Getting Started with QuantLib by Vasily Nekrasov

Preface

Currently there are many boskon quantitative financdor graduate studentsMost of themare pretty
similar andrepeat the same stuff onisk-neutral valuation (Blackcholes model, rarbitrage, Itocalculus,
martingale measure, etc)There are alscenough books onnumerical finance. Thesebooks are more
individual, some concentrate on theoretical aspects (convergence, computationatrtfiyi somdocus on
programming aspects and on C++ in particular.

This book is differentirst of all it is witten with practice in mindbitter experience clearly tells us that a
working quant not necessarilyneeds to understand all mathematical nuances but must be able to
provide a proper final result and do it fast. The main goal of this book is to teach you this. Another
important goal is tagive you some hanrdn experience wittbig software projects like QuantLib. To mysbe
knowledge, thereis no such other book. Additionally, you will also get familiar with version control,
doxygen, unit testand so onFormally this stuff is not a programming (and thus rarely taught in lectures on
programming) but every software engineer needs it in gt

| deliberatelydecidedto stick to Windows and Visual Studio and not to discuss programming under Linux
and EclipseThese areémportant issues but the quants usually develop under Windowasd porting to
Linux(if necessary) is usually assigrted'pure IT" staff. Moreover, Microsoft has recently liberalizede
distribution policy and everyone can get Visual Stu@mmmunity Edition free of char§eAdditionally,
students may download VS Professional for free (note that Community and Professiditals seem to be
essentially the same)nterestingly, QuantLib was fidlly Windowsonly project and porting to Linux was
one of the first community contributioh

Since | am most experienced as fixed income quant, we will mostly concentratesgmective instruments
and interest rate modelsThis is not due to my personal caprice but rather due to the fact that virtually all
financial (and manyon-financial) institutions havénterest rate swap[tion]s in their portfoliogvioreover,
starting wth even simplest stock models (that imply stochastic processes) may be hard and startitigewith
calculation of a bond yield shall be easy (however, a®easy as you might believelnterestingly, the
fathers of QuantLib got started at the interest ratesk.

Writing this book | tried to keep the prerequisites as moderate as posdibEsume the basic knowledge of
C++ and object oriented programming (the latter is very briefly reviewed). If you do not possess this stuff,
you should firstread e.g. "C++ from the Ground Up" by Herbert Schidit.the other and | do not assume

any knowledge of design patterns. Those that are relevant for QuantLib, will be discussed in detail.

As to stochastic finance, as long asdealwith date and bond arithmetic, you do not needlit. the sense

of 80c20 Pareto ruléin may be clever for a "pure programmer" to learn only this relatively easy stuff in
order to increase the chances to get a job in a bank or corporate treaSarynoreadvanced topics some

lThough it never hurts andften is still useful.

2 Probably, the knowledge of this stuff (or lack of it) distinguish@sogrammer from a code monkey.

3 Likely because their soions are often integrated iExcel

4 http://www.visualstudio.com/enrus/news/vs2013communityvs.aspx

® http://www.moneyscience.com/pg/blog/Admin/read/464541/opesourcefinance 1-quantlib-anvinterview-with-
luigi-ballabio

®ibid

! http://en.wikipedia.org/wiki/Pareto_principle
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knowledge of stochastic finance is requirddeally, you should first read both volumes of "Stochastic
Calculus for Finance" by Steven Shreve and tiehitrage Theory in Continuous Tifley Tomas Bjorkif

you want to quickly getgur hands dirty, read "Financial Calculus: An Introduction to Derivative Pricing" by
Baxter and Rennie. This book omits many details but provides a sufficient overview for lazybones. And
those, who want to dig deeply and dwell on details should have a ioky LIBOR market model tutorial in
AppendixB.

Finally, it is worthtelling how Igot started with programming andith QuantLib.Well, my first experience
waswith Basic on KOPBET (Russidnit @omputer) in the age of 12. Then | learnt Turbo Pagn&ak86 in

school and Z80 assembler on ZX Spectrum. In 1997 my family could to the first time afford a "serious"
computer (it was P166 MMX). By that timbe Internet came to Russia and | quickly learnt web
programmingby myself(at first Perlthen PHP) ath (being a student) | moonlighted as a web developer. In
1999 |got started with Java... which turred out to be pretty hard. Object oriented programming was
something radically new. Additionally, | encountered event driven model, multithreading and sthen.
literature was scarce by that time and the mostfadely availableutorials were obsolete andconsidered

Java 1.0whereas | got started with Java hdd then Java 1.2.

As a result, | was able to write simple applets but it took a couple ofsyesfiore Ireally understood the

OOPI also read a couple of books on C++ but did not really us@édtet. | graduate from the university in

2002 | worked as web developeitl | moved to Germany in 2005 to make my Master of financial
engineering.University programs in Germany are usually very theoretic and mine was no exception. So |
dwelt upon theory (including fine measutbeoretic aspects), which | do not regrghce if you miss it in the
university, you will hardly get a chance to catch gut since | got few computational tasks, the
programming was neglected. Only as | started with my master thesis | revived my programming skills
because both theoretical and numerical results were requiidthat time | heard abouQuantLib(version

0.8.0. | attempted several time to build it from sources and finally got it. However, the installatitimeof
boost binaries was only partially successful #melunittest suite did not workAnalogously to my Java case,

| encountered too many new stuff withu@ntLib: boost libraries, design pattermate arithmetic... but now

| was very short of time and tlsypostponed it for a while.

After completing my thesis | got a job as qudst/eloper.l recalled and complemented n@++ knowledge.

My main duty waghe maintenance andenhancement of aalculation enging"Rechenkern" in German)

This enginevas primarily developed to calculate @ and mortgages but it also hadme functions to

price derivatives. So | used QuantLib to chibekcalculation results frorthis Rechenkern. | must note that

by tha time | did not deeply understabQuantLib. | merely looked how it is done in unit tests then often
just put my values and got the result. The situation changed as Dimitri Reiswich's excellent tutorials were
published online.They gave me a holistic view of QuantLib.

Later | changed to the German Finance Agency and used QuantLib for model risk validation. | also wanted to
implement the HPSn model in Quanti,ilwhich was developed by my front office colleagues. Hae

there was little interest to my initiative, so | just implemented a very alpha version that was really not worth
checkingin to QuantLib repository.

Now, as you know my QuantLib experience, you will likely understand why | agoingtto teach you dw

to contribute to QuantLib. This is a purpose of Luigi Ballabio's ban#l he definitely can achieve it better

than me. | am going to teach you to use the already available QuantLib fualdiqmvhich is really huge)

and how to write [quick and dirty] extensions that solxeur problems

& http://www.yetanotherquant.com/QuantLib/ImplementingHPS/
o http://implementingquantlib.blogspot.de/p/thebook.html
2



Chapter 1: Building QuantLib and setting up developer toolbox

Building QuantLib is not an easy tasks. | know enough quants that gave up QuantLib because they failed to
[quicdy] compile it from sources.Thus let us discuss the installatioprocess in detail.

First of all you need to instaMlisual Studio. By the time | wethis book thecurrent version wa¥S2013. |

highly recommend you to install a community edition, whiak | have already said, is free. VS Express will
also do but it does not support pltigs like Visual Assist (see below).

As the next steyou need to build boost librées. These libraries areohe of the most highly regarded and
expertly designed CHibrary projects in the world*° To build them do the following:

1. Download the source code from www.boost.org. Current version is 1.8hpack to G:
Start Visual Studio, go to TOOkY isuaBtudio Command Prompt (Figurelp
Change directory t&€\boost_1 57_Btools\build
Run bootstrap.bat (this will build b2.exe)
Copy b2.exe t€\boost_1 57 _@and run it there (Figure.Q)
Drink coffee (if you use older version of Visual Studio or boost, you might also have a lunch)
Note that boost evolves quickind the buildtools also do. A couple of years ago bjam.exe was tcsbd u
but currently it is replacewith b2.exe. That's why always have a look at
http://www.nuclearphynance.com/Show%?20Post.aspx?PostIDKey=152032
In this thread | will provide the currergetup instructiors for boost.

ogkhwnN

Now we may build QuantLib. Current version is 1.4.1, which supports VS2012 but not VS2013. Fortunately, it
is not a problem, just open QuantLib_vclil.sin in VS2013 and it will automaticallgrcahv(Figure 03).

Most likely, VS2013 will be officiallymported when this book gets published.

As the next step you need to set up the boost path. In Solution Explorer select all projects,

select Properties-> Configuration Properties> VC++ Diories and add G&boost 1 57 0 to

Include Directories and YBioost 1 57 Bstagalib to Library Directories (Figure.4). Press F7 to build
solution (you may again go drink coffee).

In principle, we can already start with QuantLib but from practical tpofirview we are not yet done with
toolbox setup First of all | highly recommend yoa install the Visual Asstéta Visual Studio pldg, which
greatly enhances itRunctionality. It allows you to quickly switch between header (.hpp) and .cpp files (ho
may Microsoft have missed this feature?!), flexibly search for files in your prioyekéywordsFigure 1.5)
find all references to a variable and much madvisual Assist is not cheap but there are discounts for private
users and students. But if yaare a really poor studentyou may alternatively install VSAIdAt least it
allows a quick switch between .hpp and .cpp, which is really indispensibte. that neither Visual Assist
nor VSAid work with Visual Studio Express.

Further you should insall aversion controlsystem.l am a big fan of Subversion (aka S\QyJantLib itself
used SVN before migrating to GHowever, Gitmay mostly be advantageous for big "geographically
dissipated" teams. For a "or@-two developers team” SVN should be fine.

“Herb Sutter and Andrei Alexandrescu, C++ Cosliagdards

'such straightforwat conversion was not always the case. For example, as one wanted to convert QuantLib 1.2.1
from VS2010 to VS2012 a quick and dirty trick was to remeoe "unknown Microsoft compilerivith define
QL_LIB_TOOLSET "vcli@@: \sandbox \QuantLib -1.2.1 \gl\auto_link.hpp.

12 http:/www.wholetomato.com/features/default.asp

13 http://www.brocksoft.co.uk/vsaid.php
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Unfortunately, | cannot teach you version control in detBilt there are enough tutorials in Interndtjust
briefly tell you that a proper version control allows you to track the chang@®spare versionsyollback to
previous version if the current version is erroneous and much mdceserious software prog can do
without version controf’. Writing this book | also use SVN: initially a version control was applicable to text
files only, but now it can be used for MS Word documents as figli(e0.6) and even fothe graphic data!

The easiest way to instaBVN is to download respective stack from bitrfaniihis is a serveside part,
which by default will be available undettp://localhost/subversion/

“Well, I know a bank, whose quants were advanced enough to use QuantLib liith@o version control due to
highly bueaucratic IT policy by this bank.
15 https://bitnami.com/stack/subversion



Additionally, you need an SVN client, | highly recommend Tortois3#4ou are confused, well, you may
also work without a version control. But | highly recommend you to learn itwibmeed it if you aregoing
to program professionally!

B C:\Windows\system32ycmd.exe |£|éj

C DS progran files.txﬂﬁ)\micrusuft vizual studio 12.8svwexbinled G:sboost_1_5%7_Bto
olssbuild™

m

C:vbhoost_1_57_B@~toolssbuild>*hootstrap.bat
Bootstrapping the build engine

Bootstrapping is done. To build, »un:
-sh2 —prefix=DIR install
C:vhoost_1_57_BtoolssbuildXcopy h2.exe ..%..%h2_.exe
1 filets? copied.
C=~boost_1_ 57 _B~tools build>cd ..~..

C:xhoost_1_57_@A>bh2 . exe

Figure0.2 Building mostlibrariesfrom command line

16 http://tortoisesvn.net
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4. Run bootstrap.bat (this will build b2.exe)

5. Copy b2.exe to C:\boost_1_57_0and run it there (Figure 1.2}

6. Drink coffee (if you use older version of Visual Studio or boost, you might

also have a lunch)

Mote that boost evolves quickly and the build-tools also do. A couple of years ago
bjam.exe was to be used but currently it is replaces with b2.exe. That's why
always have a look at http://www.nuclearphynance.com/Show%20Post.aspx?
PostiDKey=152032
In this thread I will provide the current setup instruction for boost.

Now we may build QuantLib. Current version s 1.4.1, which supports V52012 but
not VS2013. Fortunately, it is not a problem, just open Quantlib_vcll.sln in
V52013 and it will automatically convert it** (Figure 1.3). Most likely, V52013 will be
officially supported when this book gets published.

As the next step you need to set up the boost path. In Solution Explorer select all
projects,

select Properties -» Configuration Properties -> VC++ Directories and add
C:\boost_1_57_0 to
Include Directories and C:\boost_1_57_0\stage\lib to Library Directaries (Figure
1.4). Press F7 to build solution (you may again go drink coffee).

In principle, we can already start with QuantLib but from practical point of view
we are not yet done with toolbox setup. First of all I highly recommend you to
install the Visual Assist’?, a Visual Studio plug-in, which greatly enhances its
functionality. It allows you to quickly switch between header (.hpp) and .cpp files
(how may Microsoft have missed this feature?!), flexibly search for files in your
project by keywords (Figure 1.5), find all references to a variable and much more.
Visual Assist is not cheap but there are discounts for private users and students.

Geloscht Comparison || Butif you are areally poor student you may alternatively install VSAId®, At least it
allows a quick switch between .hpp and .cpp, which is really indispensible. Note
| that neither Visual Assist nor VSAid work with Visual Studio Express.
{ohne)
e
| Further you should install a version control system. | am a big fan of Subversion
(ohne) (aka SWN). QuantLib itself used SVN before migrating to Git. However, Git may
‘ mostly be advantageous for big "geographically dissipated” teams. For a "one-or-
two developers team"” SVN should be fine.
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Unfortunately, | cannot teach you version control in details. But there are enough
tutorials in Internet. | just briefly tell you that a proper version control allows you
to track the changes, rollback to previous version if the current version is
erroneous and much more. Mo serious software project can do without version
control*. Writing this book I also use SWN.
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4. Run bootstrap.bat (this will build b2.exe)

5. Copy b2.exe to C:\boost_1_57_0and runit
there (Figure 1.2}

6. Drink coffee (if you use older version of
Visual Studio or boost, you might also have a
lunch)

Note that boost evolves quickly and the build-tools
also do. A couple of years ago bjam.exe was to be
used but currently it is replaces with b2.exe. That's
why always have a look at
http://www.nuclearphynance.com/Show%
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In this thread | will provide the current setup
instruction for boost.

Now we may build Quantlib. Current version is
1.4.1, which supports V52012 but not VS2013.
Fortunately, it is not a problem, just open
Quantlib_vcll.sln in W52013 and it will automatically
convert it** (Figure 1.3). Most likely, V52013 will be
officially supported when this book gets published.
As the next step you need to set up the boost path.
In Solution Explorer select all projects,

select Properties -> Configuration Properties -»
VC++ Directories and add C:\boost_1_57_0 to
Include Directories and C:\boost_1_57_0\stage\lib
to Library Directories (Figure 1.4). Press F7 to build
solution (you may again go drink coffee).

In principle, we can already start with QuantLib but
from practical point of view we are not yet done
with toolbox setup. First of all I highly recommend
you to install the Visual Assist*?, a Visual Studio plug-
in, which greatly enhances its functionality. It allows
you to quickly switch between header (.hpp) and
.cpp files (how may Microsoft have missed this
feature?!), flexibly search for files in your project by
keywords (Figure 1.5), find all references to a
variable and much more. Visual Assist is not cheap
but there are discounts for private users and
students. But if you are a really poor student you
may alternatively install VSAid'®. At least it allows a
quick switch between .hpp and .cpp, which is really
indispensible. Note that neither Visual Assist nor
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| Figure0.6 SVN and MS Word: comparing two versions of this book \
Last but not least we install the Doxydén"Doxygenis de facto the standard tool for generating
documentation from annotated C++ sources|it] is very useful toquickly find your way in large source
distributions Doxygen can also visualize the relations between the various elements by meactidé
dependency graphs, inheritance diagrams,danollaboration diagramsall of them are generated
automatically .
As | started my career aqquant developer, | had to maintain a big library like QuantLib. Though | previously
had some experience withig projects, all of thenwere websites with a straightforward business logic,
directly visible in a browser. Now it was not the case anymorgufately, the library had a ¢h suite of
unittests (Quantlib also hasyo as | applied Doxygen to the saummde, it extracted a lot of information.
The most important were likely the inheritance and call/caller grapksus, for example, have a look at the
implementation ofthe Black76 model in QuantLikDoxygen has generated the following inheritancal
and callemgrapts:

QuantLib::BlackCalculator
# strike_

QuantLib::BlackCalculator
::value

# forward_
# stdDev_
# discount__
# variance_

QuantLib::BlackCalculator
::elasticity

QuantLib::BlackCalculator

#d1_ .
#do” ::delta

# alpha_

# beta_

# DalphaDd1_
and 8 more...

QuantLib::BlackScholesCalculator
r:elasticity

+ BlackCalculator()
+ BlackCalculator()
+ ~BlackCalculator()

QuantLib::AnalyticEuropean
Engine::calculate

QuantLib::JumpDiffusionEngine
::calculate

+ value()
+ deltaForward()
w delta() QuantLib::BlackCalculator QuantLib::BaroneAdesiWhaley
+ elasticityForward() ::elasticity ApproximationEngine::calculate
+ elasticity()
+ gammaForward() —
+ gamma() Quantl__lb..B]erksundS“tensland
ApproximationEngine::calculate
and 10 more...
# initialize()
QuantLib::JuQuadraticApproximation
Engine::calculate
QuantLib::BlackScholesCalculator
# spot_
# growth_

+ BlackScholesCalculator()
+ BlackScholesCalculator()
+ ~BlackScholesCalculator()
+ delta()

+ elasticity()

+ gamma()

+ theta()

+ thetaPerDay()

Figure 07 Inheritance graph for the clagackCalculatoand call/caller graphs fahe method elasticity

From the inheritance graph we see that the claBackScholesCalculatanherits from the class
BlackCalculator In particular, it means that if we modify the BlackCalculator, this will likely affect the
BlackScholesCalculatdzall/caller graphs for the methoelasticitytells us whee this method is called and

o http://www.stack.nl/~dimitri/doxygen/



which methods it calls. It may be very useful for debumggand we are aare, which mettods can be
affected if we change something @éhasticity.

Doxygen has a builb graph generator but if you want to have them generated nicely, you need to install
the GraphviZ. It is also recommended to install Lat&Xoxgen understands LaTeX commands and they
are to be found in QuantLib sources.

You should also tune the Doxygen settings in such a way that it generates full papimsLib developers,
themselves, use Doxygen to generate official QuantLib HTML docurment&br the visibility's sake they

limit the number of nodes in graphs. However, such visibility may be deceptive, for example, the inheritance
graph forthe Vasicek model from the official documentatioeither tells us that Vasicek belongs to the
realm of calibrated modef§ nor shows the members and functions of the clas#esobvious shortcoming

of the complete graphs is that they can get illegilBeit a4K monitof* can at least partially mitigate this
problem.

Ok, we are (almost) done with technical setup, let us run some QuantLib &sd@n projecBondsas
StartUp project, set a breakpoint at line 240 in Bonds.cpp and start debugging (F5).

OpenBonds.cpppress Ctrl €5 to and enter 240 in order to jump tbe line 240

F VS Tif

The variable representationin debugger window is not very cledn particular, todaysDate is represented
as{serialNumber_=3970&nd the representation of all shared pointdyeost::shared_ptr<Tgsoon we will
discuss them inetail) is hardly legibleWe lay aside the former for a while but can quickly fix the latter. Just
install theNatvis visualizer for boost by Arkady Shapkin from
https://visualstudiogallery.msdn.microsoft.com/61f12eba624b2cb02ed66014688c2e

run the sme code again and compare the repentation in debugger (Figure9).

Natvis lets you customize the representation of C++ types in the debugger. It is a relatively new tech
which was introduced in VS2012. Before one overwrote the data representain autoexp.dat (no
supported anymore from VS2012). Aguant developer you probably should not dwell upon this techn
details too much. But it is obviously worth being aware of this technology and installing-teadg
visualizers, if available

F VS TiE

18 http://www.graphviz.org
9 http://miktex.org
“which means that QuantLibts us fit the model parameters tthe current term structure ana setof traded
instruments like swaptioner caps.
L 4K monitors have 3840 x 2160 pixels.
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QuantLib::Observer

OneFactoriModel AffineModel QuantLib::Observable

- observables_ ~observers_

+ Observable()
+ Observable()
+ operator=()
+ ~Observable()
. : + notifyObservers()
+ unregisterWith() _ reqi
+ unregisterWithAll() registerObserver()

OneFactorAffineModel + update() - unregistXObservero

QuantLib::CalibratedModel

+ Observer()

+ Observer()

+ operator=()

+ ~Observer()
+ registerWith()

# arguments_
# constraint_

“JFH_E i{} Ek # shortRateEndCriteria_
‘I + CalibratedModel()

+ update()

+ calibrate()

+ value()

+ constraint()
+ endCriteria()
+ params()

: + setParams|
HullWhite # generateArguments()

QuantLib::AffineModel

QuantLib::ShortRateModel

+ discount()

+ ShortRateModel() + discountBond()

+ tree() + discountBondOption()
+ discountBondOption()

QuantLib::0neFactorModel QuantLib::TermStructureConsistent

Model

+ OneFactorModel() - termStructure_

+ ~OneFactorModel() + TermStructureConsistentModel()

+ termStructure()

+ dynamics()

+ tree()
QuantLib::OneFactorAffine
Model

+ OneFactorAffineModel()
+ discountBond()

+ discountBond()

+ discount()

QuantLib::Vasicek

#r0_

#a_

#b_

# sigma_
# lambda_

+ Vasicek()
+ discountBondOption()
+ dynamics()

QuantLib::HullWhite

- phi_

+ HullWhite()

+ tree()

+ dynamics()

+ discountBondOption()
+ discountBondOption()
+ convexityBias()

+ FixedReversion()

# generateArguments()
#A()

Figure 08 Inheritance graphs for Vasicek model: official documentation vs. full graph
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// deposits

boost::shared_ptr<Quote> dlwRate(new SimpleQuote(dlwluote));
(=] boost::shared_ptr<Quote> dilmRate(new SimpleQuote(dimQuote));
boost::shared_ptr<Quote> d3mRate(new SimpleQuote(d3mQuote));
boost::shared_ptr<Quote> demRate(new SimpleQuote(demQuote));
boost::shared_ptr<Quote> domRate(new SimpleQuote(dImQuote));
boost::shared_ptr<Quote> dlyRate(new SimpleQuote(dlyQuote));
// swaps

boost::shared_ptr<Quote> sZyRate(new SimpleQuote(s2yQuote));
boost::shared_ptr<Quote> s3yRate(new SimpleQuote(s3yQuote));
boost::shared_ptr<Quote> sSyRate(new SimpleQuote(sSyQuote));
boost::shared_ptr<Quote> sl@yRate(new SimpleQuote(sléyQuote));
boost::shared_ptr<Quote> s15yRate(new SimpleQuote(s15yQuote));

= JEFEEREERELEERREERELRS

*%¥¥ NATC UCI NCRC ¥%%

Locals
Marme Value Type
@ s2yQuote 0.029499993999999998 double
[ @ d3mRate {px=Oxcccccecc {..) pn={pi_=0xccccocce {use_count_=777 weak_count_: boost:shared_ptr= QuantLib:Qu
pl=] dlyRate {pr=Oxcccccece {.) pn={pi_=0xccccccoe {use_count_=777 weak_count_{ boost::shared_ptr= QuantLib:Qu
@ faceAmount -9.2559631349317831 e+ 061 double
I+ @ bondEngine {px=Oxccccccoc {..) pn={pi_=0xccccccce {use_count_=777 weak_count_: boost:shared_ptr= QuantLib:Pric
I @ separator <Error reading characters of string.> Q, = stdubasic_string < char,std::char_t

| lZ) todaysDate {zerialMumber_=39706 } QuantLib::Date -

— Alnn T

Autos JECEIN Threads Modules Watch 1

Call Stack

© Bonds-vclld-mt-gd.exelmain(int _formal, char * * _formal) Line 240
[External Code]
[Frames below may be incorrect and/or missing, no symbols loaded for kernel32.dlI]

(&Rl Breakpoints Output

Locals

Marme Value Type =

PNZ) termStructureDayCounter {impl_=shared_ptr {...} [2 strong refs] [default] }

4 & impl_ shared_ptr{...} [2 strong refs] [default] boost:sk
4 @ [ptr] (D0B2FFEE {...} QuantLit

4 @ [Quantlib:ActualActual:ISDA_Impl] fod QuantLit

I @ QuantLib:DayCounter:Impl 1.} QuantLit

@ _ufptr 0:0060bd34 {Bonds-vell0-mt-gd.exelconst Quantlib:ActualActual:ISDA_Impl:vftabl void =

[ @ [deleter and allocator]

[

Autos NIl Threads Modules Watch 1

boost:di
-

Call Stack
Mame
© Bonds-vcll0-mt-gd.exelmain(int _formal, char** _formal) Line 240 C++
[External Code]

[Frames below may be incorrect and/or missing, no symbols loaded for kernel32.d11]

(&R Cl Y Breakpoints Output

Figure 09 Representation oboost::shared_ptr<Tbefore and after installation of Neis visualizer
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Chapter 2: Recalling object oriented programming and getting started with
date arithmetic

Although this book assumes the basic knowledge of C++ (andd@iswe will at first quickly review its
concepts.My experience shows that the students usually understand the main OOP preioyglelo not

fully realize their advantageand their proper usage. The object oriented programming, as its name implies,
works withobjects In turn, the objects are the instances dassesLet us start with the clad3atethat is
defined in gl/time/datehpp

In order to open date.hpp quickly go to VASSISTOpen File in Solution and type date

r. Open File in Solution [8 0f2214]] | ? &r
File Project Path Modified
*++ date.cpp Quantlib_vcll DA QuantLibBOOKNQL\QuantLib-1.4.1 gl time\date.cpp 12/12/201...
h datehpp Quantlib_vcll D:AQuantLibBOOKNQL\QuantLib-1.4.1 gl time\date.hpp 12/12/201...
++ dategenerationrule.cpp Quantlib_vcll DA QuantLibBOOKNQL\QuantLib-1.4.1 gl time\dategenerationrule.cpp 12/12/201...
h dategenerationrule.hpp Quantlib_vcll D:\QuantLibBOOK\QL\QuantLib-1.4.1gl\time\dategenerationrule.hpp 12/2/7201...
++ dateinterval.cpp QuantLib_vcll DQuantLibBOOKNQL\QuantLib-1.4.1\gMexperimentalh commeodities\dateinte... 12/12/201...
h dateinterval.hpp QuantLib_vcll D QuantLibBOOKNQL\QuantLibk-1.4.1 g experimentalh commodities\dateinte... 12/12/201...
*++ dates.cpp testsuite_vcll DA QuantLibBOOKNQL\QuantLib-1.4.1test-suite\dates.cpp 12/12/201...
h dates.hpp testsuite_well DA QuantLibBOOKNQL\QuantLib-1.4.1\test-suitehdates.hpp 12/12/201...

g | o

[+] Show only files in the current solution Cancel

Figure 1.1 F VS TiE

As every class, Date contafields (a.k.a. attributesor member variablesand methods(the procedures and
functions defined within the class)here is only ondield: serialNumber that contains the number of days
counting from 01.12.1900The understrike at the end die field's name is a coding convention, which lets
usquickly distinguish the class member variables from the local variables in class nf&thods

In accordance witlhe encapsulationthe 1st OOP principlederialNumber is private, which means that
only the methods ofhe Dateclas$® can access this field. There are also some private metfodexample
static void checkSerialNumber(Biginteger serialNumB&ismethod, as its name implieshecks whether a
serial number (which uniguely represents a date) is valid.

Public andprivate methods separate, so to say, the interface and the realizaliothis sensehe private
methods not only say that you are not@ied to call then but first of all they tell youhat youwill never
needto call them!Indeed, you will not nee@dheckSerialNumber(Biginteger serialNumhehen you are
calculating any fiancial instrument. But obviouslyou may need the methodsdayOfMonti(), month(),
year() that are declared public. Moreover, QuantLib core team can change the implementation of
checkSerialNumber(Biginteger serialNumloe@ven rename/replace this method without a fear that it may
damage tke software projects that engagguantLib.

2 probably a better convention would be an understike at the beginning, i.e. "_serialNumber" instead of
"serialNumber_". Then the $ial Studio Debugger would group all member variables together. However, you should
better follow the established convention, especially if you are going to contribute your code to QuantLib.
2 Additionally, the [methods offhe friend classes carBut Datehas no friend classes.
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You may have also noted that some methods are declarestiséis and some not. The latter kato do with
objects whereas the former are defined for the classes as such. For exampieethod call like
Date.weekdag) does not make sense sinBateis a class (and not an object of the cl&sge). Thus trying
to call Date.weekday(pne actually says "tell me the weekday of date" (which date®lf the command
"tell me the weelday of 10.12.1979"is absolutely correct.

On the other hand sme properties oDateare the same foall objects of the class Date. Thus we can deal
with them at the class (hot at the object) level. For example the metmitdate()and maxDate()return
the minimal and maximal dates, which QuantLib can digdsty ae, respectively, 01.01.1901 and
31.12.2199) These are obviously clakvel attributes. On the other hand the method
isEndOfMonth(const Date& @ also declared as static but it is not obvious whether it really lgslda the
class level. Onmayalsohave defined it as nostatic, since it is the property of a concrete date, whether it
is the end of month or notMoreover, | had an occasion to maintain a proprietary library that calculated
loans and the date class in this library had an attribemelOMonth_. The problem was as following: if a
credit starts, say on the 28th of February and the installments are paid monthly, when should the next
installment be paid: on the 28th or on the 31th of March®lactually depended on loan agreemeoitimo

or not). Atfirst glance the introduction of the attributendOfMonth_in the Date class seems ugly and a
better solution would be to introduce something likdtimo_ attribute in the clasd.oan However, there
were so many types of loans and their hierarctwas so complicated that the solution with the
endOfMonth_asDate attribute wasprobably the easiest from thpracticalpoint of view. In other words: a
good software architecture is very importantout in practice there are always traddfs between
archtecture, performance, code brevity and (last but not lmtdgrammersskills and personal preferences

So far let us stop with theory for a while and do something with QuanHiibt of all add a new project
DateToyto the QuantLib Solution. In SoluticgExplorer click on Solution '‘QuantLib_vcid'Add-> New
Project.

Add New Project I (D[S
P Recent NET Framework 4.5 ~ | Sort by: | Default ~| ii° |i=||SearchInstalled Te 2 -

4 Installed ++ o
| h Win32 Console Application I Visual C++ Type: Visual C++

4 Visual C++ A project for creating a Win32 console

ATL ml | MFC Application Visual C++ application
CLR B
]
General Win32 Project Visual C++
MFC
4
Te.st h I Empty Project Visual C++
Win32
]
b Other Languages 0 I Makefile Project Visual C++
I: Other Project Types
b Online
Click here te go online and find ternplates.
Marme: | DateToyi |
Location: D\ QuantLibBOOKNQL\QuantLib-1.4 14Examples', v Browse... |

| ok || Cancl

Figure 1.2Adding new project_to the QuantLib Solution

*1n terms of C++/QuantLiliDate(10,December, 1979)).weekday();
QuantLib::Date(10, QuantLib::December, 19@8antiates the object of the clagdateandweekday(returns the
weekday of 10.12.1979 (it is Monday).
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SelectConsole applicatiormand deactivatePrecomiled headersnd Security DevelopmentLifecycle (SDL)
checkgqFigure 1.3).

' ? N

Win32 Application Wizard - DateToy

g  Application Settings

Overview Application type: Add common header files for:
() Windows application

Application Settings - PPl Clan
(®) Console application [Mrc
[ S 1E

) Static library

s
[
L

Additional options:
[ Empty project

[ Precompiled header

[] security Development Lifecyde (SDL)
checks

) G )

[ 1
Figure 1.3Application settings for the new project

Figure 14 Add reference to QuantLib
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