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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 an 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 Calendars: Beijing, Budapest, Copenhagen, Frankfurt, Helsinki, Hong Kong, Italy (Set-
tlement, Exchange), Johannesburg, Oslo, Riyadh, Seoul, Singapore, Stockholm, Sydney,
Taiwan, TARGET, Tokyo, Toronto, United Kingdom (Settlement, Exchange, Metals), United
States (Settlement, Exchange, GovermentBond), Xetra, Warsaw, Wellington, Zurich.

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.
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Bivariate cumulative normal distribution.

Binomial coefficients, binomial distribution, cumulative binomial distribution, and Peizer-
Pratt inversion (method 2.)

Chi square and non-central chi square distributions.

Beta functions.

Poisson and cumulative Poisson distributions.

Incomplete gamma functions.

Gamma distribution.

Factorials.

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

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

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

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

Array and matrix classes for algebra.

Singular value decomposition.

Eigenvalues, eigenvectors for symmetric matrices.
Cholesky decomposition.

Schur decomposition.

Spectral rank-reduced square root, spectral pseudo-square root.

To do:

Periodic and Lagrange end conditions for cubic spline.

Implement convexity-preserving filter for cubic spline.

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

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

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

Histogram class
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4 Getting started

1-dimensional solvers

o Bisection, false position, Newton, bounded Newton, Ridder, secant, Brent.
To do:

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

¢ 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.

¢ 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.
o Differential operators: Dy, D, ,D_,D,D_.

e Shout, Bermudan and American exercises.
To do:

e Richardson extrapolation
e Introduce variable theta schemes.

Introduce multi time-level schemes.

Enable different solvers (SOR, etc.)

Extend to time-dependant parameters.

Extend to local volatility.
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e Two-dimension schemes.

e Improve boundary conditions.

e Adapt to the new pricing engine framework.
e Use Discretised Asset instead of array?

e Use TimeGrid

o Use assetGrid

e Handle barrier specification

e Handle variable asset step size

e 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 Evaluate proposed templatization

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.
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6 Getting started

e Review Monte Carlo engine for american options.
e Review multi-factor Monte Carlo simulation.

e Predictor-corrector scheme.

o Add Milstein scheme.

e Add Martingale control variate.

e Batch samples as N=n_batches*batch_size, and exploit it for randomized low discrepancy
sequences (RQMC)

Pricing engines

e Analytic Black formula (plus greeks) for different payoffs.

e Analytic formula for American-style digital options with payoff at expiry.
e Analytic formula for American-style digital options with payoff at hit.

e Monte Carlo simulation base engine.

e Lattice short rate model base engine.

e 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 Stensland
approximation for American, integral European, Merton 76 jump-diffusion, Monte Carlo
digital, Monte Carlo European.

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

e 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.

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

¢ Quanto compound engine.

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

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

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

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

To do:

o Add the trigger level Touch/NoTouch specification for American-style digitals.
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1.2 Project overview 7

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/)

e Continuous geometric average-strike.

Ensure all path-dependent options allow for evaluation with collected past observations.

Define dividendRho for discrete dividends.

Pricers

e Cliquet option

e Analytic discrete geometric average-price option (European exercise).
e Analytic discrete geometric average-strike option (European exercise).
e Finite difference American option.

e Bermudan option.

e Finite difference American option with discrete dividends (buggy).

e Finite difference European option with discrete dividends.

e Finite difference Shout option with discrete dividends (buggy).

e Finite difference European option (Black-Scholes).

e Monte Carlo cliquet option.

e Monte Carlo discrete arithmetic average-price option.

e Monte Carlo discrete arithmetic average-strike option.

e Monte Carlo Everest option.

e Monte Carlo Himalaya option.

e Monte Carlo max basket option.

e Monte Carlo pagoda option.

e Monte Carlo forward performance option.
To do:

e Fix finite difference in presence of dividends

o All pricers should be moved to the pricing engine framework.
Financial Instruments

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

e Cap/floor.
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e Fixed-rate coupon bond.

e Stock.

e One-asset option base class.
e Asian option.

e Barrier option.

e Cliquet option.

e Forward vanilla option.

e Quanto vanilla option.

e Quanto-forward vanilla option.
e Vanilla option.

e Multi-asset option base class.

e Basket option.
To do:

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

e More bonds.
Yield term structures

e Term structure common interface.

e 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).

e Interface for swaption Black volatility term structures (unstable).
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e 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.

o 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

o 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 Introduce BET and double BET.
e Valuation of credit default swap.

e Bootstrapping of default probability from bond, CDS, etc.

Test suite

Implemented by means of the Boost unit-test framework. More than 190 automated tests. An
automatically-generated list is available in chapter 10.

To do:

e Add covariance/correlation test for SequenceStatistics.
e Add single factor calibration and Bermudan pricing tests.

e Increase coverage.
Miscellanea

o Index classes for handling of fixed-income libor indexes (fixings, forecasting, etc.): AUD,
CAD, CHE EUR, GBP, JPY, USD, ZAR, generic.

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.
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10 Getting started

Exercise classes: European, Bermudan, American

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

Grid classes for handling of equally and unequally spaced grids.

History class for handling of historical data.

Quote class for mutable data.

Null types.

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

o IRR, duration, convexity, etc. for a sequence of cash flows

¢ Implement currency as per OMG definition
Documentation

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

To do:
o Add a "Getting started" page to the site
Distribution

e Windows installer generated with NSIS.
e Included in the Debian distribution.
e RPMs available.

e Fink package available.
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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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12 Getting started

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.

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 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_LINES

If defined (the default), file and line information is added to the error messages thrown by the
library.

#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. The default is to undefine the macro.

#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. The default is to undefine the macro.

#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

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

Generated on Mon May 2 14:45:07 2005 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 ql
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

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

e 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:

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

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

o the Developer FAQ <http://quantlib.org/developerFAQ. shtml>
e 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.

When building QuantLib, I get a compile error about a missing boost/something header.
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As mentioned in the readme, QuantLib depends on the Boost library (http://www.boost.org).
You must download and install it before building QuantLib.

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))

1.7.4 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.

1.7.5 QuantLib features

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

See the section ‘Contributing to the project” above.

1.7.6 QuantLib mailing lists

How do I prevent my auto-responder to post to the list when I'm away?
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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
<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.
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1.8 Version history

Release 0.3.9 - May 2005
GLOBAL FEATURES

e QL_SQRT, QL_MIN etc. deprecated in favor of std::sqrt, std::min...
o 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.

e DPartial 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

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

¢ 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.

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.

e 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
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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.

o 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

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

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

o 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.

e PathGenerator now works correctly with processes describing S instead of log S. Geometric
Brownian process added (thanks to Walter Penschke.)

LATTICE FRAMEWORK
e Reworked the Discretized Asset interface.
PRICING ENGINES FRAMEWORK

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

e 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.)
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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, CapletForward VolatilityStructure, 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.
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 New York calendars have been deprecated.

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

RollingConvention has been renamed BusinessDayConvention, as for ISDA definitions.

Generated on Mon May 2 14:45:07 2005 for QuantLib by Doxygen


http://www.boost.org/more/getting_started.html
http://www.boost.org/more/getting_started.html

1.8 Version history 23

MATH
e 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

e 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 configured #define to disable usage of deprecated classes.
PORTABILITY

e Fink package available

e Visual C++ 7.x project files added

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

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

e 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.
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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.

o 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
¢ bug fix for short time (0<=t<=Tmin) interpolation
OPTIMIZATION FRAMEWORK

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

PATTERNS
e Composite pattern
MATH

e 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.

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

e Singular value decomposition improved.

e Added bivariate cumulative normal distribution.
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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.

Added frequency enumeration, including ‘once’.
MarketElement renamed to Quote.

Handling strike=0.0 where possible.

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

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

Introduced QL_FAIL macro.

Added calendar for Copenhagen

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

Win32 installer generated with NSIS 2.0.

Release 0.3.4 - November 21th, 2003
MONTE CARLO FRAMEWORK

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

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

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

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

e Visitable volatility term structures
OPTIMIZATION FRAMEWORK

e Added composite constraint
PATTERNS

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

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

e Interpolation traits
TEST SUITE

e 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
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¢ Conditionally allowed negative yields (disabled by default)

e Null calendar and simple day counter for reproducing theoretical calculations
o Fixed for VC++.Net compilation

o Added spec file for RPMs

e Added global flag for early/late payments

e Enabled test suite for Borland

e 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.

e Mersenne Twister random number generator added

e Old PathPricers, PathGenerators, etc are available with a trailing _old
e Added Jackel’s Brownian Bridge (not used yet.)

e Sobol Random Sequence Generator. Unit and Jackel.

e 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.
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e Quanto forward compounded engines.

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

FIXED INCOME

Up-front and in-arrear indexed coupon.

Specific implementation of compound forward rate from zero yield.

Added compound forward and zero coupon implementations.

Added Futures rate helper with specified maturity date.

Added bucketed bps calculation.

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

e Abstracted lazy object.

o Abstracted the curiously recurring template pattern.
DATE AND CALENDARS

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

e "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.

o Added basic date generation starting from the end.
MATH

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

e 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.
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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 algorithm(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.
Added test suite.

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

Exercise class adopted.

Added user configuration section.

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

Added strikeSensitivity to the Greeks.

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

TimeGrid has been reworked.

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

Upgraded to use Doxygen 1.3.

Release 0.3.1 - February 4th, 2003
FINITE DIFFERENCE FRAMEWORK
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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

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
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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

o 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

e yield curves can be spreaded in term of zeros (ZeroSpreaded TermStructure) and forwards
(ForwardSpreadedTermStructure)

e Added dates() and times() to PiecewiseFlatForward

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

e cap/floor and swaption calibration helpers

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

o cap/floor and swaption tree pricer

e cap/floor analytical pricer

vanilla swaption Jamshidian pricer

Added accrued Amount() to coupons

Made cash flow vector builders into functions

OPTIMIZATION FRAMEWORK
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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 == 0
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
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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

Added BPS to generic swap legs

added term_structure+swap example

Fixing days introduced for floating-coupon bond

PATTERNS

Added factory pattern

Calendar and DayCounter now use the Strategy pattern

VARIOUS

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

now using size_t where appropriate

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

Worked around VC++ problems in History constructor

added QL_VERSION and QL_HEX_VERSION

generic bug fixes

removed classes deprecated in 0.2.0
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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

- gecc 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
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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 "ql/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.)

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_-
id=12740);

e as well as links to additional quantitative finance resources.
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1.10 The QuantLib Group

1.10.1 Authors

The QuantLib Group members are:

e Ferdinando Ametrano, Monte Paschi Asset Management sgr, administrator
o Luigi Ballabio, StatPro Italia srl, administrator

e Mario Aleppo, StatPro Italia srl

o Nicolas Di Césaré

e Dirk Eddelbuettel

o Neil Firth, Mathematical Institute, University of Oxford
e André Louw, Decillion Pty

e Marco Marchioro, StatPro Italia srl

e Sadruddin Rejeb

o Niels Elken Senderby

e Enrico Sirola, StatPro Italia srl

e Liguo Song

QuantLib also includes code taken from Peter Jiackel’s book "Monte Carlo Methods in Finance".

1.10.2 Contributors

We gratefully acknowledge contributions from Xavier Abulker, Toyin Akin, James Battle, Christo-
pher Baus, Thomas Becker, Adolfo Benin, David Binderman, Jon Davidson, Daniele De Francesco,
Matteo Gallivanoni, Roman Gitlin, Tomoya Kawanishi, Gilbert Peffer, Walter Penschke, Gianni
Piolanti, Peter Schmitteckert, Maxim Sokolov, David Schwartz, Joseph Wang, Bernd Johannes
Wuebben, and Jeff Yu.
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1.11 QuantLib License

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

e Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

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

o 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 CON-
TRIBUTORS BE LTIABLE 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 . . . . . . . . e 77
Currenciesand FXrates . . . . . . . . . . . . e 79
Date and time calculations . . . . . . . . . . . . ... ... 80
Calendars. . . . . . . . . e e 83
Daycounters . . . . . ... ... .. e 85
Pricingengines . . .. ... ... ... ... 86
Asianoptionengines . . . .. .. ... L L 87
Barrier optionengines . . . . ... ... L Lo 88
Basketoptionengines . . . . . ... ... ... L Lo 89
Cap/floorengines . . . .. .. ... .. .. ... 90
Cliquetoptionengines . . . . ... ... ... .. ... ... .. 91
Forward optionengines . . ... ... ... .. ... ... .. ... ... ... ..., 92
Quantooptionengines . . . . ... ... . L 93
Swaptionengines . . . . ... ... 94
Vanillaoptionengines . . ... ...... ... ... ... .. o 95
Finite-differences framework . . . ... ... ... . 97
Short-rate modelling framework . . . ... ... ... .. ... .o L L oL 103
Financial instruments . . . . . . . . . . . e e e 106
Latticemethods . . . . . . . . . . . e 109
Math tools . . . . . . . e e e e e e 112
Monte Carlo framework . . . . . . . . . . .. e 114
Designpatterns . . . . . ... ... 120
Term structures . . . . . . . . .. e e e e e e e e e e e 121
Utilities . . . . . . o e e e e 123
QuantLibmacros . . . . . . . . . e e e e 125
GeNeriC MACIOS . . v v v v e e v e e e e e e e e e e e e e e e e e e e 126
Math functions . . . . . . . . . . . e e e e 127
Numeric limits . . . . . . . . . . e e e 130
Time functions . . . . . . . . . . . e e e 131
Character functions . . . . . . . . . . . . . . e 133
Minand max functions . . . . . . . . . ... e e 134

Template capabilities . . . .. ... ... ... .. L 135
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Iterator support . . . . ... ... 136
Debugging macros . . . . .. .. ... ... 138

Output manipulators . . . . .. ... ... L 137
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Chapter 3

QuantLib Hierarchical Index

3.1 QuantLib Class Hierarchy

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

AcyclicVisitor . . . . ... 144
BPSBasketCalculator . . . . ... ... ... 231
BPSCalculator . . . . . ... .. .. 232

AmericanPayoffAtExpiry . . . . . .. ... L 151

AmericanPayoffAtHit. . . . . . ... . L 152

Arguments . . . . ... 162
CapFloor:zarguments . . . . . . ... ... ... 255
Optionzarguments . . . . . . ... . L 661

MultiAssetOption:arguments . . . . . ... ... ... ... oL 618
BasketOption:arguments . . . .. ... ... ... ... .. ... .. 183
OneAssetOption:arguments . . . . . . ... ... ... . L o o 648
Swaption:arguments . . . . ... Lo L 777
SimpleSwap:uarguments . . . ... ... L 739
Swaption:arguments . . .. ... L L L 777

ATray ..o 164

ArrayFormatter . . . . . .. .. .. 166

Average . . . . ... 172

BackwardFlat . . ... ... ... 173

Barrier . . . ... 176

BarrierOption:arguments . . . . . ... ... ... L L L 179

Bicubic . . . . ... 190

Bilinear . . . . . . . .. 192

BinomialDistribution . . . . . .. ... . L L 194

BivariateCumulativeNormalDistribution . . . ... ... ... ... .. ... ... ..., 198

BlackFormula . . ... ... .. .. 203

BlackKarasinski:Dynamics . . ... ... ... .. ... L L o 205

BoundaryCondition . . . . . ... ... .. 227

BoundaryCondition< TridiagonalOperator > . . . . . ... ..... ... ... ...... 227
DirichletBC . . . . . . . . e 331
NeumannBC . . . . . . ... 626

BoxMullerGaussianRng . . . . . ... ... L 230

Bridge . . . . . . .. 235
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Bridge< Calendar, CalendarImpl > . . . . . ... ... ... .. ... ... .. .. .. ... 235
Calendar . .. ... ... .. ... 244
Beijing . . ... ... 187
Bratislava . . . . . ... . 233
Budapest . . . . . ... 240
Copenhagen . . . ... ... ... ... .. ... ... 293
Germany . . .. ... ... 461
Helsinki. . . . . . . .. 468
HongKong . . . .. ... ... ... .. . 475
Italy . . . . o 526
Johannesburg . . . ... .. ... .. o 532
JointCalendar . . . . . . . . .. .. e 533
NullCalendar . ... ... ... .. .. .. .. .. e 636
Oslo . . .. e 665
Prague . .. .. ... .. .. e 686
Riyadh . . ... .. . 710
Seoul . .. ... .. 722
Singapore. . . . .. ... ... 743
Stockholm . . ... ... .. ... 765
Sydney . . .. . ... 782
Taiwan . . ... 784
TARGET . . . . . 785
Tokyo . . . . . 796
Toronto . . . . . .. e 798
UnitedKingdom . . . . . ... ... ... ... 817
UnitedStates . . . . .. .. ... .. .. 819
Warsaw . . . . . .. e 835
Wellington . . . .. ... ... .. 837
Zurich. . ... e 852
Bridge< Constraint, Constraintlmpl > . . . . . ... ... ... ... ... .. .. .. ... 235
Constraint . . .. ... ... .. .. 286
BoundaryConstraint . . . ... ... ... .. . ... 229
CompositeConstraint . . . ... ... .. ... ... . o 279
NoConstraint . . . .. ... ... . . 630
PositiveConstraint . . . . . ... ... .. ... .. 685
Bridge< DayCounter, DayCounterImpl > . . . . ... ... .. ... ... .. ..... 235
DayCounter . . .. ... ... . .. . .. 323
Actual360 . . . . . . ... 141
Actual365Fixed . . .. ... ... 142
ActualActual . . . .. ... 143
OneDayCounter . . . . . ... ... ... .. . e 652
SimpleDayCounter . . . . ... ... ... ... .. ... 735
Thirty360 . . . . . . . . 791
Bridge< Interpolation, InterpolationImpl > . . . . . ... ... ... ... .. .. .. 235
Interpolation . . . . ... ... 513
BackwardFlatInterpolation . . . . . ... ... ... .. . o 174
CubicSpline . . . ... ... .. 305
MonotonicCubicSpline . . . . . ... ... ... ... 611
NaturalCubicSpline . . . . . ... ... ... ... ... ... . ... 624
NaturalMonotonicCubicSpline . . . ... ..................... 625
ForwardFlatInterpolation . . . ... ... .. ... ... ... .. ... .. .. ... 426
LinearInterpolation . . . . . . ... ... ... .. L 555
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LogLinearInterpolation . . . . . ... ... ... .. .. .. .. .. .. .. ... 568
Bridge< Interpolation2D, Interpolation2DImpl > . . . . . ... .. ... ... ... .. .. 235
Interpolation2D . . . . . ... 514
BicubicSpline . . . .. ... .. 191
BilinearInterpolation . . . . ... ... .. ... ... .. L 193
Bridge< Parameter, ParameterImpl > . . . . . . ... ... ..o oo o Lo 235
Parameter . . ... ... . ... ... 666
ConstantParameter . . . . ... ... ... .. ... ... ... .. . 285
NullParameter . . . . . ... ... ... . 638
PiecewiseConstantParameter . . . .. ... .. ... ... .. ............ 676
TermStructureFittingParameter . . . . .. ... ... ... ... ... . ..... 789
ExtendedCoxIngersollRoss::FittingParameter . . . . .. ... ... ....... 382
G2:FittingParameter . . . . . ... ... Lo L oL o 443
HullWhite:FittingParameter . . . . . . ... ... ... ... ... ...... 480
BrownianBridge . . . . . . ... 237
CalendarImpl . . . ... .. .. . 249
Calendar:WesternImpl . . . . . ... ... ... L L 248
CLGaussianRng . . . . . . . . ... e 269
CliquetOption:arguments . . . . . . .. ... .. . . 272
Composite . . . . .. ... . 278
CompoundingRuleFormatter . . . .. ... ... ... ... ... ... .. .. .. ... 283
Constraintlmpl . . . .. ... ... 287
ContinuousAveragingAsianOption:arguments . . . . . .. ... ... ... ... ..... 290
CostFunction . . . . . . ... ... e 294
LeastSquareFunction . . . ... ... ... .. ... ... ... 548
CovarianceDecomposition . . . . .. .. .. ... . L L L L 297
CoxIngersollRoss:Dynamics . . . . ... ........... ... ... ... ...... 300
ExtendedCoxIngersollRoss::Dynamics . . . . ... .................... 381
Cubic . . . . e 304
CumulativeBinomialDistribution . . . . .. ... .. ... ... ... .. ... ... ... 307
CumulativeNormalDistribution . . . . .. .. ... ... .. o o o 308
CumulativePoissonDistribution . . . . .. .. ... ... o o o o 309
CuriouslyRecurringTemplate . . . .. ... ... .. ... ... ... ... ... ... ... 310
SolverlD . . . . . . 752
CuriouslyRecurringTemplate< Bisection > . . . . . . ... ... ... .. ... ... ..., 310
SolverlD< Bisection> . . .. ... ... ... .. ... ... 752
Bisection . . .. ... ... .. 197
CuriouslyRecurringTemplate< Brent > . . . . . . .. ... ... ... ... .. .. . ... 310
SolverlD<Brent > . . .. ... ... ... .. ... 752
Brent . . . . ... 234
CuriouslyRecurringTemplate< FalsePosition> . . . .. .. ... ... ... ... ..., 310
SolverlD< FalsePosition> . . . . ... ... .. ... ... ... ... .. ... . ... . 752
FalsePosition . . . . . . ... ... ... .. 387
CuriouslyRecurringTemplate< Newton > . . . .. ... ... ... ... ... ...... 310
SolverlD<Newton > . . . . . . . ... .. e 752
Newton . . . . . . .. e 627
CuriouslyRecurringTemplate< NewtonSafe > . . . . . ... ... ... ... ... ... 310
SolverlD< NewtonSafe > . . ... ... ... .. ... .. .. ... ... . ... ... . 752
NewtonSafe . . . ... ... ... 628
CuriouslyRecurringTemplate< Ridder > . . . . . . ... ... .. .. .. ... .. ... 310
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SolverlD<Ridder>. . . . .. ... .. .. ... 752
Ridder . . ... .. . . . 709
CuriouslyRecurringTemplate< Secant > . . . . . .. ... ... ... ... .. .. .. ... 310
SolverlD< Secant > . . . . . . . . . 752
Secant . . . . . . 718
Currency . . . . . . ... 311
ARSCUITency . . . . . . . o i 167
ATSCurrency . . . . . . . oo 169
AUDCUITENCY . . . . o vt oo e e e e e e 170
BDTCurrency . . . . .. . .. 185
BEFCUrrency . . . . . . . . oo e 186
BGLCurrency . . . . .. . .. . . 189
BRLCurrency . . . . .. . .. e 236
BYRCurrency . . . . ... .. . . 241
CADCUITENCY . . . . . o o 242
CHFCurrency . . . . . . . . . e 267
CLPCurrency . . . .. ... . i 275
CNYCurrency . . .. ... .. 276
COPCUITeNCY . . . . o o ot 292
CYPCurrency . . . ... . .. 316
CZKCUITENCY . . o o v o i i e e e e e 317
DEMCUITENCY . . o . v v i i i e e e e e 327
DKKCUITENCY . . . . o oot s e e e 350
EEKCurrency . . . . ... .. . i 359
ESPCurrency . . . . . . . . .. e 366
EURCuUrrency . . . . ... .. . i 368
FIMCurrency . . . . . . . . oo i 412
FRECurrency . . . . . . . . .. e 439
GBPCurrency . . . . .. . .. . e 450
GRDCUITENCY . . . . o oo e 464
HKDCurrency . . . .. .. ... .. e 474
HUFCurrency . . .. ... .. ... 476
IEPCurrency . . . . . .. . ..o 481
ILSCurrency . . . . . . . . .. 482
INRCUIrency . . . . . . .o i 497
IQDCurrency . . . . . oo 523
IRRCUITENCY . . . . . o o 524
ISKCurrency . . . . . . . oo e 525
ITLCUrrency . . . . . . . oo e 528
JPYCurrency . . . . . . .. 534
KRWCurrency . . . . . . . .. o e 540
KWDCurrency . . . . . . . .o e 541
LTLCUrrency . . . . . . . . oo 569
LUFCurrency . . . . .. . .. . e 570
LVLCurrency . . . . . . . . .. e 571
MTLCurrency . . . . .. . .. oo 615
MXNCurrency . . . . .. ... .. 623
NLGCurrency . . . ... ... .. 629
NOKCurrency . . . . . . ..o i 631
NPRCuUrrency . . . .. ... i 634
NZDCUITENCY . . . . o o oo e e e 641
PKRCuUrrency . . . . ... .. i e 681
PLNCurrency . . . . .. . .. . i e 683
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PTECurrency . . . . . . . . ... 690
ROLCurrency . . . . .. . .. e 711
SARCUITency . . . . . . . . e 716
SEKCurrency . . . ... ... ... ... 721
SGDCUITeNCY . . . . o o oo 728
SITCUItency . . . . . . o oo 747
SKKCUITeNnCy . . . . . . oo e 749
THBCurrency . . . . ... .. . . e 790
TRLCurrency . . . . . . . . e 810
TIDCurrency . . . . . . . . 811
TWDCurrency . . . . . . . .. . 812
USDCUITency . . . . . . . ..o 824
VEBCUrrency . . . . .. .. .. i 832
ZARCUITENCY . . . . o vt ot 844
CurrencyFormatter . . . .. ... ... ... L 315
Date . . . . . e e e 318
DateFormatter . . . . . . . . . . e e e e e e 322
DayCounterImpl . . . . ... ... . 325
DecimalFormatter . . . . . . . . . . .. e e e 326
Discount . . . . . . . . e e e e e e 332
DiscreteAveragingAsianOption:arguments . . . . . ... .. ... ... . L. 336
DiscretizedAsset . . . . . . . .. e e e 339
DiscretizedDiscountBond . . . . . . . ... ... 342
DiscretizedOption . . . . . .. . ... .. L 343
Disposable . . . . . . . ... 345
DividendVanillaOption:arguments . . . . . . . ... ... ... ... ... .. ... ... 348
EndCriteria . . . . . . . . . . e e 360
Error . . . e e e e e 364
ErrorFunction . . . . . . . . . e e 365
ExchangeRate . . . .. ... .. .. . . . ... 372
Exercise . . . . . . . e e e e e 376
EarlyExercise . . . . . . . . .. . 358
AmericanExercise . . . . . . .. e e 150
BermudanExercise . . . . . . .. .. 188
EuropeanExercise . . . . ... ... . ... 370
Extrapolator . . . . .. ... ... 385
BlackVolTermStructure . . . . . . . . . . . . . e e 220
BlackVarianceTermStructure . . . . . . . . . . . . . . ... 216
BlackVarianceCurve . . . . . . . . . . . e e e 212
BlackVarianceSurface . . . . . . . . . . ... 214
ImpliedVolTermStructure . . . .. ... .......... ... ... ...... 486
BlackVolatilityTermStructure . . . ... ... ... . ... ... ........... 218
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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:
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OptionTypeFormatter (Format option type foroutput) . ... .. ... ... ... ..., 662
OrnsteinUhlenbeckProcess (Ornstein-Uhlenbeck processclass) . . . ... ... .. ... 663
Oslo (Oslocalendar) . . . . . ... . 665
Parameter (Base class for model arguments) . . ... ... .. ..... ... .. ..... 666
ParameterImpl (Base class for model parameter implementation) . . . . ... ... ... 667
ParCoupon (coupon at paron a term structure) . . ... ... .. ... ... ....... 668
Path . . . 670
PathGenerator (Generates random paths using a sequence generator) . . ... ... .. 671
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QuantLib File Index

5.1 QuantLib File List

Here is a list of all documented files with brief descriptions:
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ql/basicdataformatters.hpp (Classes used to format basic types for output) . . . . . . . . 854
ql/calendarhpp (calendarclass ). . . . ... ... . L L L 855
ql/capvolstructures.hpp (Cap/Floor volatility structures) . . . .. ... ... ... ... .. 883
ql/cashflow.hpp (Base class forcashflows ) . .. .. ........... ... .. .. ... 884
ql/currency.hpp (Known currencies ) . . . .. ... ... .. ... ... .. ... 906
ql/date.hpp (Date- and time-related classes, typedefs and enumerations ) . . . . . . . .. 907
ql/daycounterhpp (Day counterclass ) . . . . . ... ... ... ... .. ... .. .. ... 910
ql/discretizedasset.hpp (Discretized assetclasses) . .. ... ... ... ... ... ... 917
ql/errors.hpp (Classes and functions for error handling ). . . . .. ... ... ... ..., 918
ql/exchangerate.hpp (Exchange rate between two currencies) . . ... .. ... ... .. 920
ql/exercise.hpp (Option exercise classes and payoff function) . . . ... ... .. ... .. 921
ql/grid.hpp (Grid classes with useful constructors for trees and finite diffs ) . . . . . . . . 944
gl/handle.hpp (Globally accessible relinkable pointer ) . . . . . . ... ... ... ..... 945
gl/historyhpp (History class) . . . ... .. ... . . . . 946
ql/index.hpp (Purely virtual base class forindexes ) . . ... ... ... ... .. ..... 947
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ql/interestrate.hpp (Instrumentrateclass) . . . . . ... .. .. ... .. .. ... .. ... 985
gl/money.hpp (Cash amountina givencurrency ) . ... ... . ... ... . ... .... 1038
gl/numericalmethod.hpp (Numerical methodclass) . . . .. ... .. ........... 1050
ql/option.hpp (Baseoptionclass) . . .. .. ... ... .. .. .. 1062
ql/payoff.hpp (Option payoffclasses) . . . . ... ... ... .. ... ... .. .. ... 1070
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ql/solverld.hpp (Abstract 1-Dsolverclass) . . ... .. ......... ... .. ..... 1188
ql/stochasticprocess.hpp (Stochastic processes ) . . . .. .. .. ... ... .. .. ... 1196
ql/swaptionvolstructure.hpp (Swaption volatility structure) . . ... ... ... ... .. 1197
ql/termstructure.hpp (Base class for term structures ) . . . . . .. ... ... L. 1198
ql/types.hpp (Custom types) . . ... ... ... ... ... ... 1217

ql/voltermstructure.hpp (Volatility term structures) . . . . ... ... ... ... .. ... 1237
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ql/yieldtermstructure.hpp (Interest-rate term structure ) . . . . . . ... ... ... .. .. 1238
ql/Calendars/beijing.hpp (Beijing calendar ) . . . . ... ......... ... .. ..... 856
ql/Calendars/bratislava.hpp (Bratislava calendar) . .. ... ... ............. 857
ql/Calendars/budapest.hpp (Budapestcalendar) . . ... ... ..... ... .. ..... 858
gl/Calendars/copenhagen.hpp (Copenhagen calendar) . .. ... ............. 859
gl/Calendars/germany.hpp (German calendars) . ... .. ... ... ... ....... 860
gl/Calendars/helsinki.hpp (Helsinki calendar) . ... ... ... ....... ... ... 861
ql/Calendars/hongkong.hpp (Hong Kong calendar) . . .. ... ....... ... ... 862
ql/Calendars/italy.hpp (Italian calendars) . . ... ... ............ .. ..... 863
ql/Calendars/johannesburg.hpp (Johannesburg calendar) . . . .. .. ... .. ... ... 864
gl/Calendars/jointcalendarhpp (Jointcalendar) . . . . . . ... ... ... .. ... ..., 865
gl/Calendars/nullcalendar.hpp (Calendar for reproducing theoretical calculations) . . . 866
ql/Calendars/oslo.hpp (Oslocalendar) . . . . . ... ...... ... ... ... ... 867
ql/Calendars/prague. hpp (Praguecalendar) . . . . . .. ............ .. ..... 868
ql/Calendars/riyadh.hpp (Riyadhcalendar) . . . . ... ............ .. ..... 869
gl/Calendars/seoul.hpp (South Korea calendar). . . . . .. ... ... .. ... ... 870
gl/Calendars/singapore.hpp (Singaporecalendar) . .. ... ... ... ... ... ... 871
ql/Calendars/stockholm.hpp (Stockholm calendar ). . . . .. ... ... ... ... ... 872
ql/Calendars/sydney.hpp (Sydney calendar) . ... ... ........ ... .. .. ... 873
ql/Calendars/taiwan.hpp (Taiwancalendar ) . . . . .. ... .. ... ... .. ..... 874
ql/Calendars/target.hpp (TARGET calendar ) . .. ... ... ...... ... ....... 875
gl/Calendars/tokyo.hpp (Tokyocalendar) . . . .. ... ... ... ... ........ 876
gl/Calendars/toronto.hpp (Torontocalendar) . . . .. ... .. ... .. .. ..... 877
gl/Calendars/unitedkingdom.hpp (UK calendars) . .. ... ... ............. 878
ql/Calendars/unitedstates.hpp (UScalendars) . .. ... ........... .. ..... 879
ql/Calendars/warsaw.hpp (Warsaw calendar ) . . . . . ... .. ..... ... ... ... 880
gl/Calendars/wellington.hpp (Wellington calendar) . . .. ... ... ... ........ 881
ql/Calendars/zurich.hpp (Zurichcalendar) . .. ... ... ... ... .. .. ... ... 882
ql/CashFlows/basispointsensitivity.hpp (Basis point sensitivity calculator) . . . ... .. 885
ql/CashFlows/cashflowvectors.hpp (Cash flow vector builders) . . ... ... ... ... 886
ql/CashFlows/coupon.hpp (Coupon accruing over a fixed period ) . . . .. .. ... ... 888
ql/CashFlows/fixedratecoupon.hpp (Coupon paying a fixed annualrate) . . . . . . . .. 889
ql/CashFlows/floatingratecoupon.hpp (Coupon paying a variablerate) . . . . . . .. .. 890
ql/CashFlows/inarrearindexedcoupon.hpp (In-arrear floating-rate coupon) .. ... .. 891
ql/CashFlows/indexedcashflowvectors.hpp (Indexed cash-flow vector builders ) . . . . . 892
ql/CashFlows/indexedcoupon.hpp (Indexed coupon) . . ... ........ ... .... 893
ql/CashFlows/parcoupon.hpp (Coupon at par on a term structure ) . . .. ... ... .. 894
gl/CashFlows/shortfloatingcoupon.hpp (Short (or long) coupon at par on a term structure )895
ql/CashFlows/shortindexedcoupon.hpp (Short (or long) indexed coupon) . .. ... .. 896
ql/CashFlows/simplecashflow.hpp (Predetermined cashflow) . . . ... ... ... ... 897
ql/CashFlows/timebaskethpp . . .. .. ... ... .. .. .. .. .. .. .. . .. 898
ql/CashFlows/upfrontindexedcoupon.hpp (Up front indexed coupon) .. ... ... .. 899
ql/Currencies/africa.hpp (African currencies ) . . . . .. .. ... ... ... ... .. ... 900
ql/Currencies/america.hpp (American currencies ) . . . .. ... ... ........... 901
ql/Currencies/asia.hpp (Asian currencies ) . . . . . . ... ... ... ... L. 902
ql/Currencies/europe.hpp (European currencies ) . . . . .. .. .. ... ... .. .. ... 903
ql/Currencies/exchangeratemanager.hpp (Exchange-rate repository ) . .. .. ... ... 904
ql/Currencies/oceania.hpp (Oceanian currencies ) . . . . . . .. ... .. ... ....... 905
ql/DayCounters/actual360.hpp (Act/360 day counter) . . . .. ... .. ... ... ... 911
ql/DayCounters/actual365fixed.hpp (Actual/365 (Fixed) day counter ) . . . . . ... ... 912
ql/DayCounters/actualactual.hpp (Act/act day counters) . . ... ... ... ....... 913
ql/DayCounters/one.hpp (1/1daycounter) . .. ... ..... ... .. .. .. ..... 914
ql/DayCounters/simpledaycounter.hpp (Simple day counter for reproducing theoretical

calculations ) . . . . . . ... 915
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ql/FiniteDifferences/americancondition.hpp (American option exercise condition ) 922
ql/FiniteDifferences/boundarycondition.hpp (Boundary conditions for differential oper-

ators ) . . . e e e 923
ql/FiniteDifferences/bsmoperatorhpp (Differential operator for Black-Scholes-Merton
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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

o typedef QL_INTEGER QuantLib::Integer

integer number

o typedef QL_BIG_INTEGER QuantLib::BigInteger

large integer number

e typedef unsigned QL_INTEGER QuantLib::Natural

positive integer

o typedef QL_REAL QuantLib::Real

real number

o typedef Real QuantLib::Decimal

decimal number

o typedef std::size_t QuantLib::Size

size of a container

o typedef Real QuantLib:: Time

continuous quantity with 1-year units

o typedef Real QuantLib::DiscountFactor

discount factor between dates

o typedef Real QuantLib::Rate

interest rates
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o typedef Real QuantLib::Spread

spreads on interest rates

e typedef Real QuantLib::Volatility
volatility
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6.2 Currencies and FX rates

Classes

e class ZARCurrency
South-African rand.

e class CADCurrency

Canadian dollar.

e class USDCurrency
U.S. dollar.

e class JPYCurrency

Japanese yen.

e class CHFCurrency

Swiss franc.

e class EURCurrency

European Euro.

e class GBPCurrency
British pound sterling.

e class DEMCurrency

Deutsche mark.

o class ITLCurrency

Italian lira.

e class AUDCurrency

Australian 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 Period

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

e class Date

Concrete date class.

e class DayCounter

day counter class

Typedefs

o typedef Integer QuantLib::Day

Day number.

o typedef Integer QuantLib::Year

Year number.
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Enumerations

e enum QuantLib::BusinessDayConvention {

QuantLib::Unadjusted, QuantLib::Preceding, QuantLib:ModifiedPreceding, Quant-
Lib::Following,

QuantLib::ModifiedFollowing, QuantLib::MonthEndReference }

Business Day conventions.

e enum QuantLib::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 QuantLib::Month {

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

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

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 QuantLib:IMMMonth {H=3,M=6,U=9,Z=12}
Main cycle of the International Money Market (a.k.a. IMM) Months.

e enum QuantLib::Frequency {

QuantLib::NoFrequency = -1, QuantLib::Once = 0, QuantLib:Annual = 1, Quant-
Lib::Semiannual = 2,

QuantLib::EveryFourthMonth = 3, QuantLib::Quarterly = 4, QuantLib::Bimonthly = 6,
QuantLib::Monthly = 12 }

Frequency of events.

e enum QuantLib:: 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.

Enumeration values:
Unadjusted Do not adjust.
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Preceding Choose the first business day before the given holiday.

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.

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.

MonthEndReference Choose the firstbusiness day after the given holiday, if the original date
falls on last business day of month result reverts to first business day before month-end

Examples:
BermudanSwaption.cpp, and swapvaluation.cpp.

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.

Enumeration values:
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

Examples:
BermudanSwaption.cpp, and swapvaluation.cpp.
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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 Beijing

Beijing calendar

e class Bratislava

Bratislava calendar

e class Budapest

Budapest calendar

e class Copenhagen

Copenhagen calendar

e class Germany

German calendars.

e class Helsinki

Helsinki calendar

e class HongKong
Hong Kong calendar.

e class Italy

Italian calendars.

e class Johannesburg

Johannesburg calendar

e class JointCalendar

Joint calendar.

e class NullCalendar

Calendar for reproducing theoretical calculations.

e class Oslo

Oslo calendar

e class Prague

Prague calendar
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class Riyadh
Riyadh calendar

class Seoul

Seoul calendar

class Singapore

Singapore calendar

class Stockholm

Stockholm calendar

class Sydney
Sydney calendar (New South Wales, Australia)

class Taiwan

Taiwan calendar

class TARGET
TARGET calendar

class Tokyo
Tokyo calendar

class Toronto

Toronto calendar

class UnitedKingdom
United Kingdom calendars.

class UnitedStates

United States calendars.

class Warsaw

Warsaw calendar

class Wellington

Wellington calendar

class Zurich

Zurich calendar
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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 OneDayCounter

1/1 day count convention

e class SimpleDayCounter

Simple day counter for reproducing theoretical calculations.

e 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

o 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 TreeCapFloorEngine

Numerical lattice engine for capjfloors.
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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.
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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 TreeSwaptionEngine

Num