Source details

. . CiteS 2021
Journal of Physics: Conference Series 0'e8°°re
Scopus coverage years: from 2005 to Present |

ISSN: 1742-6588 E-ISSN: 1742-6596

Su bject area: (Physics and Astronomy: General Physics and Astronomy) SR 2021

0.210

Source type: Conference Proceeding

View all documents > Set document alert [=) Save to source list  Source Homepage SNIP 2021

0.395

CiteScore  CiteScore rank & trend ~ Scopus content coverage

i Improved CiteScore methodology

CiteScore 2021 counts the citations received in 2018-2021 to articles, reviews, conference papers, book chapters and data

papers published in 2018-2021, and divides this by the number of publications published in 2018-2021. Learn more >

CiteScore 2021 M CiteScoreTracker 2022 ®

0'8 ) 96,702 Documents 2018 - 2021 0'9 )

Calculated on 05 May, 2022

74,925 Citations 2018 - 2021 88,857 Citations to date

95,386 Documents to date

Last updated on 05 March, 2023 « Updated monthly

CiteScore rank 2021 ®

Category Rank Percentile

Physics and Astronomy

L General Physics and #195/240 18th
Astronomy

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢


https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fiopscience.iop.org%2fjournal%2f1742-6596&locationID=8&categoryID=8&eid=&issn=17426588&linkType=JournalHomePage&year=&dig=5e7be502abe72a5a3b7242c5cc4e7bb1
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/source/citedby.uri?sourceId=130053&docType=ar,re,cp,dp,ch&citedYear=2022,2021,2020,2019&years=2022,2021,2020,2019&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=130053&years=2022,2021,2020,2019&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

AARFERERTT D
B FEP R
ERRE D URS

MpocmoTp Bepcum Ha pycckoM A3blke

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 71 Privacy policy 71

Copyright © Elsevier B.V 71. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use of cookies 7.

G RELX


https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/termsandconditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/privacypolicy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/online-tools/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/online-tools/scopus/content-overview/?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/about/our-business/policies/privacy-principles?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=sourceinfo&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=sourceinfo&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

JIIT  SCIMAGO INSTITUTIONS RANKINGS

SJ R Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Journal of Physics: Conference Series 3

COUNTRY SUBJECT AREA AND PUBLISHER H-INDEX
CATEGORY
United Kingdom I0P Publishing Ltd.
Physics and Astronomy
Universities and PhySiCS and
research institutions Astronomy

in United Kingdom (miscellaneous)

Media Ranking in
United Kingdom

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Conferences and 17426588, 17426596 2005-2021 Homepage

Proceedings
How to publish in this
journal

jpcs@ioppublishing.org

SCOPE
The open access Journal of Physics: Conference Series (JPCS) provides a fast, versatile and cost-effective

proceedings publication service.

Q Join the conversation about this journal

N Quartiles


https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagojr.com/journalrank.php?area=3100
https://www.scimagojr.com/journalsearch.php?q=IOP%20Publishing%20Ltd.&tip=pub
https://iopscience.iop.org/journal/1742-6596
https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/
mailto:jpcs@ioppublishing.org
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagomedia.com/rankings.php?country=United%20Kingdom
https://www.scimagojr.com/journalrank.php?category=3101

® sUR A== © Total Documents EA==S)

0.3 40k
0.25 \/\/_\/\_\’\ 20k /
/
0.2 0
2006 2008 2010 2012 2014 2016 2018 2020 2005 2007 2009 2011 2013 2015 2017 2019 2021
@ Total Cites @ Self-Cites \Q &8 Citations per document \C‘\ =22
40k
0.8

20k

L

2005 2007 2009 2011 2013 2015 2017 2019 2021

@ External Cites per Doc @ Cites per Doc \5\\ =22

0.8

0.4
2005 2007 2009 2011 2013 2015 2017 2019 2021

11

Cites / Doc. (4 years)
@ Cites/ Doc. (3 years)

2005 2007 2009 2011 2013 2015 2017 2019 2021 @ Cites / Doc. (2 years)
@ % International Collaboration RIS © cCitable documents @ Non-citable documents RIS
80k
40
20 40k
0
0
2005 2007 2009 2011 2013 2015 2017 2019 2021 2005 2007 2009 2011 2013 2015 2017 2019 2021
@ Cited documents @ Uncited documents EAS=ES)
a0k - Journal of Physics: « Show this widget in
Conference Series your own website
Not yet assigned
quartile Just copy the code below
40K and paste within your html
code:
S|R 2021 °
021 _ | <a href="https://www.scimag
0 powered by scimagajr.com

2005 2007 2009 2011 2013 2015 2017 2019 2021

\



ENIUa

Journal of Physics
Conference Series

The 11th Biennial Confarenca on

Classical and Quantum Relativistic
Dynamics of Particies and Fialds

VOLANE 1200~ OO

Tha apan access joumal far conference pm g edin s
lopscknce.org’ pos
OP Pubiishing




Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like
- Analysis of the Accuracy Batch Training
PrefaCe Method in Viewing Indonesian Fisheries

Cultivation Company Development
Anjar Wanto, Parulian Parulian,

To cite this article: 2019 J. Phys.: Conf. Ser. 1255 011002 Hasudungan Siahaan et al.

- Application of MCDM using PROMETHEE
Il Technigue in the Case of Social Media
Selection for Online Businesses.
| Gede Iwan Sudipa, Cici Astria,
View the article online for updates and enhancements. Khairunnissa Fanny Irnanda et al.

- Analysis Instruments Using Decision
System Concepts

Syariful Alam, Dayan Singasatia, Hendri
Sembiring et al.

@The Electrochemical Society Learn More & Register

243rd Meeting with SOFC-XVIII

Boston, MA ¢ May 28 - June 2, 2023

Early registration discounts end April 2

This content was downloaded from IP address 202.94.83.202 on 10/03/2023 at 08:08


https://doi.org/10.1088/1742-6596/1255/1/011002
https://iopscience.iop.org/article/10.1088/1742-6596/1255/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/1255/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/1255/1/012003
https://iopscience.iop.org/article/10.1088/1757-899X/835/1/012059
https://iopscience.iop.org/article/10.1088/1757-899X/835/1/012059
https://iopscience.iop.org/article/10.1088/1757-899X/835/1/012059
https://iopscience.iop.org/article/10.1088/1742-6596/2394/1/012012
https://iopscience.iop.org/article/10.1088/1742-6596/2394/1/012012
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsubXNMCedPSmBlAy_SucPDCbIZ9VXKEsalpbXDuynZNfONf6VKQfN7z9-WTrh_iH8hXtkjhwaKDQxqCEyw3dy4uahnWr8dKxL95SS83ykozYacd5mrqp4uVF45sefe_zH4IGQG_A7SbSYDVbnaiH3lPBQ0p6h6amnU32jNHyIr7F4xHPqMw5utI2jlkHo8r0aZljNwjLqPn4-vuse5sXC_WMNTgQjQxirk7_E3InSrJ_8emfszZUWqI3jkBo6m7xAZf75d7hDM_MqVUTDbuiRO2_MzfhRgvYK0fiZIaLmWrVQ&sai=AMfl-YTCVbBuKOZESJLzBIs44sj2g6VdZDNbrhn9gZLoZrf0Ci9hZqfa6UvWsnlFr2yf9sVkje6kIIfe9_NS0TU&sig=Cg0ArKJSzKeIgu5sDr5S&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dfa935f45-7c75-4bbc-aff9-e4d15599f24d%26RegPath%3DEventRegFees%26FreeEvent%3D0%26Event%3D243rd%2BECS%2BMeeting%2Bwith%2Bthe%2B18th%2BInternational%2BSymposium%2Bon%2BSolid%2BOxide%2BFuel%2BCells%2B%2528SOFC-XVIII%2529%253A%2BBoston%252C%2BMA%26FundraisingEvent%3D0%26evt_guest_limit%3D9999%26utm_source%3DIOP%26utm_medium%3Dbanners%26utm_campaign%3D243REG

The International Conference on Computer Science and Applied Mathematic IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1255(2019) 011002  doi:10.1088/1742-6596/1255/1/011002

Preface

We are pleased and honored to welcome all presenters and participants to the First International
Conference on Computer Science and Applied Mathematic (ICCSAM 2018), which was organized
by AMIK and STIKOM Tunas Bangsa, Pematangsiantar, Northern Sumatera, Indonesia in
collaboration with the Indonesian Computer and Information Professional Association (IPKIN),
Indonesian Mathematical Society (INDOMS) and Bank Muamalat. As editors, we would like to
convey a greeting Welcome to Parapat City in Lake Toba, Northern Sumatera, Indonesia to
presenters from various countries and especially those we respect for the presence of scientists in
the field of Computer and Mathematical Sciences and industry practitioners in the ICCSAM 2018.

We see that this activity is designed to enhance the exchange of knowledge and new discoveries in
computer science and mathematics and related fields in industry. We hope that scientists in the field
of computer science and mathematics and those who work in the industry can share knowledge
and work together as a team that has mutual relations with each other. We are very pleased to
announce that the theme of this conference, "Advancing Computability Innovation™ is very much in
line with the conferences objectives as well AMIK and STIKOM missions, namely "To become a
Science and Technology based Study Program that meets industrial needs and functions as a
research center in Information Data Science”. The conference was held in response to produce
significant contribution in the field of computer science and mathematics as an inseparable unit of
science towards the development of local and global industries. It is our happiness and honor to
welcome distinguished professors present to convey their expertise at this conference.

We hope this meeting will enable the development of productive dialogue between participants
from various countries. They also provide invaluable opportunities for networking among
participants, institutions and industries. We also hope that diversity in these fields can reveal more
opportunities for researchers and practitioners from all over the world to start a lot of research
related to the industry in the future.

We would like to congratulate AMIK and STIKOM Tunas Bangsa for starting this conference
with a synergistic contribution from dedicated partners namely the Faculty of Mathematics and
Natural Sciences of Universitas Sumatera Utara, Faculty of Computer and Information Technology
of Universitas Sumatera Utara, the Indonesian Computer and Informatics Professional Association
(IPKIN), Indonesian Mathematical Society (INDOMS), Bank Muamalat, Malaysia Pahang
University (UMP), University of Essex UK, Ankara, Institute of Applied Mathematics, Middle
East Technical University, Turkey and to all delegates for their full support, cooperation and
contribution to the ICCSAM 2018. We also want to thank the Organizing Committee for their
perseverance and extraordinary efforts. Various sponsors are also rewarded for their contributions.
We finally hope that all participants will get a pleasant stay here at Niagara Hotel and bring back
unforgettable experiences and valuable knowledge from this conference.

Editors

Ahmad Ridwansyah Putra
Dedy Hartama

Agus Perdana Windarto
Anjar Wanto

Sajadin Sembiring

Tutut Herawan

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Abstract. Randomized quasi-Monte Carlo (RQMC) method is presented to compute the
problem of a barrier option pricing. It is assumed that stock prices are modeled with a
fractional Brownian motion (FBM). The FBM is a Gaussian process with dependent and
stationary increments except H = %4 The FBM can model stock prices with short or long
memory. We propose a trajectory generation technique based on fast Fourier transforms to
simulate stock prices modeled by FBM. A stock price trajectory is utilized to predict pricing of
barrier options. Barrier options are options whose payoff function depend on the stock prices
during the option's lifetime. Using the results of the stock price trajectory and RQMC method
can be determined the price of a barrier option under FBM. We conclude that RQMC is an
efficient technique for calculating the price of barrier options rather than a standard Monte
Carlo (MC).

1. Introduction

Monte Carlo (MC) method is one way that can overcome financial problems, especially in
determining option prices. MC method is a method that uses random numbers to determine an
expected value of a random variable. These random numbers are pseudo-random numbers (PRN) that
have a certain probability distribution. However, this method has a slow speed of convergence and

. . . -1/2 .
rather time-consuming, because a root of the average decay error is O(N™°), where N is a number of

samples.

Quasi-Monte Carlo (QMC) method is an efficient alternative to the standard MC method, which is
able to achieve faster convergence and higher accuracy [1,2]. The QMC method is based on using a
low-discrepancy sequence (LDS), is also called a quasi-random number for sampling point. LDS is
designed so that the integration domain resembles a uniform distribution but the process of
determining random numbers is deterministic. However, PRN is a random number that has a uniform
distribution and fulfills statistical properties.

With deterministic QMC method, it is difficult to estimate integration errors in practice.
Randomized quasi-Monte Carlo (RQMC) method is used to replace QMC method. RQMC method
combines LDS and PRN. In this paper, Halton and Sobol sequence, which are LDS with a different
deterministic model, will be applied in RQMC method for calculating a barrier option pricing.

Analytical formulas for calculating barrier options are not available in many cases such as barrier
options under the FBM model and options with many assets. The MC method is one that plays an
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important role in this situation. The MC algorithm is an algorithm based on simulating several stock
price trajectories under a risk-neutral probability measure. A price of barrier options with the MC
method has been discussed at [3—6]. Meanwhile, the price of barrier options under the FBM model
using RQMC method has never been discussed. The purpose of this paper is to determine the price of
a barrier option using RQMC method.

2. Fractional Brownian motion

H H . . . . . . .
An FBM B" = ( B, )t>o is a Gaussian process with a zero mean and a covariance function is defined

HpH 1 2H 2H 2H
— = (|t =t 1
E[BrBY = J (" ~fe—ul™ +u™) ()
where Hurst index H € (0, 1) and t,u>0, see [7]. More precisely, by using (1), we obtain that
covariance between X, =B —-B| and X, , =B, -B, , is
pa @) =3( (U= —20”" +(u+1)™"). )

A FBM coincides with a standard BM if H =%. The Hurst index H determines the sign of the

covariance of the future and past increments. This covariance is negative when H e (0, %), positive

when H e(%,l), and zero when H =3. As a consequence, it has short-range dependence (short

memory) for H e (O, %) and it has long-range dependence (long memory) for H e (% , 1) .
The stock price model under the FBM is given by
dS, = uS,dt+oS,dB",  te[0,T],S, >0, (3)
where 1 and o are constants, B" is the FBM with respect to P". The fractional Black-Scholes
model consists of one riskless asset (bank account) and one risk asset (stock). The stock price satisfies
a stochastic differential equation (3). By using a change of variable GétH =oB" — u+r and using the

Girsanov theorem in [7], we have

ds, =rS,dt + oS,dB, te[0,T], S, >0. 4
Furthermore, we obtain a solution of (4) as
S, =S, exp[rt+o-BtH —%o-ztz“j, (5)

by using a Itd formula in [7].

3. Pricing of barrier options

Path-dependent options are options whose value depends on a behavior of stock prices during its
lifetime. Unlike vanilla options, the price of path-dependent options depends not only on a stock price
at maturity but also on stock prices trajectory during the contract. There are many types of path-
dependent options, such as Asian options, lookback options, and barrier options. Each option has
unique characteristics. Path-dependent options offer premium prices that are cheaper than the standard
vanilla option.

A barrier option is a option that can be activated or deactivated if the stock price reaches a certain
price level (L). Barrier options in general consist of two types, namely knock in and knock out options.
A knock out option is an option whose contract is canceled if the stock price crosses the barrier value.
A knock in option, on the other hand, is activated if the stock price crosses the barrier value. The
relationship between a barrier value L and a current stock price S, indicates whether the option is an

up or down option. We have an up option if L>S, and we have a down option if L <S,. Combining
the payoffs of call and put options with these features, we can define an array of barrier options.
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An option is said to be an up-and-out option if the stock price crosses a barrier value and the value
is greater than the current stock price. A down-and-out option is an option which the stock price
crosses a barrier value and the value is below the current stock price. The payoff of an up-and-out call
option with barrier value L, expiration time 7 and strike price K, is given by

£(S)=(S; K)o (©6)
te(0.T)
and the payoff of a down-and-out call option is given by
F(S)=(Sr =K1, 150y ™
te(0.T)
The payoff function of a put option is defined similarly with (K —S;)" in place of (S; —K)".

A closed form formula for an option barrier pricing under a fractional Brownian motion model has
not been found. This is because a fractional Brownian motion no longer has markovian and martingale
properties so the reflective principle used to derive formulas for barrier options is no longer valid. So it
is difficult to get an analytical solution from the barrier option pricing.

4. Randomized quasi Monte Carlo
Option pricing using the MC method can be determined in the following three stages
e Simulate sample trajectories from stock prices during a time interval [0, 7] as many as m
times,
e C(Calculate a discounted expected value of a payoff function of a barrier option for each
trajectory that generated in the first stage,
e Average the value that calculated in the second stage.

In the vanilla option, there is actually no need to make a stock price trajectory, only the stock price
at maturity is of concern. Barrier options are options that depend on the trajectory of a stock prices.
The barrier option pricing is determined by whether the stock price passes a certain barrier value
during the option period. Because of this path-dependent, all stock price simulations are needed during
the option period. To simulate a sample trajectory, we must choose a stochastic differential equation
that illustrates price dynamics. Stochastic equations for a stock price under FBM are written in (5).

QMC simulation is based on the same procedure as MC simulation but uses LDS instead of PRN.
Similar to PRN, LDS is algorithmically generated by a computer, except that the LDS is determined
deterministically in a smart way to be more uniformly distributed than PRN. In contrast to an MC
sample, LDS do not have the independent and identically distributed (i.i.d.) property.

Therefore, we cannot directly use LDS in the QMC method. However, randomized LDS samples
can be constructed by changing LDS into the following form

U, =, +W,) mod1, 3)
where W, is a PRN and U, is an LDS. The vector Ui is uniformly distributed in the unit hypercube

and sequence U have the independent and identically distributed property. Thus, the estimators based
on Ui are unbiased.

The best known quasi-random number generations [8] are Halton sequences, Faure sequences,
Sobol sequences, and the lattice method. This paper only discusses two quasi-random number
generations, namely Sobol sequences and Halton sequences. Sobol sequences are examples of LDS.
Ilya M Sobol, a Russian mathematician, first introduced Sobol sequences [9] in 1967. Sobol points can
be produced using algorithms introduced by Bratley and Fox [10]. Halton Sequences are sequences
that produce points in space using numerical methods such as appear to be random. The Halton
sequence was first introduced in 1964 [11] and developed by Kocis and Whiten [12].

5. Numerical Results

In this section, we first simulate sample trajectories from stock prices at time intervals [0, T]. The
stock price is modeled using equation (5). The algorithm for building trajectories of stock prices using
quasi random numbers is seen in Algorithm 1. Using the algorithm can be generated trajectories of
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stock prices like Figure 1. Figure 1 also says that when H = 1/2, the FBM will be the same as the
standard BM.

input : Set an expire date 7', an initial stock price Sp, an interest rest r, a stock
volatility o, a Hurst index H and a large number n of equally spaced
subintervals in [0,7)

output: S; with t = t1,ts,...,t, € [0,T)

Set using pseudo random number, Halton sequences or Sobol sequences;

for j < 1 ton do

Generate two pseudo-random number Wi; and Waj;

if pseudo random number then

I Ulj e—= le and (72]' — ng;

else

Generate two two Halton or Sobol sequences Uy; and Uyj;

Ulj — (U1j + Wy;) mod 1 and Uzj — (Uzj + Wh;) mod 1;

end

10 RandomComplex +— [71]‘ + U2j %

11 end

12 p(1) = 1;

13 for k< 1 to n do

14 ‘ P e— 4 ((k —1)%H _ok2H 4 (k + 1)2"’) :

15 end

16 p new « [p;plend —1: —1: 2)]

Real(FFT(p new))
e .

18 X < FFT (\/X) * RandomComplex

19 W «+ CUMSUM(Real(X(1:n+1))))
20 for j < 1 ton do

© w0 NN A W N

21 St; < So exp (r% — %02(%)211 —l—a(%)HWj)
22 end
Algorithm 1. Stock price trajectories under FBM
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Figure 1. Stock price trajectories under FBM by using Sobol sequences
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If H < ' the trajectory of the stock price fluctuates greatly, and if H > ' the trajectory of the stock
price is more likely to be smooth.

Algorithm 2 is an algorithm used to calculate the pricing of a barrier option under an FBM model
using MC and RQMC. The pricing of a barrier option can be determined using the trajectory of stock
prices generated in Algorithm 1. The pricing of a barrier option generated in Algorithm 2 is an up-and-
out call option. Other barrier options can be calculated by changing lines 4-6 in Algorithm 2 according
to the payoff function of the option. All algorithms in this paper are written and executed in the Matlab
program.

input : Set an expire date T', a strike price K, an initial stock price Sy, a interest
rest 7, a stock volatility o, a Hurst index H, a large number n of equally
spaced subintervals in [0,7") and sample size m

output: Price of an up-and-out call option

1 Set using pseudo random number, Halton sequences or Sobol sequences

2 for j+ 1 tomdo

3 Set Sp < stock price trajectory using Algoritma 1

4 SMaz < max {S¢|St € Sy and t € (0,7)}

5 if Syrqe < L then

6 | Vj « exp(—rt) max{Sr(end) — K, 0}

7 else

8 | Vi«o0

9 end

10 end

m
11 C), V]—/m
j=1

Algorithm 2. Price of an up-and-out call option using randomized quasi Monte Carlo

-

We present an example to show the effectiveness of Algorithm 2. We use current stock price
So = 500, strike price K = 500, expiration date 7 = 1, stock volatility ¢ = 0.05, index Hurst # = 0.8 ,
and interest rate » = 0.05. We implement the MC and RQMC simulation algorithms and compare the
results obtained from all methods. The RQMCS method is the RQMC method while the LDS used is
the Sobol sequence. Whereas, the RQMCH method is the RQMC method by using the Halton
sequence.

Table 1. Price of an up-and-out call option with M = 10?, 10°, 10* 10°

Price of an up-and-out call option Error of an option price

M N
MC RQMCS  RQMCH MC RQMCS  RQMCH

100 1000  17,24898  14,07713  13,99044 1,52361 0,94219 1,01528
1000 1000  14,49144  14,97568  15,00420 0,47331 0,32219 0,32139
10000 1000  15,09796  15,23683  15,15125 0,15128 0,10101 0,10141
100000 1000  15,27597  15,29528  15,23070 0,04809 0,03201 0,03199

Table 1 is the pricing of an up-and-out call option with the MC and RQMC methods using the
Sobol and Halton sequences based on a large number of subintervals, N = 1000, and sample sizes, M =
100, 1000, 10000 and 100000. Using the results in Table 1, we can conclude that the RGMC method is
more efficient than the MC method. Whereas in Table 2 it compares three methods with large numbers
of subintervals, N = 100, 1000, 10000 and 100000, and sample sizes, M = 1000. In this table also
concludes the same thing, the RQMC method is more efficient.
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Table 2. Price of an up-and-out call option with N = 107, 10°, 10*,10°

M N Price of an up-and-out call option Error of an option price
MC RQMCS  RQMCH MC RQMCS  RQMCH
1000 100 14,38474 1497417  15,97086 0,47787 0,32375 0,31689

1000 1000  15,20676  14,74686  15,41580 0,48841 0,32536 0,32023
1000 10000  15,53449  14,98866  14,44457 0,48684 0,31704 0,31358
1000 100000  15,13752  15,30209  15,23531 0,47789 0,32155 0,32103

6. Conclusion

One of the methods to determine the pricing of a barrier option under an FBM model is to use the
RQMC methods. The stock price trajectory under the FBM model has been proposed in Algorithm 1.
Using Algorithm 1 can be determined the barrier option price under the FBM model with the MC and
RQMC methods described in Algorithm 2. We compare the accuracy of MC and RQMC method in
the pricing of barrier option under the FBM model. The RQMC method more efficient than the MC
method which is shown by smaller errors.
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