEngine

7.15.1 Detailed Description

Pricing engine for Cliquet options using analytical formulae.

Tests

e the correctness of the returned value is tested by reproducing results available in litera-
ture.

e the correctness of the returned greeks is tested by reproducing numerical derivatives.

Public Member Functions

e void calculate () const
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7.16 AnalyticContinuousFixedLookbackEngine Class Refer-
ence

#include <qgl/PricingEngines/Lookback/analyticcontinuousfixedlookback.hpp>

Inheritance diagram for AnalyticContinuousFixedLookbackEngine:

engine

A

AnalyticContinuousFixedLookbackEngine

7.16.1 Detailed Description

Pricing engine for European continuous fixed-strike lookback.

Formula from "Option Pricing Formulas", E.G. Haug, McGraw-Hill, 1998, p.63-64
Tests

returned values are verified against results from literature

Public Member Functions

e void calculate () const
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7.17 AnalyticContinuousFloatingLookbackEngine Class Refer-
ence

#include <ql/PricingEngines/Lookback/analyticcontinuousfloatinglookback.hpp>

Inheritance diagram for AnalyticContinuousFloatingLookbackEngine:

engine
A

AnalyticContinuousFloatingLookbackEngine

7.17.1 Detailed Description

Pricing engine for European continuous floating-strike lookback.

Formula from "Option Pricing Formulas", E.G. Haug, McGraw-Hill, 1998, p.61-62
Tests

returned values verified against results from literature

Public Member Functions

e void calculate () const
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7.18 AnalyticContinuousGeometricAveragePriceAsianEngine
Class Reference

#include <ql/PricingEngines/Asian/analytic_cont_geom_av_price.hpp>

Inheritance diagram for AnalyticContinuousGeometricAveragePriceAsianEngine:

engine
[

AnalyticContinuousGeometricAveragePriceAsianEngine

7.18.1 Detailed Description

Pricing engine for European continuous geometric average price Asian.

This class implements a continuous geometric average price Asian option with European exercise.
The formula is from "Option Pricing Formulas", E. G. Haug (1997) pag 96-97.

Tests
e the correctness of the returned value is tested by reproducing results available in litera-
ture, and results obtained using a discrete average approximation.
e the correctness of the returned greeks is tested by reproducing numerical derivatives.
Todo

handle seasoned options

Public Member Functions

e void calculate () const
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7.19 AnalyticDigitalAmericanEngine Class Reference

#include <ql/PricingEngines/Vanilla/analyticdigitalamericanengine.hpp>

Inheritance diagram for AnalyticDigital AmericanEngine:

engine
A;

AnalyticDigitalAmericanEngine

7.19.1 Detailed Description

Pricing engine for American vanilla options with digital payoff using analytic formulae

Todo

add more greeks (as of now only delta and rho available)

Tests

e the correctness of the returned value in case of cash-or-nothing at-hit digital payoff is
tested by reproducing results available in literature.

e the correctness of the returned value in case of asset-or-nothing at-hit digital payoff is
tested by reproducing results available in literature.

e the correctness of the returned value in case of cash-or-nothing at-expiry digital payoff
is tested by reproducing results available in literature.

e the correctness of the returned value in case of asset-or-nothing at-expiry digital payoff
is tested by reproducing results available in literature.

e the correctness of the returned greeks in case of cash-or-nothing at-hit digital payoff is
tested by reproducing numerical derivatives.

Public Member Functions

e void calculate () const
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7.20 AnalyticDiscreteGeometri

Class Reference

cAveragePriceAsianEngine

#include <ql/PricingEngines/Asian/analytic_discr_geom_av_price.hpp>

Inheritance diagram for AnalyticDiscreteGeome

tricAveragePriceAsianEngine:

Observable

]

Pricing

]

Y

Engine

Y

GenericEngine< QuantLib::DiscreteAveragingAsianOption::arguments, DiscreteAveragingAsianOption::results >

[

eng

[

Y

Y

ne

AnalyticDiscreteGeometricAveragePriceAsianEngine

7.20.1 Detailed Description

Pricing engine for European discrete geometric average price Asian.

This class implements a discrete geometric aver

age price Asian option, with European exercise.

The formula is from "Asian Option", E. Levy (1997) in "Exotic Options: The State of the Art",

edited by L. Clewlow, C. Strickland, pag 65-97

Todo

implement correct theta, rho, and dividend-

Tests

e the correctness of the returned value is
ture.

rho calculation

tested by reproducing results available in litera-

e the correctness of the available greeks is tested against numerical calculations.

Public Member Functions

e void calculate () const
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7.21 AnalyticDividendEuropeanEngine Class Reference

#include <ql/PricingEngines/Vanilla/analyticdividendeuropeanengine.hpp>

Inheritance diagram for AnalyticDividendEuropeanEngine:

A
PricingEngine
A

GenericEngine< QuantLib::DividendVanillaOption::arguments, DividendVanillaOption::results >

engine

[

AnalyticDividendEuropeanEngine

7.21.1 Detailed Description

Analytic pricing engine for European options with discrete dividends.

Tests

the correctness of the returned greeks is tested by reproducing numerical derivatives.

Public Member Functions

e void calculate () const
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7.22 AnalyticEuropeanEngine Class Reference

#include <ql/PricingEngines/Vanilla/analyticeuropeanengine.hpp>

Inheritance diagram for AnalyticEuropeanEngine:

engine
4

| AnalyticEuropeanEngine |

7.22.1 Detailed Description

Pricing engine for European vanilla options using analytical formulae.

Tests
the correctness of the returned value is tested by reproducing results available in litera-
ture.
the correctness of the returned greeks is tested by reproducing results available in
literature.
the correctness of the returned greeks is tested by reproducing numerical derivatives.
the correctness of the returned implied volatility is tested by using it for reproducing
the target value.
the implied-volatility calculation is tested by checking that it does not modify the option.
the correctness of the returned value in case of cash-or-nothing digital payoff is tested
by reproducing results available in literature.
the correctness of the returned value in case of asset-or-nothing digital payoff is tested
by reproducing results available in literature.
the correctness of the returned value in case of gap digital payoffis tested by reproducing
results available in literature.
the correctness of the returned greeks in case of cash-or-nothing digital payoff is tested
by reproducing numerical derivatives.

Examples:

EquityOption.cpp.

Public Member Functions

e void calculate () const
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7.23 AnalyticHestonEngine Class Reference

#include <ql/PricingEngines/Vanilla/analytichestonengine.hpp>

Inheritance diagram for AnalyticHestonEngine:

Observable
PricingEngine

Y

| GenericEngine< ArgumentsType, ResultsType > | | Observer |

| GenericModelEngine< QuantLib::HestonModel, VanillaOption::arguments, VanillaOption::results >

AnalyticHestonEngine
A

BatesEngine

7.23.1 Detailed Description

analytic Heston-model engine based on Fourier transform
References:

Heston, Steven L., 1993. A Closed-Form Solution for Options with Stochastic Volatility with
Applications to Bond and Currency Options. The review of Financial Studies, Volume 6, Issue 2,
327-343.

Dupire, Bruno, 1994. Pricing with a smile. Risk Magazine, 7, 18-20.

A.  Sepp, Pricing  European-Style  Options under Jump  Diffusion  Pro-
cesses  with  Stochastic ~ Volatility: Applications  of  Fourier = Transform
(<http://math.ut.ee/~spartak/papers/stochjumpvols.pdf>)

Tests

the correctness of the returned value is tested by reproducing results available in
web/literature and comparison with Black pricing.

Public Member Functions

e AnalyticHestonEngine (const boost::shared_ptr< HestonModel > &model, Size
integrationOrder=64)

e void calculate () const

e virtual std::complex< Real > jumpDiffusionTerm (Real phi, Time t, Size j) const
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7.24 AnalyticPerformanceEngine Class Reference

#include <ql/PricingEngines/Cliquet/analyticperformanceengine.hpp>

Inheritance diagram for AnalyticPerformanceEngine:

Observable
A
PricingEngine

A

GenericEngine< QuantLib::CliquetOption::arguments, CliquetOption::results >

A

AnalyticPerformanceEngine |

7.24.1 Detailed Description

Pricing engine for performance options using analytical formulae.

Tests

the correctness of the returned greeks is tested by reproducing numerical derivatives.

Public Member Functions

e void calculate () const
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7.25 Argentina Class Reference

#include <qgl/Calendars/argentina.hpp>

Inheritance diagram for Argentina:

| Bridge< QuantLib::Calendar, QuantLib::Calendarimpl >

Calendar
A
Argentina

7.25.1 Detailed Description

Argentinian calendars.

Holidays for the Buenos Aires stock exchange (data from <http://www.merval.sba.com.ar/>):

Saturdays

Sundays

New Year’s Day, January 1st

Holy Thursday

Good Friday

Labour Day, May 1st

May Revolution, May 25th

Death of General Manuel Belgrano, third Monday of June
Independence Day, July 9th

Death of General José de San Martin, third Monday of August

Columbus Day, October 12th (moved to preceding Monday if on Tuesday or Wednesday
and to following if on Thursday or Friday)

Immaculate Conception, December 8th
Christmas Eve, December 24th

New Year’s Eve, December 31th

Public Types

enum Market { Merval }

Public Member Functions

Argentina (Market m=Merval)
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7.25.2 Member Enumeration Documentation

7.25.2.1 enum Market

Enumerator:

Merval Buenos Aires stock exchange calendar.
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7.26 Arguments Class Reference

#include <ql/argsandresults.hpp>

Inheritance diagram for Arguments:

Arguments

[

arguments | |arguments | |arguments | |arguments | |arguments

7.26.1 Detailed Description

base class for generic argument groups

Public Member Functions

e virtual void validate () const=0
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7.27 ArmijoLineSearch Class Reference

#include <ql/Optimization/armijo.hpp>

Inheritance diagram for ArmijoLineSearch:

LineSearch
1;

ArmijoLineSearch

7.27.1 Detailed Description

Armijo line search.

Let o and 8 be 2 scalars in [0, 1]. Let x be the current value of the unknown, d the search direction
and t the step. Let f be the function to minimize. The line search stops when ¢ verifies

flx+t-d)— f(x)<—atf'(x+t-d)
and

For+ é d) - f(x) > —%tf’(x+t~d)

(see Polak. Algorithms and consistent approximations, Optimization, volume 124 of Applied
Mathematical Sciences. Springer-verlag, N-Y, 1997)

Public Member Functions

e ArmijoLineSearch (Real eps=1e-8, Real alpha=0.05, Real beta=0.65)

Default constructor.

e Real operator() (const Problem &P, Real t_ini)

Perform line search.
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7.28 Array Class Reference

#include <ql/Math/array.hpp>

7.28.1 Detailed Description

1-D array used in linear algebra.

This class implements the concept of vector as used in linear algebra. As such, it is not meant to
be used as a container - std: :vector should be used instead.

Tests

construction of arrays is checked in a number of cases

Constructors, destructor, and assignment

e Array (Size size=0)

creates the array with the given dimension

Array (Size size, Real value)

creates the array and fills it with value

Array (Size size, Real value, Real increment)

creates the array and fills it according to ay = value, a; = a;_y + increment

Array (const Array &)

Array (const Disposable< Array > &)

Array & operator= (const Array &)

Array & operator= (const Disposable< Array > &)

Public Types

typedef Real + iterator

typedef const Real * const_iterator

typedef boost::reverse_iterator< iterator > reverse_iterator

typedef boost::reverse_iterator< const_iterator > const_reverse_iterator

Public Member Functions

Vector algebra

v += x and similar operation involving a scalar value are shortcuts for Vi : v; = v; + x
v *= wand similar operation involving two vectors are shortcuts for Vi : v; = v; X w;
Precondition:

all arrays involved in an algebraic expression must have the same size.

e const Array & operator+= (const Array &)
e const Array & operator+= (Real)
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const Array & operator-= (const Array &)

const Array & operator-= (Real)

const Array & operator »= (const Array &)
const Array & operator »= (Real)

const Array & operator/= (const Array &)

const Array & operator/= (Real)

Element access

e Real operator[ ] (Size) const
read-only

Real at (Size) const
Real front () const

Real back () const

Real & operator|[ ] (Size)

read-write

Real & at (Size)
Real & front ()
Real & back ()

Inspectors

e Size size () const

dimension of the array

e bool empty () const
whether the array is empty

Iterator access

const_iterator begin () const

iterator begin ()

const_iterator end () const

iterator end ()

const_reverse_iterator rbegin () const
reverse_iterator rbegin ()
const_reverse_iterator rend () const
reverse_iterator rend ()

Utilities

e void swap (Array &)

Related Functions
(Note that these are not member functions.)

Real DotProduct (const Array &, const Array &)

const Disposable< Array > operator+ (const Array &v)

const Disposable< Array > operator- (const Array &v)

const Disposable< Array > operator+ (const Array &, const Array &)
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const Disposable< Array > operator+ (const Array &, Real)

const Disposable< Array > operator+ (Real, const Array &)

const Disposable< Array > operator- (const Array &, const Array &)
const Disposable< Array > operator- (const Array &, Real)

const Disposable< Array > operator- (Real, const Array &)

const Disposable< Array > operator * (const Array &, const Array &)
const Disposable< Array > operator * (const Array &, Real)

const Disposable< Array > operator * (Real, const Array &)

const Disposable< Array > operator/ (const Array &, const Array &)
const Disposable< Array > operator/ (const Array &, Real)

const Disposable< Array > operator/ (Real, const Array &)

const Disposable< Array > Abs (const Array &)

const Disposable< Array > Sqrt (const Array &)

const Disposable< Array > Log (const Array &)

const Disposable< Array > Exp (const Array &)

void swap (Array &, Array &)

std::ostream & operator<< (std::ostream &, const Array &)
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7.29 ARSCurrency Class Reference

#include <ql/Currencies/america.hpp>

Currency

ARSCurrency

Inheritance diagram for ARSCurrency:

!

7.29.1 Detailed Description

Argentinian peso.

The ISO three-letter code is ARS; the numeric code is 32. It is divided in 100 centavos.
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7.30 AssetOrNothingPayoff Class Reference

#include <ql/Instruments/payoffs.hpp>
Inheritance diagram for AssetOrNothingPayoff:

Payoff
[
TypePayoff
[
StrikedTypePayoff
[

| AssetOrNothingPayoff |

7.30.1 Detailed Description

Binary asset-or-nothing payoff.

Public Member Functions

o AssetOrNothingPayoff (Option:: Type type, Real strike)
e Real operator() (Real price) const
e virtual void accept (AcyclicVisitor &)
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7.31

AssetSwap Class Reference

#include <ql/Instruments/assetswap.hpp>

Inheritance diagram for AssetSwap:

| Observable | | Observer

LazyObject
A;

Instrument
]
AssetSwap

inInA

7.31.1 Detailed Description

Asset swap.

Public Member Functions

AssetSwap (bool payFixedRate, const boost:shared_ptr< Bond > &bond, Real bond-
CleanPrice, const Schedule &floatSchedule, const boost::shared ptr< Xibor > &index,
Spread spread, const DayCounter &floatingDayCount, const Handle< YieldTermStructure
> &termStructure)

Spread fairSpread () const

Real floatingLegBPS () const

Real fairPrice () const

Spread spread () const

Real nominal () const

bool payFixedRate () const

const std::vector< boost::shared_ptr< CashFlow > > & bondLeg () const

const std::vector< boost::shared_ptr< CashFlow > > & floatingLeg () const

void setupArguments (Arguments *args) const

void fetchResults (const Results #) const

Classes

class arguments

Arguments for asset swap calculation

class results

Results from simple swap calculation
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7.31.2 Member Function Documentation
7.31.2.1 void setupArguments (Arguments * args) const [virtual]

When a derived argument structure is defined for an instrument, this method should be overrid-
den to fill it. This is mandatory in case a pricing engine is used.

Reimplemented from Instrument.

7.31.2.2 void fetchResults (const Results *) const [virtual]

When a derived result structure is defined for an instrument, this method should be overridden
to read from it. This is mandatory in case a pricing engine is used.

Reimplemented from Instrument.
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7.32 AssetSwap:arguments Class Reference

#include <qgl/Instruments/assetswap.hpp>

Inheritance diagram for AssetSwap::arguments:

Arguments
[

| AssetSwap::arguments |

7.32.1 Detailed Description

Arguments for asset swap calculation

Public Member Functions

e void validate () const

Public Attributes

¢ bool payFixed

e Real nominal

e std::vector< Time > fixedResetTimes

o std::vector< Time > fixedPayTimes

e std::vector< Real > fixedCoupons

o std::vector< Time > floatingAccrualTimes
o std::vector< Time > floatingResetTimes

e std:vector< Time > floatingFixingTimes
e std:vector< Time > floatingPayTimes
e std::vector< Spread > floatingSpreads
o Real currentFloatingCoupon
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7.33 AssetSwap:results Class Reference

#include <qgl/Instruments/assetswap.hpp>

Inheritance diagram for AssetSwap::results:

[
[

| AssetSwap::results |

7.33.1 Detailed Description

Results from simple swap calculation

Public Member Functions

e void reset ()

Public Attributes

o Real floatingLegBPS
e Spread fairSpread
e Real fairPrice
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7.34 ATSCurrency Class Reference

#include <ql/Currencies/europe.hpp>

Inheritance diagram for ATSCurrency:

Currency

ATSCurrency

7.34.1 Detailed Description

Austrian shilling.
The ISO three-letter code was ATS; the numeric code was 40. It was divided in 100 groschen.
Obsoleted by the Euro since 1999.
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7.35 AUDCurrency Class Reference

#include <ql/Currencies/oceania.hpp>

Currency
AUDCurrency

Inheritance diagram for AUDCurrency:

7.35.1 Detailed Description

Australian dollar.

The ISO three-letter code is AUD; the numeric code is 36. It is divided into 100 cents.
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7.36 AUDLibor Class Reference

#include <ql/Indexes/audlibor.hpp>
Inheritance diagram for AUDLibor:

Observable
A

| Index | |Observer

InterestRatelndex

AUDLibor

7.36.1 Detailed Description

AUD LIBOR rate
Australian Dollar LIBOR fixed by BBA.
See <http://www.bba.org.uk/bba/jsp/polopoly.jsp?d=225&a=1414>.

Public Member Functions

e AUDLibor (const Period &tenor, const Handle< YieldTermStructure > &h=Handle<
YieldTermStructure >(), BusinessDayConvention convention=MonthEndReference, Integer
settlementDays=2)
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7.37 Australia Class Reference

#include <ql/Calendars/australia.hpp>

Inheritance diagram for Australia:

| Bridge< QuantLib::Calendar, QuantLib::Calendarimpl >

A

Australia

7.37.1 Detailed Description

Australian calendar.

Holidays:

e Saturdays

e Sundays

e New Year’s Day, January 1st

e Australia Day, January 26th (possibly moved to Monday)
e Good Friday

e Easter Monday

e ANZAC Day. April 25th (possibly moved to Monday)

e Queen’s Birthday, second Monday in June

e Bank Holiday, first Monday in August

e Labour Day, first Monday in October

e Christmas, December 25th (possibly moved to Monday or Tuesday)

¢ Boxing Day, December 26th (possibly moved to Monday or Tuesday)
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7.38 Average Struct Reference

#include <ql/Instruments/asianoption.hpp>

7.38.1 Detailed Description

placeholder for enumerated averaging types

Public Types

e enum Type { Arithmetic, Geometric }
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7.39 BackwardFlat Class Reference

#include <ql/Math/backwardflatinterpolation.hpp>

7.39.1 Detailed Description

Backward-flat interpolation factory and traits.

Public Types

e enum { global =0}

Public Member Functions

e template<class I1, class 12> Interpolation interpolate (const I1 &xBegin, const I1 &xEnd,
const 12 &yBegin) const
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7.40 BackwardFlatInterpolation Class Reference

#include <ql/Math/backwardflatinterpolation.hpp>

Inheritance diagram for BackwardFlatInterpolation:

| Bridge< QuantLib::Interpolation, QuantLib::Interpolationimpl > | | Extrapolator

Interpolation

Y

| BackwardFlatinterpolation |

7.40.1 Detailed Description

Backward-flat interpolation between discrete points.

Public Member Functions

e template<class I1, class 12> BackwardFlatInterpolation (const I1 &xBegin, const I1 &xEnd,
const 12 &yBegin)

7.40.2 Constructor & Destructor Documentation
7.40.2.1 BackwardFlatInterpolation (const I1 & xBegin, const I1 & xEnd, const 12 & yBegin)

Precondition:

the x values must be sorted.
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7.41 BaroneAdesiWhaleyApproximationEngine Class Refer-
ence

#include <qgl/PricingEngines/Vanilla/baroneadesiwhaleyengine.hpp>

Inheritance diagram for BaroneAdesiWhaley ApproximationEngine:

engine
A;

BaroneAdesiWhaleyApproximationEngine

7.41.1 Detailed Description

Pricing engine for American options with Barone-Adesi and Whaley approximation (1987)

Tests

the correctness of the returned value is tested by reproducing results available in literature.

Examples:

EquityOption.cpp.

Public Member Functions

e void calculate () const

Static Public Member Functions

e static Real criticalPrice (const boost:shared_ptr< StrikedTypePayoff > &payoff,
DiscountFactor riskFreeDiscount, DiscountFactor dividendDiscount, Real variance, Real
tolerance=1e-6)
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7.42 Barrier Struct Reference

#include <ql/Instruments/barrieroption.hpp>

7.42.1 Detailed Description

Placeholder for enumerated barrier types.

Public Types

e enum Type { Downln, UpIn, DownOut, UpOut }
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7.43 BarrierOption Class Reference

#include <ql/Instruments/barrieroption.hpp>

Inheritance diagram for BarrierOption:

| Observable | | Observer

LazyObject
[

Instrument

ion

OneAssetOption
[

| OneAssetStrikedOption |

o
=1 >

BarrierOption

7.43.1 Detailed Description

Barrier option on a single asset.

The analytic pricing engine will be used if none if passed.

Examples:

Replication.cpp.

Public Member Functions

e BarrierOption (Barrier::Type barrierType, Real barrier, Real rebate, const boost::shared_-
ptr< StochasticProcess > &, const boost::shared_ptr< StrikedTypePayoff > &payoff, const
boost::shared_ptr< Exercise > &exercise, const boost::shared_ptr< PricingEngine > &en-
gine=boost::shared_ptr< PricingEngine >())

e void setupArguments (Arguments *) const

Protected Attributes

e Barrier::Type barrierType_
e Real barrier_
e Real rebate_
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Classes

e class arguments

Arguments for barrier option calculation

e class engine

Barrier engine base class

7.43.2 Member Function Documentation
7.43.2.1 void setupArguments (Arguments ) const [virtual]

When a derived argument structure is defined for an instrument, this method should be overrid-
den to fill it. This is mandatory in case a pricing engine is used.

Reimplemented from OneAssetStrikedOption.
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7.44 BarrierOption::arguments Class Reference

#include <ql/Instruments/barrieroption.hpp>

7.44.1 Detailed Description

Arguments for barrier option calculation

Public Member Functions

e void validate () const

Public Attributes

e Barrier::Type barrierType
e Real barrier
e Real rebate
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7.45 BarrierOption::engine Class Reference

#include <ql/Instruments/barrieroption.hpp>

Inheritance diagram for BarrierOption::engine:

Observable
A
PricingEngine

A

GenericEngine< QuantLib::BarrierOption::arguments, BarrierOption::results >

BarrierOption::engine

AnalyticBarrierEngine | |MCBarrierEngine

7.45.1 Detailed Description

Barrier engine base class
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7.46 BasketOption Class Reference

#include <ql/Instruments/basketoption.hpp>

Inheritance diagram for BasketOption:

| Observable | | Observer

LazyObject
[

Instrument

ion

MultiAssetOption
BasketOption

o
ol S >

[

7.46.1 Detailed Description

Basket option on a number of assets.

Public Types

e enum BasketType { Min, Max }

Public Member Functions

e BasketOption (const BasketType basketType, const boost::shared_ptr< StochasticProcess >
&, const boost::shared_ptr< PlainVanillaPayoff > &, const boost::shared_ptr< Exercise > &,
const boost::shared_ptr< PricingEngine > &engine=boost::shared_ptr< PricingEngine >())

e void setupArguments (Arguments *) const

Classes

e class arguments

Arguments for basket option calculation

e class engine

Basket option engine base class
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7.46.2 Member Function Documentation
7.46.2.1 void setupArguments (Arguments *) const [virtual]

When a derived argument structure is defined for an instrument, this method should be overrid-
den to fill it. This is mandatory in case a pricing engine is used.

Reimplemented from MultiAssetOption.

Generated on Thu Nov 2 18:19:48 2006 for QuantLib by Doxygen



7.47 BasketOption::arguments Class Reference

211

7.47 BasketOption::arguments Class Reference

#include <ql/Instruments/basketoption.hpp>

7.47.1 Detailed Description

Arguments for basket option calculation

Public Member Functions

e void validate () const

Public Attributes

o BasketType basketType
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7.48 BasketOption::engine Class Reference

#include <ql/Instruments/basketoption.hpp>
Inheritance diagram for BasketOption::engine:

MCBasketEngine

GenericEngine< QuantLib: BasketOption=:arguments, BasketOption::results > _|&——{ BasketOpti ine_}a—{ wc tzEngine< QuantLib::BasketOption::engine, QuantLib::MultiVariate< RNG > >

StulzEngine

7.48.1 Detailed Description

Basket option engine base class
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7.49 BatesEngine Class Reference

#include <ql/PricingEngines/Vanilla/batesengine.hpp>

Inheritance diagram for BatesEngine:

Observable

Y

PricingEngine

| GenericEngine< ArgumentsType, ResultsType > | | Observer |

| GenericModelEngine< QuantLib::HestonModel, VanillaOption::arguments, VanillaOption::results >

AnalyticHestonEngine

A

BatesEngine

7.49.1 Detailed Description

Bates model engines based on Fourier transform.
this classes price european options under the following processes
1. Jump-Diffusion with Stochastic Volatility
dS(t,S) = (r—d—Am)Sdt+ vSdW; + (¢/ — 1)SAN

do(t,S) = (6 —v)dt+ o udW,
dwldWQ = pdt

N is a Poisson process with the intensity A. When a jump occurs the magnitude ] has the
probability distribution function w(J).
1.1 Log-Normal Jump Diffusion: BatesEngine

Logarithm of the jump size ] is normally distributed

N2
w()) = |

1
V21? P [_ 207
1.2 Double-Exponential Jump Diffusion: BatesDoubleExpEngine
The jump size has an asymmetric double exponential distribution
w(]) = p,%ue’”%]lpo + q%ei}lko
p+q = 1

2. Stochastic Volatility with Jump Diffusion and Deterministic Jump Intensity

dS(tS) = (r—d—Am)Sdt + \OSAW, + (¢! — 1)SAN
dv(t,S) = (0 —v)dt+ o\udW,
(D) = 16, — A)dt
AW dW, = pdt
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2.1 Log-Normal Jump Diffusion with Deterministic Jump Intensity BatesDetflumpEngine

2.2 Double-Exponential Jump Diffusion with Deterministic Jump Intensity BatesDoubleExpDet-
JumpEngine

References:

D. Bates, Jumps and stochastic volatilit: exchange rate processes implicit in Deutsche mark
options", Review of Financial Sudies 9, 69-107.

A.  Sepp, Pricing  European-Style  Options under Jump  Diffusion  Pro-
cesses  with  Stochastic ~ Volatility: Applications  of  Fourier = Transform
(<http://math.ut.ee/~spartak/papers/stochjumpvols.pdf>)

Tests
the correctness of the returned value is tested by reproducing results available in
web/literature, testing against QuantLib’s jump diffusion engine and comparison with Black
pricing.

Public Member Functions

e BatesEngine (const boost::shared_ptr< BatesModel > &model, Size integrationOrder=64)

Protected Member Functions

o std::complex< Real > jumpDiffusionTerm (Real phi, Time t, Size j) const
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7.50 BatesModel Class Reference

#include <ql/ShortRateModels/TwoFactorModels/batesmodel.hpp>
Inheritance diagram for BatesModel:

| Observer | | Observable

CalibratedModel

[

HestonModel
[
BatesModel

7.50.1 Detailed Description

extended versions of Heston model for the stochastic volatility of an asset including jumps.

References: A. Sepp, Pricing European-Style Options wunder Jump Diffu-
sion Processes with Stochastic Volatility: Applications of Fourier Transform
(<http://math.ut.ee/~spartak/papers/stochjumpvols.pdf>)

Tests

calibration is tested against known values.

Public Member Functions

e BatesModel (const boost::shared_ptr< HestonProcess > &process, Real lambda=0.1, Real
nu=0.0, Real delta=0.1)

e Real nu () const

e Real delta () const

e Real lambda () const
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7.51 BDTCurrency Class Reference

#include <ql/Currencies/asia.hpp>

Inheritance diagram for BDTCurrency:

Currency

BDTCurrency

7.51.1 Detailed Description

Bangladesh taka.
The ISO three-letter code is BDT; the numeric code is 50. It is divided in 100 paisa.
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7.52 BEFCurrency Class Reference

#include <ql/Currencies/europe.hpp>

Inheritance diagram for BEFCurrency:

Currency
BEFCurrency

7.52.1 Detailed Description

Belgian franc.
The ISO three-letter code was BEF; the numeric code was 56. It had no subdivisions.

Obsoleted by the Euro since 1999.
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7.53 BermudanExercise Class Reference

#include <ql/exercise.hpp>

Inheritance diagram for BermudanExercise:

Exercise
[
EarlyExercise
A

| BermudanExercise |

7.53.1 Detailed Description

Bermudan exercise.

A Bermudan option can only be exercised at a set of fixed dates.

Todo

it would be nice to have a way for making a Bermudan with one exercise date equivalent to
an European

Examples:

BermudanSwaption.cpp, and EquityOption.cpp.

Public Member Functions

e BermudanExercise (const std::vector< Date > &dates, bool payoffAtExpiry=false)
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7.54 BGLCurrency Class Reference

#include <ql/Currencies/europe.hpp>

Inheritance diagram for BGLCurrency:

Currency

BGLCurrency

D

7.54.1 Detailed Description

Bulgarian lev.

The ISO three-letter code is BGL; the numeric code is 100. It is divided in 100 stotinki.
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7.55 Bicubic Class Reference

#include <ql/Math/bicubicsplineinterpolation.hpp>

7.55.1 Detailed Description

bicubic-spline interpolation factory

Public Member Functions

e template<class I1, class 12, class M> Interpolation2D interpolate (const I1 &xBegin, const
I1 &xEnd, const I2 &yBegin, const 12 &yEnd, const M &z) const
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7.56 BicubicSpline Class Reference

#include <ql/Math/bicubicsplineinterpolation.hpp>

Inheritance diagram for BicubicSpline:

| Bridge< QuantLib::Interpolation2D, QuantLib::Interpolation2DImpl > | | Extrapolator

Interpolation2D

BicubicSpline

7.56.1 Detailed Description
bicubic-spline interpolation between discrete points

Todo

revise end conditions

Public Member Functions
o template<class I1, class 12, class M> BicubicSpline (const I1 &xBegin, const I1 &xEnd, const
12 &yBegin, const I2 &yEnd, const M &zData)

7.56.2 Constructor & Destructor Documentation

7.56.2.1 BicubicSpline (const I1 & xBegin, const I1 & xEnd, const 12 & yBegin, const 12 &
yEnd, const M & zData)

Precondition:

the x and y values must be sorted.
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7.57 Bilinear Class Reference
#include <ql/Math/bilinearinterpolation.hpp>

7.57.1 Detailed Description

bilinear interpolation factory

Public Member Functions

e template<class I1, class 12, class M> Interpolation2D interpolate (const I1 &xBegin, const
I1 &xEnd, const I2 &yBegin, const 12 &yEnd, const M &z) const
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7.58 BilinearInterpolation Class Reference

#include <ql/Math/bilinearinterpolation.hpp>

Inheritance diagram for BilinearInterpolation:

| Bridge< QuantLib::Interpolation2D, QuantLib::Interpolation2DImpl > | | Extrapolator

Interpolation2D

BilinearInterpolation

7.58.1 Detailed Description

bilinear interpolation between discrete points

Public Member Functions
e template<classll, class 12, class M> BilinearInterpolation (const I1 &xBegin, const 11 &xEnd,
const 12 &yBegin, const 12 &yEnd, const M &zData)
7.58.2 Constructor & Destructor Documentation

7.58.2.1 BilinearInterpolation (const I1 & xBegin, const I1 & xEnd, const 12 & yBegin, const 12
& yEnd, const M & zData)

Precondition:

the x and y values must be sorted.
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7.59 BinomialConvertibleEngine Class Template Reference

#include <ql/PricingEngines/Hybrid/binom

ialconvertibleengine.hpp>

Inheritance diagram for BinomialConvertibleEngine:

Observable

[

Pricing

A

Y

Engine

GenericEngine< QuantLib::ConvertibleBond::option::arguments, ConvertibleBond::option::results >

engi

[

ine

Y

| BinomialConvertibleEngine |

7.59.1 Detailed Description

template<class T> class QuantLib::BinomialConvertibleEngine< T >

Binomial Tsiveriotis-Fernandes engine for convertible bonds.

Examples:

ConvertibleBonds.cpp.

Public Member Functions

e BinomialConvertibleEngine (Size timeSteps)

e void calculate () const
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7.60 BinomialDistribution Class Reference

#include <ql/Math/binomialdistribution.hpp>

7.60.1 Detailed Description

Binomial probability distribution function.

formula here ... Given an integer k it returns its probability in a Binomial distribution with
parameters p and n.
Public Member Functions

¢ BinomialDistribution (Real p, BigNatural n)
o Real operator() (BigNatural k) const
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7.61 BinomialTree Class Template Reference

#include <qgl/Lattices/binomialtree.hpp>

Inheritance diagram for BinomialTree:

l EquallumpsBinomialTree< T > l

l EqualProbabilitiesBinomialTree< T > l

Tree< T> H BinomialTree I::

| LeisenReimer< QuantLib::LeisenReimer > |
Tian< QuantLib::Tian > |

7.61.1 Detailed Description
template<class T> class QuantLib::BinomialTree< T >

Binomial tree base class.

Public Types

e enum { branches =2}

Public Member Functions

e BinomialTree (const boost::shared_ptr< StochasticProcess1D > &process, Time end, Size
steps)

e Size size (Size i) const

e Size descendant (Size, Size index, Size branch) const

Protected Attributes

e Real x0_
o Real driftPerStep_
e Time dt_
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7.62 BinomialVanillaEngine Class Template Reference

#include <ql/PricingEngines/Vanilla/binomialengine.hpp>

Inheritance diagram for BinomialVanillaEngine:

engine
[

| BinomialVanillaEngine |

7.62.1 Detailed Description
template<class T> class QuantLib::Binomial VanillaEngine< T >

Pricing engine for vanilla options using binomial trees.

Tests

the correctness of the returned value is tested by checking it against analytic results.

Examples:

EquityOption.cpp.

Public Member Functions

e BinomialVanillaEngine (Size timeSteps)
e void calculate () const
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7.63 Bisection Class Reference

#include <ql/SolverslD/bisection.hpp>

Inheritance diagram for Bisection:

| CuriouslyRecurringTemplate< Impl > |

| Solver1D< QuantLib::Bisection > |

7.63.1 Detailed Description
Bisection 1-D solver

Tests

the correctness of the returned values is tested by checking them against known good results.

Public Member Functions

e template<class F> Real solveImpl (const F &f, Real xAccuracy) const
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7.64 BivariateCumulativeNormalDistributionDr78 Class Refer-
ence

#include <qgl/Math/bivariatenormaldistribution.hpp>

7.64.1 Detailed Description

Cumulative bivariate normal distribution function.
Drezner (1978) algorithm, six decimal places accuracy.

For this implementation see "Option pricing formulas", E.G. Haug, McGraw-Hill 1998

Todo

check accuracy of this algorithm and compare with: 1) Drezner, Z, (1978), Computation of the
bivariate normal integral, Mathematics of Computation 32, pp. 277-279. 2) Drezner, Z. and
Wesolowsky, G. O. (1990) ‘On the Computation of the Bivariate Normal Integral’, Journal of
Statistical Computation and Simulation 35, pp. 101-107. 3) Drezner, Z (1992) Computation
of the Multivariate Normal Integral, ACM Transactions on Mathematics Software 18, pp.
450-460. 4) Drezner, Z (1994) Computation of the Trivariate Normal Integral, Mathematics of
Computation 62, pp. 289-294. 5) Genz, A. (1992) ‘Numerical Computation of the Multivariate
Normal Probabilities’, ]. Comput. Graph. Stat. 1, pp. 141-150.

Tests

the correctness of the returned value is tested by checking it against known good results.

Public Member Functions

e BivariateCumulativeNormalDistributionDr78 (Real rho)
e Real operator() (Real a, Real b) const
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7.65 BivariateCumulativeNormalDistributionWe04DP Class
Reference

#include <qgl/Math/bivariatenormaldistribution.hpp>

7.65.1 Detailed Description

Cumulative bivariate normal distibution function (West 2004).

The implementation derives from the article "Better Approximations To Cumulative Nor-
mal Distibutions", Graeme West, Dec 2004 available at www.finmod.co.za. Also available
in Wilmott Magazine, 2005, (May), 70-76, The main code is a port of the C++ code at
www.finmod.co.za/cumfunctions.zip.

The algorithm is based on the near double-precision algorithm described in "Numerical Compu-
tation of Rectangular Bivariate an Trivariate Normal and t Probabilities", Genz (2004), Statistics
and Computing 14, 151-160. (available at www.sci.wsu.edu/math/faculty/henz/homepage)

The QuantLib implementation mainly differs from the original code in two regards;

e The implementation of the cumulative normal distribution is QuantLib:Cumulative-
NormalDistribution

e The arrays XX and W are zero-based

Tests

the correctness of the returned value is tested by checking it against known good results.

Public Member Functions

e BivariateCumulativeNormalDistributionWe04DP (Real rho)
e Real operator() (Real a, Real b) const
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7.66 BjerksundStenslandApproximationEngine Class Refer-
ence

#include <ql/PricingEngines/Vanilla/bjerksundstenslandengine.hpp>

Inheritance diagram for BjerksundStensland ApproximationEngine:

engine

A

BjerksundStenslandApproximationEngine

7.66.1 Detailed Description

Pricing engine for American options with Bjerksund and Stensland approximation (1993)

Tests

the correctness of the returned value is tested by reproducing results available in literature.
Examples:

EquityOption.cpp.

Public Member Functions

e void calculate () const
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7.67 BlackCapFloorEngine Class Reference

#include <ql/PricingEngines/CapFloor/blackcapfloorengine.hpp>
Inheritance diagram for BlackCapFloorEngine:

Observable
A
PricingEngine
A

GenericEngine< QuantLib::CapFloor::arguments, QuantLib::CapFloor::results >

Observer

engine

BlackCapFloorEngine

7.67.1 Detailed Description

Black-formula cap/floor engine.

Public Member Functions

e BlackCapFloorEngine (const Handle< Quote > &volatility)

e BlackCapFloorEngine (const Handle< CapletVolatilityStructure > &)
e void calculate () const

e void update ()

7.67.2 Member Function Documentation
7.67.2.1 void update () [virtual]

This method must be implemented in derived classes. An instance of Observer does not call this
method directly: instead, it will be called by the observables the instance registered with when
they need to notify any changes.

Implements Observer.
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7.68 BlackConstantVol Class Reference

#include <ql/Volatilities/blackconstantvol.hpp>

Inheritance diagram for BlackConstantVol:

|Observer | | Observable | | Extrapolator

TermStructure

A

| BlackVolTerm Structure |

[ Blackvolatility TermStructure |

BlackConstantVol

7.68.1 Detailed Description

Constant Black volatility, no time-strike dependence.

This class implements the BlackVolatilityTermStructure interface for a constant Black volatility
(no time/strike dependence).

Examples:

ConvertibleBonds.cpp, DiscreteHedging.cpp, EquityOption.cpp, and Replication.cpp.

Public Member Functions

e BlackConstantVol (const Date &referenceDate, Volatility volatility, const DayCounter
&dayCounter)

e BlackConstantVol (const Date &referenceDate, const Handle< Quote > &volatility, const
DayCounter &dayCounter)

e BlackConstantVol (Integer settlementDays, const Calendar &, Volatility volatility, const
DayCounter &dayCounter)

¢ BlackConstantVol (Integer settlementDays, const Calendar &, const Handle< Quote >
&volatility, const DayCounter &dayCounter)

BlackVolTermStructure interface

e DayCounter dayCounter () const

the day counter used for dateftime conversion

e Date maxDate () const
the latest date for which the curve can return values

e Time maxTime () const
the latest time for which the curve can return values
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e Real minStrike () const
the minimum strike for which the term structure can return vols

e Real maxStrike () const

the maximum strike for which the term structure can return vols

Visitability

e virtual void accept (AcyclicVisitor &)

Protected Member Functions

e virtual Volatility blackVollmpl (Time t, Real) const

Black volatility calculation.
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7.69 BlackFormula Class Reference

#include <ql/PricingEngines/blackformula.hpp>

7.69.1 Detailed Description
Black-formula calculator.

Bug

When the variance is null, division by zero occur during the calculation of delta, delta

forward, gamma, gamma forward, rho, dividend rho, vega, and strike sensitivity.

Examples:

DiscreteHedging.cpp.

Public Member Functions

e BlackFormula (Real forward, DiscountFactor discount, Real variance, const boost::shared_-

ptr< Striked TypePayoff > &payoff)
e Real value () const
e Real delta (Real spot) const
e Real elasticity (Real spot) const

Sensitivity in percent to a percent movement in the underlying.

e Real gamma (Real spot) const
e Real deltaForward () const
o Real elasticityForward () const

Sensitivity in percent to a percent movement in the forward price.

e Real gammaForward () const

o Real theta (Real spot, Time maturity) const
o Real thetaPerDay (Real spot, Time maturity) const
e Real vega (Time maturity) const

o Real rho (Time maturity) const

e Real dividendRho (Time maturity) const

e Real itmCashProbability () const

e Real itmAssetProbability () const

o Real strikeSensitivity () const

e Real alpha () const

e Real beta () const

Friends

e class Calculator
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7.69.2 Member Function Documentation
7.69.2.1 Real itmCashProbability () const

Probability of being in the money in the bond martingale measure. It is a risk-neutral probability,
not the real world probability.

7.69.2.2 Real itmAssetProbability () const

Probability of being in the money in the asset martingale measure. It is a risk-neutral probability,
not the real world probability.
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7.70 BlackKarasinski Class Reference

#include <ql/ShortRateModels/OneFactorModels/blackkarasinski.hpp>

Inheritance diagram for BlackKarasinski:

| Observer | | Observable

CalibratedModel

| ShortRateModel | |TermStructureConsistentModeI

OneFactorModel

BlackKarasinski

7.70.1 Detailed Description

Standard Black-Karasinski model class.

This class implements the standard Black-Karasinski model defined by
dinr; = (0(t) — alnr)dt + cdW;,
where alpha and sigma are constants.

Examples:

BermudanSwaption.cpp.

Public Member Functions

e BlackKarasinski (const Handle< YieldTermStructure > &termStructure, Real a=0.1, Real
sigma=0.1)
e boost::shared_ptr< ShortR