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1. Notebook with MSViswalStudy
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r'e,f&UQ.n‘LL areas ’
a) CH++
@) Stochastic Akq/y S¢S
c.) Finance (?beh:Umf,;‘,Ue%
Arbitrage —free Prﬂcang.)
al) Numerical A*ng,/ysrls
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Goa ls o-F-Eho_ course '

A "Theoretica | — review
and fom.not your Krow "?-algf
of
1) OOP with C++4

2) Mathematical Fhance

3) stochastic Calculug
4) Numerieal :4ai.(yﬁc's

B: "Practica| — vmprove
Cand test ! ) your ability
to use C++ for finan-



Method of study: E

B * Theoretical ' — discuss
c{zggﬁ_n anol fmpfﬁmﬁlﬁa}_
of o Ct4 [ibrary for
pricing of Aerivatives

( case 5{'1443{= L ﬁr'ar’g_)

p: " Ractica]” — use et
library  for pricing of
Cohcre te ( wite com,ofé-
cated | ) derivatives.
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derivatives
1. By the fpe of wndorly;

Assets Taterest
/ “ \L\) rates

Cornmaa(.c{-g.eg

stocks | fxmates

2 By thadependence on the
his to g
) Standare Fatgo-ff dapends
) on the gurrent va.[we
8) Path ndewt : payoFf
d.zpeuj?eon hi,sfoﬁdc@fuafaq

¢) BParmer: s depen -
c{uce. on 'HU_ ;lcfg/i Fen
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Stamcard option for an assct
American pam-call

# - strike for put option

€ : strike for call aption (€' > #)
(hihisicn - sxercise times

A holder af the aption can exercise it at any time t; by
selling the stock for the strike of put option P or buying
the stock for the strike of call option €. If the halder
will not exercise the optior. them the optian will e pire

éx&rca.sg Put ( ‘Bﬂeee at D)

T continue

Tu:{d.ﬂ ["ﬁ 12 o 'ﬁ‘\{

Exerecse Call ( bug atC)



Stundard option on inleyest rates
AR erican 5wt o
()i cicn - exercise times
Farameters of underlying swap:
N motienal.
R : fixed rate

&t : interval of time between the payments given as vear
fraction.

v o tatal number of payments

side : this parameter defines the side of Lhe swap con
tract, i.e. whether one pays "Ficed ' and receives ' Tloat™
of olherwise
A halder of the option can enter into the underlying

swap agreement at any exercise lime L;  This time will
become after that the issue time of the swap.

Cah"'i,nue.
( | > v '8 !

Tuc[d.j tq = N

enter vn{‘O S\Uﬂp



=

Rarrier oplon for an asset
Dowrn-mvd-cart call

L : lower Barrier

(t:)1<izar  barrier times

K strike

T : maturity (T > Lag).

The payoff of the cptian at maturity equals the payofl
af the standard call option if the spat price was above the
barrier for all barrier Limes £, Otherwise. the payell equals

A Call
%

- - =

b

1 [ ' [ &5 I
Today t, t2 ta ty T

Terme M;&J- @u‘v

10
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Path dependent option on an asset
Comyert it bl
Underlying coupon bond :

N - notignal

R : coupon rale

At ;. interval of time between the payments given as
year fraction,
m : tatal number of coupon payments.

The coupon times of the band equal
ei=to | ibl, 1<i<m.

where ty is the issue time for the bomd AL any
of coupan times the holder af the bond receives the
coupon payment W RS At the last coupon time he
also meceives the notional amaunt V.

er 2 Cf
1\, Iz ' em=T

o N1 31‘: B vveis s
pay ment

11



Messtrablo sorike

K - wmtial sirike.

K - lower bound for the $irike
K : wpper bound %o the steike
[P ] : reset times for Lhe strike

At
L

ko

-

time 7, the value of Uhe strike is eset to

spot price B(r;) of the stock F K < 8in) <

K.

- loweer Boumd for the sirike K if 8w < K.
- wpper bound for the strike 7 il 8(r) = K

e, T

Pa th endancy

12

3
|
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Exercise oplion fur bond holder -
(t,) : emercise times for the band.

At time t; the holder of the bond can convert it 1a
NSK (L) shares of stock, where

1. K({1;) squals initial strike K if there are no reset
tirmes before tiwve | < ™.

2. K (1;) equals the reset walue at the largest reset
time 7 which is less or aqual #,.

convert mite N/K('&f)
s hatres

continwe
I > [

€ 4, ty

13



Put aption for bond holder -

P - put redemption price, 2 < 1. At 3 put redemp-
tion time the holder of the boad can sell it back
ta msuer for put redemption amcunt W 2

(P} put redemption times, ie. thase times when
the bond holder can sell the bond back to issuer
lor the put redesmption ameunt.

sell for- N B

Confinue
pr—

l b
P Pz. P'.S

14

| =
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lHard call optiom for hond isswer

H : hard call redernption price. 5 > 1. The ismer
can buy the band back for hard call redemption
amount W H at a hard call redempticn time.

(h,) : hard call redemption times.

oP'{io n -ﬁ;r- Lssue

Buy btk ot f{ H !

continue
i

I | ) & F s
h4 ﬁ’—?, ﬁz’ k't'.

15



Sofi call oplion for bond issuer

L - soft call lower barrier. The issuer of the bond can
buy back the bond for the soft call redemption
amount at a soft call redemption time only if the
price of the stock at this time is greater than L.

C : soft call redemption price, © > 1. The issuer
can buy the bond back for soft call redernptian
amount INE al a soft call redemption Llime only
if the stock price at this time is greater that the
soft call lower barrier,

(%) : soft call redemption times,

16



Oplivn T bosd issuer at maturity ;
M . mandatory strike.

At maturity the issver of the bond has the right to
deliver W /M stocks to the bond halder instead of
paying the noticnal V.

op'éion For- (SSuer

-qu N JI;ECUE!"’

17



We conscder two
c.’as;s:;ca./ moa(efs:

1 Blc&c.[( moo[LJ for*
qs.«:na.le asset

Hu”-WAL'f:Q mo.s{o./ fo;k.
mterest rates

.

_R“-’-m‘*”:- Both mode€<
will  be implemented
m thecr~ most gx.up-at/

forms.

18



For -e,xat.mP&-) our- B/arq:; Q
model will tnelude ag /Damfc'-

cu fstr' cates .

a) Classicar Blacud Scloles
mode [ :

= C.OhS'['
dS, = S (e dt+8dW,)

l:.) Teme o(epznt@af Vers o
Tnterastrate (K7) s,
JS_-{, = Se("‘.ec(é—l- S;:an{e)

c) F X -"T‘?Oal-eé
‘C& ' ame-E-S‘éEC_ P‘ﬂt'é'-&

.\LJC: -For:ec.?n. rate

19



4
FX rate :

d Sy~ 5, (b 4 ef)dt + 65l1)
d Com moa&‘é& moded

0{'54: = 5{{ (w‘i—) ih%)o({:}
% S'JW‘(:

A © Mean reversion

e fficent

KEY IDEA: write the
mode [ m terms of

forward prias {

20



.y A
F{£T) -forwatra( price

cu r7;¢ :t'ﬁ'\ ma tu ri fj

ttme OJC for-wa.roL
LF(¢,T) = F&,T) A(T) 6(£)dW,

A '[“1 N
A 1@ (T))T')'O ;u,nf:ion

sl ! stocks + £x

)l:l: ; contmad; tces

6—
K‘i c/a\hs’fauf
mean - revelscon

21



ol Fihack . Ths class, Reosanss Puge 1 06 3 u

Bdiin Page Modubes “hamespace |is) Cligs Llierarchy  Alphabetical Tisi Thals Sinw ures  File List

cfl::Black::Data Class Reference
[Black model for a single assct.|

The peoomcters of Black wode]. Mosc...

Public Velhuds
Wi 1 |
Dt {comed Funetion &l bec aa, cong Funetinm &b s, comz Functivn
B Workatil iy . deulsl o boid sl iy
Trata {eoms Fumetion &rl Bsceon. cons: Fuseting & mvaen, coobile d5igma,
duon e dlnisal 1 me)
Butw (oo Fonction S71Nscouar. const Funebion Sl srsand, const Fusctien
&rVolandiy . comst Funetion Sr%hape, donbls Jeitial Tire
Bt Cconst Funetion &TLscounc, const Fametion Sorlorsand, double d5izma,
dhown Ble ol L, soubile ddmizial Timai

bl imitinl L ime () cons.

wors! Fantion & disconnd () vons:

vomz, Funetion & ferward [ consc

venel Fumewion & volaeiliny () consy

vengl Funetion & shape () cons!

Detailed Description

Ihiz clnzz defoes the parerwters of he Black wesdol. The = of parameers consises of s,
borsund. shape wnd volatilicy euroes.

S 9 lwae
el ek Msdel

Constructor & Destructor Documentation

cfl:: Black::Data::Dagag j 1 e
T iauh consirucion.

cfl:: Black::Data: :Data) const Funciion & e,
comisd Fumetinn & rForward,

const Funciien & rFoboiliey,
o lile aflmitil ¥ e

ok Ml L stors: Dy ProjectssC omrses FOT dbmary U ovwiLokm: classcll | I Black 1L, 1e2Tam

22



ofl Rleek Teawn r'2ze Raformes Fage 1 ol 5

¥
Constacte paca e s of oassica. Black, ol

Paramcers:
oo A disciam peres,
riarwemd A Rrsae surve.
rifslaniiy A woldl By cucve.
aimia? i Invicial Wrne given o0 v=ar fract oo

wlli: Blach:: Datas:Daiad conal Funclivn &  ribiacesed,
comar Funeton & rForiard,
bl S,
i ¥ i ¥l
¥
Coogms b of dasical Bk mdel v ik onremi sl lis

Poaramecrere:
LRRTERTE U N EINRTTE (e Tt
pEwanwn A Farmned Swivg
AV A wnberilicy
Attt Toeae Wikia” T it we o b livr.

ol Rluek : Thuta: Do const Fonsfton &  FINSCawm,

Cavsrmoma peramcrors of zoncsl Black nod |

FPursmecters:
Fidisormy A dizer e oo
eihvgrs A heweed aoese,
ot A v bl ooree.
vNhur A shune emerien, This facotion Jol mes the shape o8 neesae it o iy cure ol
Tzl privces.
atfrvigion Fime midiad rimee giver a8 vour Jacuea.

elzziBlach: Wb Dot | const Tunetion & rilicomnr,
womst Tunetion & rForweed,

i e o iare,
i e ol rarehadve,
v Dl it rererl Fisse

Crmeriers anrnnvsters of peocral Black i wid sk ioname ol o livg

r*':?'H!'IT“:H'-"\ﬁ't:'.f.['hl.u'}'...l..u-_u-'-l.h-t"tl.ah-r:.'\e-f{__i UBlack 1 1L 1R

23



ol Bleek Lhana vlses Baoloone:

Purwmcters:
eilecsan A discaem ceree.
rifarward & fersard corve,
aXizma The b’ ivy o sped wive

diaminle  The mesnreversian e ciert for boe of spul g ureler e risk e

IR
alimsiieal dme Initial Wi givem <5 vear frack oo,

MMember Function [Macumeniaiion
cousd Fwoctiond ofl: -Black:: Dt discount] | enmst

Remimms:
The disiwan . curve.

conist Fameriond off:: Black:: Dutaz-forwwnd] | const
Remrna:

The hrsun’ e,
divuivle cfl:: Bhwck:: Duta:: imitia | Timed | const
lk.'.' o) o ga v cm Backivo,
eomst Punctiond o Black: Dratac shapel | comsd
Reermna:
I v < aPee Ko Powemonts of foreeard prives,
comd Fomclivnd o Back: ks velusifion] ) comar

The endurilive o war

bhe docomsmabon B this chas: was gererted from S balhevang Ui

Gt W A 2 0 55 AT B e FYL 8 m e 2

bl AT Spare:Th ProfasteCoucs s F UL brary  Doctel Lobar el sacfl | IBkad_1_W0L.  FEIT-204

24



Thata curves for fiomiaial rodel 5. Page | ald 25

Main Page Modales Namcspace Tist Class Therorchy  Aldphabeticn) List  Dacg Swuctures  File Tis
Mharnespace Mernbers Ui Fields

Data curves for financial models.

Funclions

Fumctice disomwn | (ol d%cld, dooblbe dbvilml ] ime:

Funetivea disowen 0 (eonst Fanetion L% bl doble d il | e

Punctica volacility (double dSigre. doubh: J1srehds, double dlaitial Tioc)

Puncticn furward idovble dSpot. dovble s arry , dwible d nitelTime)

Funetien forward (dovble dSpon. canst Foetion &eCisl W0 ey, double dinitial Tine

Funeticn farward idovble dSpot. dovble dDividond Vicld. comst Funevion drDiscount, dhle
it Fimee )

Funeticn assetShape ideuble dlanida. double AT itiail T

Detailed Descripiion

Thiz viodtle cortaing S plomentat mos o § Cenent dac curves Bor fimaneizl ieodes suck s decount,
Farwand, volatilin, oo, .

Function Documentation

Functiom asserShapel duwble  oF snbii,
vumble  dimsiedl Time
]

Staticunry forw for changes in foreerd price carves. The vilue of this fanetion st e 4. piven oz
vl Tidbio gl s

wep . g alamia® AT Slei lalrismsvi

Purameters:
olambeks | e meun-tevorEian rase.
ailiidil Timee The initial 5 as p ser DTmciion

Famaiinn bondShe pef donhle  Jenbaa,

duable  diwitial Time
'

Staricnary form for changos in pweld s oma ke oo discowrt fecee curves. The value o this funetion
ot pimac o7 given a8 voar fraction cguals

mike ST TS toee T Projeors Caoesesid CLibranyeDoceflohion sgeonp oM bl 12 24

25



L curves for finaociul owoe s, Page Zald
Tagl el d™ T L . T L
Paramebers:

ofambds  The roeam reversion mie,
olftaiginnV iomee | 'he v lal Limae 98 venr Saction.

Function discosnn const Fowction & rFichd,
douhde adeitiad Time
]

Censsructs disconnt carc: . The diseowit St Dor wast arity 45: o0 = given s pear Fraction souuls

vy = Vsl Sd00are - Br i g iy SLSAIALTING |

PFaraneiers:
¥l Thi comlinnamsl y corapoundes vield carve.
whnibice Vime Lbe iniful tote as voar fiastion.

Returns:
The digecunt carve as function af reaarity,

Fumciinn discoun i double  JFishd,
duahle  Maitiel Vi
]
Corswacts disgownl corve. Vhe i sooum Gctor for matrity siaeeci ey given s vear faetion cowal <

api=sdincds ey = o i Th ]
Parameters:
dYiala The eongtan ot inumsly compedaded vizld
clfieizicalVisoe The wetial wmae as vear fdaeson.

Betui s
The i smml worve as fome Bom of Bty

Function ferward! deuble AT
o uble dlhvidend Field,
consl Function &  rflivewany,
)hﬂn dFmitiact Timi

Comz powlz fursand rusve tor 8 sock. The frewand price ol BARERF - . aro v given s vear fmclion

Fral o sx: B e idemilield WEMEEIET - N AT el drbleowant | alila e ik g

kAT TR b D Mool e nrsewd CLibrary Doctefl cm. Sproup_cllatahnn LTS

26
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Pzt curves f Frenciz ) node = O 5ol 4 Il'ﬂ‘

iy

Farauweiera:
i U aprst prac.
el Sisdeniibivdsd Ul Ly abomd <islid lor dhe stoik
4 B s currcml Jiscean. curve.

el T The it Ui s voar P ion.

Functinn farwar ), donble Algar,
const Fumcthon & rCerWiorn,
ey il dlw irial Tiwar
I
©araraces Sorwmed cwrve frean gt L boowan price @ cataricy ey oguals
ABgIT % LR A0 IUTRaa s w el S R Tl T T T LTl T
Furameters:
i The sane price.

o i B srew e arst-aloearey i oo,
dbvinodTime The initial fivee 88 yosy e,

il ailnitiol Time
]
Comwrvets Fyrasnd eorae B g assct. The fervard price st mamrim a0 - 0 cqmals
Eamd ¢ oy owlial e R TR S R ie D
Param rersy:
dipen The spat price

ATse Wy The cosr-cf-can s 1o
At Time The mutal fiec g cvmn _mativn,

Functivn volutility] doubbe  ovipm,
bbb

il wmatvla,
bbb ladtiol Time
]
Cowraes sationary volaliliny caree. T2 v o T welab i St = given as yen- Fracsion eqeals
&g mops [ lewplew rlemcdatidi-dEalpiaTime] LN s ™10 ollv - 8
Farsmeters:

G Ul st v Dl il
dlambae LB R an-mevers on coel Sert
liiioar ] e L o il b e o o

kil S b1 Py st T Theacy Doew Cochae cogponn e bzl FETL 2L
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Overview of cf& 128
‘E’.Lbrawg
1 Ang model. has discrete

or finite time Structure.

(4_-_) . sorted vector
“/0ScEM of event tomes

as year fractions
to - wital time
EXa.mP!ﬂs y
Q) exersise times
g) barrcar temes
Event times = All times
we heed T price goven
deriva Eive .

28



E{:-Fr.' cenecy . create

+he veckor of event
times as Small as

poﬁs::b'f.e

29
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2 The main class & 20

Slice . represents the
value of Secura{‘g_
at ewent time .
 cash at t2
Sl,) - SPo'f.‘Pr‘im_ atts
|2 l / I
{-r (‘f?. '63 ‘f:4 ‘f:g-
max(g[f,_)-k)o) Cealls
- payoft

at ta

30



2 +3pes ojf oPe,rqféon_gi-ﬁ
for Slice

4 Al qoven event
time 4 ¢ all possce
ar&fhmaﬁc) -Funcf‘iOha/J...

2 Between 2 event
+eme < T, < =l 3
&
Ohlz'_ f""O” bﬂﬂK

31



EXQNPI‘EV_ =
t; event time

«Sliced @ Slt;) spet at %
wSlice2 i K cash at 'éﬁ

S[LCL w SILCQ A =
Max (ugfit.‘e‘[—u S/iceQ_) 0_)

«Slice 3 : quof{ of call
ﬁ NPT A
max ( S(&) — Ky O_)

32



+L Q,U.g,ll'f time
«Sliced spot at T3
+. . elnpther event time

«Sliw2 : Spot at tg-

wSliee 4 + uSILcra2)'

You want
«Sliee : S'('E,,;) +S(1.:L'J
However Th(S ¢S net

2 llowed !

33



Q- How we creaqte 3¢
needeol Slices 2

1 Basic Slices are

crzqfao( bb{, amm(«ef

2 ’ma.upafa.z‘:e_ using

Q) arithmtic k
‘Fuuoﬁona{ operaty

—For quﬂm [qu;mz“

g) ~oll backe befween
different <venT

£ mes

34



ol Black: Seludde | class M femere Page | of 4 lss

Main Puge Modusz Momespuce Lis U ss | enmo WLM Dita Seructares File Liat
Dleriespace e ers i

cfl::Black::Model Class Reference
[Black model for a single assel.]

Implemeniation of Black medel, bocs .

Public Methods
Vol st Bl e el ke, comst skdsveetrs dovble - SrEvertTines, double Amcrval.
dovabih: SCwaliry s
Viambel foons: Trata & Dats, const s vestor: dombie = &rl vert T imes, dowble dlasereal
devble AChmalry. drubhe dPathTicperdCus it |
Vasabed (oot Bl & fouis, comest s oveetor: double = srlvertlimes, dgable dmerval.
sl bl ssvewton s dowhle = dnwa by
ambel oo Biate & Dk, comst silvecipe: donbie = g&rhvertlimes, doabls Tmeeval.
wot=L gl o nin o & niang
el Pk & alwtw ) ool
ursige: addStabye (oonst Path Dvpeodent £7500e)
Slice staty (unsigned 1 re, gmspned Sie) comst
Slice cash (unspmed 11 ime, double SARaRt) corst
Slice diserwnt (wrsiggre | 1 e, e e ol kend Maturite ) const
Slice spast | nrsigrwesd 1 me) const
Shice forward (omstzmed 11 me, dowble A orwarddatasite) const

Detailed Description

This cluss implemens Black model Lar o single ssset.

B alwa:
il sk it

Constructor & Destructor Decumentaiion

ofl:: Black: M odel:: M adel{ const Data & rldatu,
comst sl vector= doable > & rFeenriimes.
dunble dlfantirrvad,
(e Auoity

Conemructs an inaplercntation of the modcl. Use s eonstruckr b pricmg of stmcderd derivarives.

ks @A ST T Score: [ FrojactesCourscs FUL ibeary Diac el ok dolmsell 1 10wk _1_1...  WRZT2004
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el Mdedcd class R frveron: Pug=Ta 4 Lg

Farnmeters:
A b et date, ol die aeodie,
dvemlimey U lhe vber @l ¢l Bins
cilnigrad b owidth of the incsren’ o initial vnines For -he Tain e peacess.
will el e amal o memerical ivaplersersat 2n e the madel. This pararee detine=-
ez rrade-rd¥ erveen <peed arcd accerey,

e Hinck: Vodel  Miabeh comsi Do & rilhii,
coms | sidicvecter duubde * & o v Fivies,
doulibe dlurervii,
alvalib:
]
L anAryets on map amenl: dar s e roikel. 1. (Bi- corst-schw e pricie g of pach depercler
doriat ves with ame addioboman. shabe FRowEs.

Purwmeters:
vilidal Lhe e oo of fhe mecke]
e e L vt il vt Lnes.
e Lhe ey of e ivbereee ) of initia. v hves fior floc waio g areecss.
it v Wi guadie o] wmngea. b oo ol b Lescs slae process
aremaLan ot

Ml el el U omslicy af mcnesios | i phe o obsice of pddi s g0 aieecss,

oLt Bk Al W ndel] consi Traon & riharia,
eomsh stal: veeiire dowble = & rEvewd Time,

i bl afrier vul
st sl vt doable = &  fhurlity
]
Car st ar implemor ke ol beooedel Use s coostmtor or prwing ol paib depondont
derivadines wilhy g murnbor ol edvilioagl s process.:

i The inpart dur a7 the made’.

i FupeprTimes The weo or of gvew twes,

dimiey -l Tha wideh & rhe iereral oF ieitisd wal s fw the anon gm0 poessa

el The sleraent with irdex i of oz weniee sDuelr. dofives e qualioe of Luccrcal
ionglerae e of the s puecess wid iwdes i

ol Bhwck - Vodel: : Vel conat Patla & i,
coman vk veciors donbbe - & #Froans Times,
o hle Al
ermst el Brannian & E3 T

The Fesic corst scbar sl e mesdel.

ot MIBA T St T Ponje e momses O dbeary Tiace flobm celasc . Tlack 1)
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i b Bk Mol ol Boomense Page 3 ks jg

Purameters:
Fids Iz inpul Lwa of the miadel
riCmaTimey The wecinr alever rimes.
e B wilk ol ke inieres) of imitia vahees 5o the m-&,p'-,.u;.
rifrorasine A ocliameacs b oam uijoc. uF Ly pe oflesRromaien. Thes abocer i2 vacd o impleraery

LR

Member Function Doewnenlativa
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