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Mpumepsbl pennnkaynm/xegxkuposaxns
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Mpumepsbl pennnkaynm/xegxkuposaxns

BuHapHeblii onymoH

Kak MOXHO pennnunpoBaTs BuHapHbiii onumoH npu nomowww call
onyuoHoB?
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Cox-Ross-Rubinstein model
Binomial options pricing model
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Crates: Cox, Ross, Rubinstein — Option Pricing A Simplified
Approach



Cox-Ross-Rubinstein model
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Cox-Ross-Rubinstein model

see CRR.ipynb



AMeprKaHCKUA onunoH

BazoBblli akTuB, HE BbINAaYMBatOWNA AnBUAEHTLI, r > 0.
Mpu kakmMx yCAOBUSAX PaLMOHANBLHO UCMONLHUTE aMEPUKAHCKUIA
KON OMUMOH A0 dKCnanmpu?



AMeprKaHCKUA onunoH

long call S‘*. - l( o
long bond x K [ 4N K

short spot -~ Sr - S T
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Combinations

cm. Combinations.ipynb



Pacwwupenusi mogenn Black-Scholes-Merton

@ [0X04 OT BAajeHus akTueBoM S : g = const # 0
o Yield curve: r =r(t), g = q(t)
@ 0 =0(S,t)



Volatility

@ B ypasnenune bnska-LUyabua gns EBponeiickoro onuymnona npu
3a4aHHOI BONATUIILHOCTU ONPEeAeNsieT UueHy u HaobopoT

OcHoBHoli dakTop HeonpeneneHHocTn (pucka) B ueHe
onuuoHa

LleHbI Ha ONUMNOHbI KBOTUPYKTCA B TEPMUHAX BOJIOTUJIBHOCTH

o=o0(K,t)

Implied Volatility

Seealized] velily
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Equity volatility - before 1987
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Representative S&P 500 Implied Volatilities prior to 1987

Emanuel Derman, M. B. Miller - 2016 - The Volatility Smile



Equity volatility - after 1987
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Representative S&P 500 Implied Volatilities after 1987

Emanuel Derman, M. B. Miller - 2016 - The Volatility Smile



ﬂOBerHOCTb BOMAaTUABHOCTN

cMm. ImpliedVol.ipynb



Volatility smile / Volatility skew
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FX volatility smile

20.00%
19.50%
19.00% A

18.50%

18.00% ‘ T T T T T T ‘
115 120 125 130 135 1.40 145 150 1.55

lain J. Clark — Foreign Exchange Option Pricing: A Practitioner’s
Guide - Figure 3.4



Volatility smile models

o Local volatility
@ Stochastic volatility

o Jump diffusion

o [lapaMeTpusauus NOBEPXHOCTU BONATUALHOCTU, Kanubpayus
napaMeTpoB

@ [lprvmeneHune metoga MoHTe Kapno anst cnydailiHoro npouecca
ONpeaesNeHHoro 4pyrumMmm ycnosmnsmMm



Local volatility

Ecnn 3apaHHo pacnpesenenune LeH ANs BaHWAbHbLIX ONLMOHOB B
3asucumoctn ot K u T, To pyHKuus 0joc(St, t) Takas, npouecc
—

dSt = rtStdt + O'/OC(St, t)Stth

CooTeercTByeT 3apaHHbiM LeHam ans onumora C(K, T).
Onsa cnyyasa g =r = 0.

oC _ 1, ,0°C
— K, T)K
aT 27 ( ) oK?

Bruno Dupire (1993, 1994); Emanuel Derman, Iraj Kani (1994);
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Stochastic volatility

d51_- = ,uSt dt + \/V>t5t dW]_

dl/t = Qy,t dt + ﬁl/,t dW2

rae o ¢ W B, + HekoTopble PyHKLUUM v 1 t
Wi n W, BnHepoBckue mpouecchl, ¢ Koppensiuueli p.

<dW1 dW2> = pdt


Mike
Pencil


Stochastic volatility : Heston model

d5t == ,lLSt dt + \/ITtSt dWl

th = 0((4) — Vt)dt + 5\/ V¢ dW2
—————
roe:
w - cpegHee (long-term mean)
6 - ckopoCTb BO3BpaTa K CpefHEMY
& - BONATUIBLHOCTb BOAATUABHOCTH
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Stochastic volatility : SABR (Stochastic Alpha, Beta, Rh/]

v ¢

dFy = ot FP dWhA,
dot = ao, dWs,

<dW1 dW2> = pdt

B, a napametpsl mogenun, T4. 0 < 5 <1, a>0.
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Stochastic volatility : SABR

CTB(Kf)

o

z
= (ﬂ()u—ﬁuz{le%logzﬂKJr M10g4ﬂ1(+.~} (x(z))

1920
1-8) o 1
' {1 * [ 24 (JK)F A(K)OFI2 | 23

vo 2 — 3p?
PB pvz]zwr“_

—

Here

v
2= = (/B 1og fIk.
and x(z) is defined by

1—p

V1—=2pz+24+2z—0p
x(z) = log .

Hagan et al. (2002) Managing Smile Risk
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Jump diffusion : example

—

N
7~
A9
dS:
— = pdt + odW; + (J — 1)dN,
St - —

J - cnywvaliiHblii pazmep npbixka
N - npouecc llyaccoHa
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3a npegenamun mogenu Black-Scholes-Merton

JlokanbHas sonatunsrocts (LV)

Croxactuyeckas BonatuabHoctb (SV)

NokanbHas BonatunbHocTe + CToxacTuyeckas
BonatuasHocTs (LV/SV)

Jumps

(]

lMpoueHTHas cTaBka Kak cTtoxacTuyeckunii npoyecc (Stochastic
rates)



Pacwwupenusi mogenn Black-Scholes-Merton

@ r =const — r = r(t)
@ o =const — o =0(K, T)

e Rho: —)7
oVega:aV—>7 l/\
]
ATe Lo s
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What is implied volatility?

"In essence, implied volatility is the wrong number we put into the
wrong formula to get the correct option price."
Euan Sinclair — Volatility Trading



Notes



Notes



NuTtepatypa : "maTemaTnka n kog'"

@ James Ma Weiming — Mastering Python for Finance
https://www.packtpub.com/big-data-and-business-
intelligence/mastering-python-finance

@ Yves Hilpisch — Python for Finance —
http://python-for-finance.com/

@ Yves Hilpisch — Derivatives Analytics with Python


https://www.packtpub.com/big-data-and-business-intelligence/mastering-python-finance
https://www.packtpub.com/big-data-and-business-intelligence/mastering-python-finance
http://python-for-finance.com/

Nutepatypa : "npo matemaTuky"

o Bernt K. @ksendal — Stochastic Differential Equations: An
Introduction with Applications // B. Okcengane —
Croxactuyeckue gudpdpepeHunansHele ypasHenusi. Beegenue B
TEOPUIO 1 MPUAOXKEHNSA

@ Ubbo F. Wiersema — Brownian Motion Calculus

@ Mark S. Joshi — The Concepts and Practice of Mathematical
Finance

@ Paul Wilmott on Quantitative Finance

| o Lllnpsies A.H. — OcHoBbl cToxacTnyeckoli huHaHCOBOIA
maTemaTtukn — 1.2
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Jlntepatypa : "from practitioner"

@ Hull, John C. — Options, Futures and Other Derivatives /
Ioxon K. Xann — OnunoHel, dbrovepcsl n gpyrve
NPOM3BOAHbIE (PUHAHCOBbLIE NHCTPYMEHTDI

o Giles Jewitt — FX Derivatives Trader School "/
@ Euan Sinclair — Volatility Trading -

@ lain J. Clark — Foreign Exchange Option Pricing: A
Practitioner’s Guide d

@ Jim Gatheral — The Volatility Surface: A Practitioner’'s Guide
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[Mpumep peanusaunn bubnuotekn

The QuantLib project is aimed at providing a comprehensive
software framework for quantitative finance. QuantLib is a
free/open-source library for modeling, trading, and risk
management in real-life.

QuantLib is written in C++ with a clean object model, and is then
exported to different languages such as C#, Objective Caml, Java,
Perl, Python, GNU R, Ruby, and Scheme.

https://github.com/Iballabio/QuantLib/tree/master/Examples
https://github.com/Iballabio/QuantLib-SWIG /tree/master/Python/examples


http://quantlib.org/
https://github.com/lballabio/QuantLib/tree/master/Examples
https://github.com/lballabio/QuantLib-SWIG/tree/master/Python/examples

[laHHblii MaTepnan He ABNSETCS NPeSJsIOKEHNEM WIN NPefoCTaB/IeHNEM
Kako-nubo ycnyru. [laHHbIl MaTepran npefHa3HayYeH NCKIOYNTENLHO
ON51 MHPOPMALMOHHBIX 1 MAKOCTPATUBHBIX LIEJIEA 1 He NpeAHa3HayYeH
O151 pacnpoCTpaHeHnsi B pekiaMHbix uensix. JIoboi aHanms Tpetbux
CTOPOH He MpeAnosiiaraeT Kakoro-1mbo ofobpeHns nan peKoMeHaaLum,
MHeHMs, BbipaXkeHHbIe B AAaHHOM MaTepuane, SIBASIOTCS aKTyalbHbIMU
Ha TEKYLUi MOMEHT, MOSIBASIOTCS TOJIbKO B 3TOM MaTepuase u MoryT
ObITb N3MeHeHbl Be3 nNpegBapUTENBHOMO YBEAOMEHUS. JTa MHopMaLms
NpefoCTaBASAETCA C NOHUMMAHNEM TOrO, YTO B OTHOLUEHWM MaTepuana,
NPeAoCTaBAEHHOrO 3[€Ch, Bbl OyAeTe MPUHUMATL CAMOCTOATENBHOE
pelleHre B OTHOLIEHNI NODbIX AEACTBUN B CBA3N C HACTOSILLNM
MaTeprasoMm, 1 3TO peLLeHNEe SIBISIETCS OCHOBAHHbLIM Ha BaLUEM
COBCTBEHHOM CYXKAEHUM, N YTO Bbl CNOCODHBLI NOHATHL 1 OLEHUTH
nocneacteus 31ux gencrenii. OO0 "Horive Bank TexUenTp" He HeceT
HNKAKOM OTBETCTBEHHOCTNM 3a Jtobble yObITKM Nt0bOro poga,
OTHOCSLLUXCS K 3TOMY MaTepuany.
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