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Abstract

In this paper, we propose a variance reduction method that combines importance sampling and
control variates to price European Arithmetic Asian options and its variants (i.e., Asian options plus
knock-in or knock-out options) under the Black-Scholes model. The numerical results show that
the proposed methods are especially efficient under the following scenarios: in the money, low

volatility, more sampling dates, and higher barrier thresholds.
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1. Introduction

Asian options (i.e., average options) are strong path-dependent contingent claims whose payoffs
depend on the average price of the underlying asset over a given time period. These average-style
options have been very successful in the marketplace because they offer improved hedging
possibilities to holders with vast exposure, and they reduce the possibility of marketplace

manipulations near the expiry. The smoothing mechanism causes Asian options to have lower
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options are structured to suit the specific needs of the end users (Fabozzi et al., 2008, Milevsky and
Posner, 1998, Nelken, 1996).

The majority of Asian option trading types in the OTC marketplace are European-style options,
which are based on the arithmetic average prices of the underlying assets. Pricing arithmetic Asian
options has been a persistent issue when the price of the underlying asset is lognormally
distributed. However, the sum of lognormally-distributed variables no longer have a known
distribution; therefore, there is not a closed-form solution (i.e., the Black-Scholes formula) for Asian
options. Several approaches have been attempted to obtain the pricing formulas of Asian options
under geometric Brownian motion (GBM), including analytical approximation methods (Chen and
Lyuu, 2007, Chung et al., 2003, Geman and Yor, 1993, Ju, 2002, Lévy, 1992, Milevsky and Posner,
1998, Nielsen and Sandmann, 2003, Rogers and Shi, 1995, Vorst, 1992, Zhang, 2003), lattices and
closely related PDE methods (Dai and Lyuu, 2009, Hsu and Lyuu, 2007, Hsu and Lyuu, 2011, Hull
and White, 1993, Klassen, 2001, Ritchken et al., 1993, Vecer, 2001, Zvan et al., 1999), and Monte Carlo
and related quasi-Monte Carlo simulation methods (Kemna and Vorst, 1990, Broadie and
Glasserman, 1996, Boyle et al., 1997, Lapeyre and Temam, 2001, Glasserman, 2004, Imai and Tan,
2006, Dagpunar, 2019, Asmussen and Glynn, 2007, Boyle and Potapchik, 2008, Achtsis et al., 2013,
Mehrdoust, 2015, Miiller, 2016).

The mass customization of OTC contracts makes the Monte Carlo approach a competitive and
computational tool compared to other approaches. The arithmetic average schema is the most
common type of Asian option, but it also has well-known and difficult computing issues. Therefore,
in this paper, we develop two novel variance reduction algorithms for pricing European arithmetic
Asian options under a GBM background. The remainder of this paper is organized as follows.
Section 2 defines the problem to be solved. Section 3 elaborates on the simulation algorithm
developed in this study. Section 4 presents numerical results for three cases. Section 5 concludes

the paper.

2. Problem formulation

Asian options are one type of path-dependent contingent claim whose payofts depend on the
average price of the underlying asset during the prescribed period of time, which is at least a
portion of the life of the option. In general, the payoff of Asian options can be distinguished into
four types of call/put and fixed/floating strikes (i.e., the average price [rate]/average strike): 1) the
payoff of a fixed strike call is [A — K]*; 2) the payoff of a fixed strike put is [K — A]*; 3) the payoff of
a floating strike call is [A — §]*; and 4) the payoff of a floating strike put is [§ — A]*. A represents
the average price of the underlying asset, K represents the fixed strike price, S represents the
floating strike price, and [-]* represents the unit ramp function. The average can be determined
arithmetically or geometrically, and each lead to different types of Asian options. Another popular
choice is the exponentially weighted average, which results in recent prices that are weighted more

than past prices via an exponentially decreasing function.

Under the Black-Sholes framework, the price of the underlying asset at time ¢, which is denoted by
S(t), follows the standard risk-neutral GBM model,


https://www.sciencedirect.com/topics/economics-econometrics-and-finance/mass-customization

:= Outline m@ Download Share Export

represents the risk-free rate, g denotes the yield of the underlying asset, dt represents the small time
interval, o represents the volatility of the underlying asset price, and B(t) denotes the Brownian

motion.

The process defined by Eq. (1) implies that the total return from the underlying asset, over any time
period, is lognormally distributed (i.e., log S(¢) is the normal distribution).

S(t)z S(o)e(v—q)t+a'B(t)’ (2)
where v =r — 1/20% and
log S(t)~N (log S(t)+(r — ¢ — 302)t, o%t). 3)

As with most exotic options, Asian options can be priced in the familiar Black-Scholes framework.
This means that the value of the option is equal to the discounted expectation of'the payoft at
maturity under risk-neutral measure. The premium of the arithmetic Asian call option is

n +
Call = e ""E® n+r1 Z%S(ti)_K’ 0] ; @

where E@[] represents the expectation under risk-neutral measure, K denotes the strike price, ty, ¢
..., tn Tepresent the dates when the average is taken (i.e., the sampling dates), and S(¢0), S(t1),...,
S(t,) represent the prices of the underlying asset at these dates. The payoff of the option occurs at
date t,,. Hence, the valuation of the option amounts when evaluating the expectation is found with
(4). From (3) it is clear that all S(#;) results have lognormal distributions, i.e., log S(¢;) has a normal
distribution (2). However, the sum of the lognormally distributed variables, > S(¢;), no longer has a
known distribution. This is why analytic formulas, such as the Black-Scholes formula, do not exist

for Asian options.

3. Methodology

This paper uses importance sampling plus control variates to price Asian options and its variants.
Below we give the basic descriptions of variance reduction techniques that will be employed in this

paper (Asmussen & Glynn, 2007) and elaborate on the simulation algorithm developed in this study.

3.1. Importance sampling (IS)

Suppose that we wish to estimate a = E[X], where X represents the output of a complex stochastic
system. A naive Monte Carlo procedure would generate n independent copies of X and produce the

standard estimate

n
_ 1
Qna\"ive = 5 X,
=1

.

where X, Xa,...,X, are independent copies of X.

Let P represent the probability measure governing the dynamics of X and let probability measure Q

be an equivalent measure of P. Define



:= Outline m@ Download Share Export

where X;', ¢=1, ..., nare independent copies of X drawn from probability measure ¢, and

L®, i=1,..., nare Radon-Nikodym derivatives between probability measures P and Q. Therefore,
it is clear that azg(Q) is also an unbiased estimate of . It is possible to choose probability measure
Q such that the variance of az5(Q) is much smaller than that of ay\»; ve. To apply importance
sampling, it is vital to choose an appropriate probability measure (Q). In this paper, the main task is
determining an appropriate probability measure, @, for computing fair payout benefits.

3.2. Control variates (CV)

Suppose that we wish to estimate a = E[X], where X represents the output of'a complex stochastic

system. Let Y be a d x 1 random vector, where each component of Y is correlated with X. Let

p and X denote the mean vector and the covariance matrix of Y, respectively, where mean vector p
is known. Suppose that the covariance between X and Y; is ¢;, and ¢ = (c1, ¢35 - - -, cq)T. The control

variates are defined as

C=Y—pun

It is clear that the mean vector of C is 0, the covariance matrix of C is ¥, and the covariance between
X and C;is c;. Now define

Xc(A)=X-ATc.

It is clear that

E[Xc(A)]=0,

and

Var[Xc(A)]= 0% — 22Tc + ATZA.

The above formula is minimized when
A =3"1¢,

and

VarXc(A)]= 0% —2(2 ) e+ (2 1¢) 2 (= ¢),
Hence,

Var[Xc(A*)]= 0% — T2 e < 0%.

Let Xg) (A*), i=1,..., nrepresent independent copies of X¢(A*). Therefore, it is obvious that
— 13 x® s
Qcontrol = 4, ZXC( )
i=1

is a more efficient estimate of aya\»; ve. It is usually not possible to compute the exact value of A*
because X and ¢ are usually unknown. However, accurate estimates of ¥ and ¢ are easy to compute
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3.3. The proposed algorithms

The proposed algorithm combines techniques from importance sampling and control variates. Let

X = (Xo, X1, Xn)T =(logS(ty), logS(t1), ..., logS(t,)) be a Gaussian vector with mean vector
p= (po, 1, -+ pn)T and covariance matrix 3. We denote X ~ N(p, 2) and set ¥; = exp(X}) to
define

n n
n+1 =0 n+1 )

which results in the estimation of’

V =eTE[g(X)-K]",

and its variants (for both knock-in barriers and knock-out barriers).

For the generation of random vector X, we represent X as

X =p+CZ, (5)

where C represents a matrix satisfied by CCT =3 and Z ~ N(0,I,,,1). Let
(A1, 41), (A2,4z), -+ *y (Ans1,9ny1) be eigenpairs of Band Ay > A > - -+ > Apq1. Suppose that the
spectral decomposition of X is

d
»= kz Xiq;af = QAQT,
=1

where A = diag(A1, A2, -..,Ant1) is a diagonal matrix (i.e., eigenvalue matrix) and

Q =(q;, q,---, qg) is an eigenvector matrix. It is easy to see that QA% is a suitable candidate for C

We then separate C into (c1 , ré) Submatrices ¢; and G have dimensions (n + 1)x1 and (n + 1)xn,

Y T Yy
respectively. Additionally, Z is separated into (Zl, Z) . Subvectors Z; and Z have dimensions 1 and

n, respectively. We can rewrite Equation (7) as
X=}L+01Z1+EZN, (6)

We can utilize Eq. (8) to provide a two-step procedure for generating replicates of X. In particular,
we can generate Z first and then generate 2. In this way, we only select the importance sampling

distribution for Z; given the sampling value of Z.

Given any simulated value of Z, g(X) is a strictly monotone increasing function in Z;. By solving a
single variate root-finding problem, we can find a threshold value of b for Z;, such that g(X)> K for
Zy > b. Therefore, if we generate Z; as a truncated standard normal with a truncated region (—oo, ),

the generated g(X) is always greater than K and Z; has a simple likelihood ratio = 1 — ®(b)< 1, for
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We outline the algorithm of the proposed IS estimator below.
1. Input p, ¥, and N, where N represents the sample size

2. Compute ¢; and C3.Fori=1,2,..., N

I. Generate Z
II. Compute the value of b such that g(p, +c1b+ fé%) =K

I11. Set L) = ®&(—b)= 1 — ®(b), , where L") represents the likelihood ratio

IV. Given the value of '2’, simulate Z; as a truncated standard normal with a truncated region

(—00,b). Compute V(fi, Z1)= e™T [g(y, +c1Z1 + 'c‘:”i‘) —K] !

V. Set L(")V(fz, Zl) as an IS sample

The variability of the generated sample V(ri, Zl) in above algorithm can be further reduced by

computing its expectation with respect to Z;. To be precise, we compute
~ ey +
V(Z)= e"TE[g(y, +¢Z,+C Z) —K]

for any simulated value of’ 7. Note that above expectation is easy to compute, because it involves
only integrating one-dimensional lognormal random variables (all depends on Z; only) from b to co
. The statistical efficiency of the algorithm can therefore be enhanced by the following modification:
1. Input p, 3, and N, where N represents the sample size

2. Compute ¢; and (s
3. Fori=1, 2,..., N
I. Generate Z

II. Compute the value of b such that g(u +c1b+ '(\3”2') =K
I get V('Z’) = e_'TE[g(p. +c1Z; + f(\frZ) —K] ' as an sample

The above procedure can combine control variate techniques. In step 3, Z
~A~Y ~n~T ~ N/
~N(0,I,) and CZ ~ N(O, CcC ) Each component of Z is positively correlated with V(Z), which

results in a natural control variate. The exponential of each component for GZ is a lognormal
random variable, which is also obviously positively correlated with V(fi) . Therefore, we select two
sets of control variates for numerical experiments. The first set consists of exponentials for each
component of cZ (hereafter denoted as the H1 algorithm). The second set consists of exponentials

for each component of GZ and each component of Z (hereafter denoted as the H2 algorithm). The
means of control variates in the H1 algorithms are zeros. The means of control variates in the H2
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We examine the accuracy of our proposed algorithms under a GBM framework with three cases in

Glasserman, Heidelberger, and Shahabuddin (1999) below, which are the pure Asian option, the

Asian option with a knock-in barrier and the Asian option with a knock-out barrier. Table 1, Table 2,

Table 3 show the comparative results between our methods and the methods of Glasserman et al.

(1999) by variance reduction ratios (VRs). We assume that the expected CPU times of all methods

except naive Monte Carlo method for one replication are about equal. This is a conservative

assumption. The modest additional effort required to decompose the covariance matrix in our
method should be less than the additional effort required in the methods of Glasserman et al. (1999)

for solving optimization problem, finding the optimal eigenvector, and determining the optimal

allocation of replications in each stratum.

Table 1. Estimated Variance Reduction Ratios for the Asian Option.

n o K

16 0.1 45

50

55

03 45

50

55

64 01 45

50

55

0.3 45

50

55

Premium VR_H1

6.05

1.92

0.20

7.15

4.17

221

6.00

1.84

0.17

7.02

4.02

2.08

1]
9,469,812
73,790
31,813
88,870
45,840

37,669

14,657,913
87,680
39,286
110,143
55,337

45,704

VR_H2
(2]
55,990,097
403,483
139,014
337,969
147,489

105,905

67,010,338
405,431
161,588
423,787
189,300

141,317

VR_G1 VR_G2 VR_D[5]

[3]
1097
4559
15,520
1011
1304

1746

967
4637
16,051
1016
1319

1767

(4]

1246 6,294,659
5710 33,026
17,026 258

1664 7890
1899 2047
2296 519

1022 11,102,373
5665 29,757
17,841 88

1694 8745

1971 1820

2402 345

(]3]

8632
16
2.0
88
35

22

15,158
19

2.4
108
42

26

[1114]

7600
13
1.9
53
24

16

14,342
15
22
65
28

19

(23]

51,039

89

9.0

334

113

61

69,297

87

10.1

417

144

80

[2114]

44,936
71

8.2
203

78

46

65,568
72

9.1
250
9

59

(1)

1.5
2.2
12:
11
22

73

13
2.9
44(
13
30

13.

All cases use S(0)= 50, = = 0.05, and T' = 1; S(0): the current price of the underlying asset; r: the risk-free rate; T"

the time to maturity; n: the total number of sampling dates; Premium: the expected price by the naive Monte

Carlo simulation using 1,000,000 runs; VR_H1: variance reduction ratios by the 1st algorithm using 1000 runs;
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and optimal eigenvectors from Glasserman et al. (1999) using 1,000,000 runs; VR_D: variance reduction ratios by

the improved importance sampling approach from Dagpunar (2019).

Table 2. Estimated Variance Reduction Ratios for the Asian Option with a Knock-in Barrier.

n c K Premium VR_H1 VR_H2 VR_G1 [11/3] [2]/3]
(1] (2] (3]
50 0.1 60 0.53 1582 6137 25 63 245
70 0.02 1262 5079 992 13 51
80 0.00 49,708 95,400 195,055 0.3 0.5
0.3 60 3.14 629 4517 14 45 323
70 2.07 2031 3063 16 127 191
80 117 3308 8036 34 97 236
100 0.30 1274 16,983 167 7.6 102
55 0.1 60 0.15 1387 4301 43 32 100
70 0.01 2288 14,307 787 29 18.2
80 0.00 58,463 117,829 154,406 0.4 0.8
0.3 60 1.94 768 3690 41 19 90
70 1.44 1029 3090 18 57 172
80 0.89 3410 3931 34 100 116
100 0.25 1797 31,935 157 11 203

All cases use S(0)= 50, » = 0.05, T =1, and n = 16; S(0): the current price of the underlying asset; r: the risk-free
rate; T the time to maturity; n: the total number of sampling dates; B: the barrier level; Premium: the expected
price by the naive Monte Carlo simulation using 1,000,000 runs; VR_H1: variance reduction ratios by the 1st
algorithm using 1000 runs; VR_H2: variance reduction ratios by the 2nd algorithm using 1000 runs; VR_G1:
variance reduction ratios by importance sampling combined with stratified sampling (100 stratum) and optimal p

from Glasserman et al. (1999) using 1,000,000 runs.

Table 3. Estimated Variance Reduction Ratios for the Asian Option with a Knock-out Barrier.
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[1] [2] [3]
50 0.1 60 1.38 1323 5530 6.1 217 907
70 1.90 26,137 114,078 240 109 475
80 1.92 99,373 440,040 3864 26 114
0.3 60 1.02 112 448 2.4 47 187
70 2.10 944 1237 4.1 230 302
80 2.99 2541 7977 8.9 286 896
100 3.86 5192 40,982 46 113 891
55 0.1 60 0.05 247 519 9.1 27 57
70 0.19 12,528 67,629 351 36 193
80 0.20 44,924 174,712 12,988 3.5 13
0.3 60 0.27 50 174 45 11 39
70 0.77 304 636 4.5 68 141
80 1.32 1954 2642 9.2 212 287
100 1.96 4986 43,081 51 98 845

All cases use S(0)= 50, » = 0.05, T =1, and n = 16; S(0): the current price of the underlying asset; r: the risk-free
rate; T: the time to maturity; n: the total number of sampling dates; B: the barrier level; Premium: the expected
price by the naive Monte Carlo simulation using 1,000,000 runs; VR_H1: variance reduction ratios by the 1st
algorithm using 1,000 runs; VR_H2: variance reduction ratios by the 2nd algorithm using 1000 runs; VR_GI:
variance reduction ratios by importance sampling combined with stratified sampling (100 stratum) and optimal x

from Glasserman et al. (1999) using 1,000,000 runs.

4.1. The Asian option

This case is extracted from Table 5.1 in Glasserman et al. (1999). The payoff of the Asian option is
[A — K]". Table 1 shows that our H1 and H2 algorithms are superior to the G1 and G2 algorithms
in Glasserman et al. (1999) and the D algorithm in Dagpunar (2019). Our algorithms relative to the
Glasserman et al. (1999) algorithms are particularly efficient under in-the-money, low-volatility, and
more sampling date scenarios. In addition, our algorithms are better than that of Dagpunar (2019)
using the out-of-the-money scenario. The H2 algorithm exhibits a higher variance reduction
performance than that of the H1 algorithm because it utilizes more correlated control variates than
the H1 algorithm.

4.2. The Asian option with a Knock-in barrier
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reduce the hedging cost (i.e., option premium). Table 2 shows the calculation results of the Asian
option with a knock-in barrier!. The numerical results show that our proposed methods (H1 and
H?2) are superior to that (G1) proposed by Glasserman et al. (1999), except for the scenario which has
a lower volatility (o = 0.1) and a higher barrier level (B = 80). Glasserman et al. (1999) argues that the
importance sampling method is particularly effective when pricing the knock-in option with a large
threshold. If B is large, reaching B is a rare event. However, our approach outperforms theirs under
higher volatility (o = 0.3) and high threshold level (B = 100) scenarios. We did not compare the
performance of algorithm G2 or algorithm D, because they are not applicable for Asian options with
knock-in or knock-out features.

4.3. The Asian option with a Knock-out barrier

This case is extracted from Table 5.2 in Glasserman et al. (1999). The payoffis [4 — K]* 1{g¢.)> 5}
where B represents the barrier level, and 1, represents the indicator function. Table 3 shows the
calculation results of the Asian option with a knock-out barrier?. Additional knock-out barrier
feature 1;g(;,)>p5) gives the protection threshold to the option writer; therefore, it can reduce the
hedging cost (i.e., option premium). The numerical results show that our proposed methods (H1
and H2) are superior to that (G1) proposed by Glasserman et al. (1999). Our approach is particularly
efficient in low-volatility and high barrier threshold scenarios.

5. Conclusions

This study has developed a novel variance reduction method, which combines importance
sampling and control variates to price pure Asian options and its variants (i.e., Asian options plus
knock-in or knock-out options). Our method has a conceptually convincing mechanism advantage
for implementation compared to existing benchmark methods. The numerical results show that
the proposed algorithms are especially efficient under in the money, low volatility, more sampling
dates, and higher barrier threshold scenarios.

Appendix A. Supplementary data

The following are the Supplementary data to this article:

f] Download : Download XML file (268B)

Supplementary data 1.

Recommended articles Citing articles (0)

Research data for this article


https://ars.els-cdn.com/content/image/1-s2.0-S1062940818305825-mmc1.xml
https://ars.els-cdn.com/content/image/1-s2.0-S1062940818305825-mmc1.xml

Outline m@ Download Share Export

@ About research data /1

References

Achtsis et al., 2013 N. Achtsis, R. Cools, D. Nuyens
Conditional sampling for barrier option pricing under the LT method
SIAM Journal on Financial Mathematics, 4 (1) (2013), pp. 327-352
CrossRef  View Record in Scopus ~ Google Scholar

Asmussen and Glynn, 2007 S. Asmussen, P.W. Glynn
Stochastic simulation: Algorithms and analysis: Algorithms and Analysis
Springer (2007)
Google Scholar

Boyle et al., 1997 P. Boyle, M. Broadie, P. Glasserman
Monte Carlo methods for security pricing
Journal of Economic Dynamics and Control, 21 (8-9) (1997), pp. 1267-1321
Article  ff) Download PDF  View Record in Scopus  Google Scholar

Boyle and Potapchik, 2008 P. Boyle, A. Potapchik
Prices and sensitivities of Asian options: A survey
Insurance: Mathematics and Economics, 42 (1) (2008), pp. 189-211
Article ) Download PDF  View Record in Scopus ~ Google Scholar

Broadie and Glasserman, 1996 M. Broadie, P. Glasserman
Estimating security price derivatives using simulation
Management Science, 42 (2) (1996), pp. 269-285
CrossRef  View Record in Scopus ~ Google Scholar

Chen and Lyuu, 2007 K.W. Chen, Y.D. Lyuu
Accurate pricing formulas for Asian options
Applied Mathematics and Computation, 188 (2) (2007), pp. 1711-1724
Article  ff) Download PDF  View Record in Scopus  Google Scholar

Chung et al., 2003 S.L. Chung, M. Shackleton, R. Wojakowski
Efficient quadratic approximation of floating strike Asian option values
Finance, 24 (1) (2003), pp. 49-62
View Record in Scopus ~ Google Scholar

Dagpunar, 2019 Dagpunar, J. S. (2007). Novel importance sampling for the valuation of basket and
Asian options, Available at SSRN: https://ssrn.com/abstract=1017836 or
https://doi.org/10.2139/ssrn.1017836.

Google Scholar

Dai and Lyuu, 2009 T.S. Dai, Y.D. Lyuu

Accurate and efficient lattice algorithms for American-style Asian options with range bounds


https://www.elsevier.com/authors/author-services/research-data
https://doi.org/10.1137/110855909
https://www.scopus.com/inward/record.url?eid=2-s2.0-84893481052&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Conditional%20sampling%20for%20barrier%20option%20pricing%20under%20the%20LT%20method&publication_year=2013&author=N.%20Achtsis&author=R.%20Cools&author=D.%20Nuyens
https://scholar.google.com/scholar_lookup?title=Stochastic%20simulation%3A%20Algorithms%20and%20analysis%3A%20Algorithms%20and%20Analysis&publication_year=2007&author=S.%20Asmussen&author=P.W.%20Glynn
https://www.sciencedirect.com/science/article/pii/S0165188997000286
https://www.sciencedirect.com/science/article/pii/S0165188997000286/pdf?md5=566158d9a697f1f860620c6f67555925&pid=1-s2.0-S0165188997000286-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-0031590023&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Monte%20Carlo%20methods%20for%20security%20pricing&publication_year=1997&author=P.%20Boyle&author=M.%20Broadie&author=P.%20Glasserman
https://www.sciencedirect.com/science/article/pii/S0167668707000170
https://www.sciencedirect.com/science/article/pii/S0167668707000170/pdfft?md5=24ceb19f2a3efb533297d1e326641cbd&pid=1-s2.0-S0167668707000170-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-38649112292&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Prices%20and%20sensitivities%20of%20Asian%20options%3A%20A%20survey&publication_year=2008&author=P.%20Boyle&author=A.%20Potapchik
https://doi.org/10.1287/mnsc.42.2.269
https://www.scopus.com/inward/record.url?eid=2-s2.0-0001064964&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Estimating%20security%20price%20derivatives%20using%20simulation&publication_year=1996&author=M.%20Broadie&author=P.%20Glasserman
https://www.sciencedirect.com/science/article/pii/S0096300306015256
https://www.sciencedirect.com/science/article/pii/S0096300306015256/pdfft?md5=4cebf4f1eedc15108e0f1d506e074b12&pid=1-s2.0-S0096300306015256-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-34248138386&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Accurate%20pricing%20formulas%20for%20Asian%20options&publication_year=2007&author=K.W.%20Chen&author=Y.D.%20Lyuu
https://www.scopus.com/inward/record.url?eid=2-s2.0-33847256180&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Efficient%20quadratic%20approximation%20of%20floating%20strike%20Asian%20option%20values&publication_year=2003&author=S.L.%20Chung&author=M.%20Shackleton&author=R.%20Wojakowski
https://ssrn.com/abstract=1017836
http://dx.doi.org/10.2139/ssrn.1017836
https://scholar.google.com/scholar?q=Dagpunar,%20J.%20S.%20.%20Novel%20importance%20sampling%20for%20the%20valuation%20of%20basket%20and%20Asian%20options,%20Available%20at%20SSRN:%20https:ssrn.comabstract1017836%20or%20https:doi.org10.2139ssrn.1017836.

:= Outline m@ Download Share Export

Fabozzi et al., 2008 F.J. Fabozzi, R. Fuss, D.G. Kaiser
The handbook of commodity investing
Wiley (2008)
Google Scholar

Geman and Yor, 1993 H. Geman, M. Yor
Bessel processes, Asian options, and perpetuities
Mathematical Finance, 3 (4) (1993), pp. 349-375

CrossRef  View Record in Scopus ~ Google Scholar

Glasserman, 2004 P. Glasserman
Monte Carlo methods in financial engineering
Springer (2004)
Google Scholar

Glasserman et al., 1999 P. Glasserman, P. Heidelberger, P. Shahabuddin
Asymptotically optimal importance sampling and stratification for pricing path-dependent
options
Mathematical Finance, 9 (2) (1999), pp. 117-152

View Record in Scopus ~ Google Scholar

Hsu and Lyuu, 2007 W.W.Y. Hsu, Y.D. Lyuu
A convergent quadratic-time lattice algorithm for pricing European-style Asian options
Applied Mathematics and Computation, 189 (2) (2007), pp. 1099-1123
Article %) Download PDF  View Record in Scopus  Google Scholar

Hsu and Lyuu, 2011 W.W.Y. Hsu, Y.D. Lyuu
Efficient pricing of discrete Asian options
Applied Mathematics and Computation, 217 (24) (2011), pp. 9875-9894
Article  ff) Download PDF  View Record in Scopus  Google Scholar

Hull and White, 1993 J.C. Hull, A.D. White
Efficient procedures for valuing European and American path-dependent options
The Journal of Derivatives, 1 (1) (1993), pp. 21-31
CrossRef  Google Scholar

Imai and Tan, 2006 ]J. Imai, K.S. Tan
A general dimension reduction technique for derivative pricing
Journal of Computational Finance, 10 (2) (2006), p. 129

CrossRef  View Record in Scopus ~ Google Scholar

Ju, 2002 N.Ju
Pricing Asian and basket options via Taylor expansion
Journal of Computational Finance, 5 (3) (2002), pp. 79-103
CrossRef  View Record in Scopus ~ Google Scholar


https://www.sciencedirect.com/science/article/pii/S0096300308009417
https://www.sciencedirect.com/science/article/pii/S0096300308009417/pdfft?md5=4f51b73d20f36b8410d87f3aa20eaf18&pid=1-s2.0-S0096300308009417-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-60349102112&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Accurate%20and%20efficient%20lattice%20algorithms%20for%20American-style%20Asian%20options%20with%20range%20bounds&publication_year=2009&author=T.S.%20Dai&author=Y.D.%20Lyuu
https://scholar.google.com/scholar_lookup?title=The%20handbook%20of%20commodity%20investing&publication_year=2008&author=F.J.%20Fabozzi&author=R.%20Fuss&author=D.G.%20Kaiser
https://doi.org/10.1111/j.1467-9965.1993.tb00092.x
https://www.scopus.com/inward/record.url?eid=2-s2.0-0000646925&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Bessel%20processes%2C%20Asian%20options%2C%20and%20perpetuities&publication_year=1993&author=H.%20Geman&author=M.%20Yor
https://scholar.google.com/scholar_lookup?title=Monte%20Carlo%20methods%20in%20financial%20engineering&publication_year=2004&author=P.%20Glasserman
https://www.scopus.com/inward/record.url?eid=2-s2.0-0033411026&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Asymptotically%20optimal%20importance%20sampling%20and%20stratification%20for%20pricing%20path-dependent%20options&publication_year=1999&author=P.%20Glasserman&author=P.%20Heidelberger&author=P.%20Shahabuddin
https://www.sciencedirect.com/science/article/pii/S0096300306016869
https://www.sciencedirect.com/science/article/pii/S0096300306016869/pdfft?md5=fa6c5bfe312c5ceca71b8a5a1c4ac5bb&pid=1-s2.0-S0096300306016869-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-34249083878&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20convergent%20quadratic-time%20lattice%20algorithm%20for%20pricing%20European-style%20Asian%20options&publication_year=2007&author=W.W.Y.%20Hsu&author=Y.D.%20Lyuu
https://www.sciencedirect.com/science/article/pii/S0096300311000294
https://www.sciencedirect.com/science/article/pii/S0096300311000294/pdfft?md5=94e7ea4cbc48a2fa861df763b928c338&pid=1-s2.0-S0096300311000294-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-80955180581&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Efficient%20pricing%20of%20discrete%20Asian%20options&publication_year=2011&author=W.W.Y.%20Hsu&author=Y.D.%20Lyuu
https://doi.org/10.3905/jod.1993.407869
https://scholar.google.com/scholar_lookup?title=Efficient%20procedures%20for%20valuing%20European%20and%20American%20path-dependent%20options&publication_year=1993&author=J.C.%20Hull&author=A.D.%20White
https://doi.org/10.21314/JCF.2006.143
https://www.scopus.com/inward/record.url?eid=2-s2.0-56449086276&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20general%20dimension%20reduction%20technique%20for%20derivative%20pricing&publication_year=2006&author=J.%20Imai&author=K.S.%20Tan
https://doi.org/10.21314/JCF.2002.088
https://www.scopus.com/inward/record.url?eid=2-s2.0-0013255696&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Pricing%20Asian%20and%20basket%20options%20via%20Taylor%20expansion&publication_year=2002&author=N.%20Ju

:= Outline m@ Download Share Export

J o s rans U as 5 = ey i\ O\ T oY)y PP e e

Article  ff) Download PDF  View Record in Scopus  Google Scholar

Klassen, 2001 T.R. Klassen
Simple, fast, and flexible pricing of Asian options
Journal of Computational Finance, 4 (3) (2001), pp. 89-124

CrossRef  View Record in Scopus ~ Google Scholar

Lapeyre and Temam, 2001 B. Lapeyre, E. Temam
Competitive Monte Carlo methods for the pricing of Asian options
Journal of Computational Finance, 5 (1) (2001), pp. 39-58
CrossRef  View Record in Scopus ~ Google Scholar

Lévy, 1992 E. Lévy
Pricing European average rate currency options
Journal of International Money and Finance, 11 (5) (1992), pp. 474-491
Article  f) Download PDF  View Record in Scopus ~ Google Scholar

Mehrdoust, 2015 F. Mehrdoust
A new hybrid Monte Carlo simulation for Asian options pricing
Journal of Statistical Computation and Simulation, 85 (3) (2015), pp. 507-516
CrossRef  View Record in Scopus ~ Google Scholar

Milevsky and Posner, 1998 M.A. Milevsky, S.E. Posner
Asian options, the sum of lognormals, and the reciprocal gamma distribution
Journal of Financial & Quantitative Analysis, 33 (3) (1998), pp. 409-421
CrossRef  Google Scholar

Miiller, 2016 A. Miiller
Improved variance reduced Monte-Carlo simulation of in-the-money options
Journal of Mathematical Finance, 6 (3) (2016), pp. 361-367
CrossRef  View Record in Scopus ~ Google Scholar

Nelken, 1996 1. Nelken
The handbook of exotic options: Instruments, analysis, and applications
Trwin (1996)
Google Scholar

Nielsen and Sandmann, 2003 J.A. Nielsen, K. Sandmann
Pricing bounds on Asian options
Journal of Financial and Quantitative Analysis, 38 (2) (2003), pp. 449-473
CrossRef  View Record in Scopus ~ Google Scholar

Ritchken et al., 1993 P. Ritchken, L. Sankarasubramanian, A.M. Vijh
The valuation of path dependent contracts on the average
Management Science, 39 (10) (1993), pp. 1202-1213


https://www.sciencedirect.com/science/article/pii/0378426690900395
https://www.sciencedirect.com/science/article/pii/0378426690900395/pdf?md5=12f4b72c7516708871e9e340b8e57f5a&pid=1-s2.0-0378426690900395-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-0001323268&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20pricing%20method%20for%20options%20based%20on%20average%20asset%20values&publication_year=1990&author=A.G.Z.%20Kemna&author=A.C.F.%20Vorst
https://doi.org/10.21314/JCF.2001.067
https://www.scopus.com/inward/record.url?eid=2-s2.0-0002657570&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Simple%2C%20fast%2C%20and%20flexible%20pricing%20of%20Asian%20options&publication_year=2001&author=T.R.%20Klassen
https://doi.org/10.21314/JCF.2001.061
https://www.scopus.com/inward/record.url?eid=2-s2.0-0142045440&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Competitive%20Monte%20Carlo%20methods%20for%20the%20pricing%20of%20Asian%20options&publication_year=2001&author=B.%20Lapeyre&author=E.%20Temam
https://www.sciencedirect.com/science/article/pii/026156069290013N
https://www.sciencedirect.com/science/article/pii/026156069290013N/pdf?md5=05ec1d5fe7a1dc46180ec44dd322bd27&pid=1-s2.0-026156069290013N-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-0000001137&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Pricing%20European%20average%20rate%20currency%20options&publication_year=1992&author=E.%20L%C3%A9vy
https://doi.org/10.1080/00949655.2013.827681
https://www.scopus.com/inward/record.url?eid=2-s2.0-84909988248&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20new%20hybrid%20Monte%20Carlo%20simulation%20for%20Asian%20options%20pricing&publication_year=2015&author=F.%20Mehrdoust
https://doi.org/10.2307/2331102
https://scholar.google.com/scholar_lookup?title=Asian%20options%2C%20the%20sum%20of%20lognormals%2C%20and%20the%20reciprocal%20gamma%20distribution&publication_year=1998&author=M.A.%20Milevsky&author=S.E.%20Posner
https://doi.org/10.4236/jmf.2016.63029
https://www.scopus.com/inward/record.url?eid=2-s2.0-85064261955&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Improved%20variance%20reduced%20Monte-Carlo%20simulation%20of%20in-the-money%20options&publication_year=2016&author=A.%20M%C3%BCller
https://scholar.google.com/scholar_lookup?title=The%20handbook%20of%20exotic%20options%3A%20Instruments%2C%20analysis%2C%20and%20applications&publication_year=1996&author=I.%20Nelken
https://doi.org/10.2307/4126759
https://www.scopus.com/inward/record.url?eid=2-s2.0-0038801737&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Pricing%20bounds%20on%20Asian%20options&publication_year=2003&author=J.A.%20Nielsen&author=K.%20Sandmann

:= Outline m@ Download Share Export

The value of an Asian option
Journal of Applied Probability, 32 (4) (1995), pp. 1077-1088
CrossRef  Google Scholar

Vecer, 2001 Jan Vecer
A new PDE approach for pricing arithmetic average Asian options
Journal of Computational Finance, 4 (4) (2001), pp. 105-113
CrossRef  View Record in Scopus ~ Google Scholar

Vorst, 1992 T. Vorst
Prices and hedge ratios of average exchange rate options
International Review of Financial Analysis, 1 (3) (1992), pp. 179-193
Article  f) Download PDF  View Record in Scopus ~ Google Scholar

Zhang, 2003 J.E.Zhang
Pricing continuously sampled Asian options with perturbation method
Journal of Futures Markets, 23 (6) (2003), pp. 535-560
View Record in Scopus ~ Google Scholar

Zvan et al.,, 1999 R. Zvan, P. Forsyth, K. Vetzal
Discrete Asian barrier options
Journal of Computational Finance, 3 (1) (1999), pp. 41-67

CrossRef  View Record in Scopus ~ Google Scholar

There is no in the money scenario in Glasserman et al. (1999).
There is no in the money scenario in Glasserman et al. (1999).

View Abstract

© 2019 Elsevier Inc. All rights reserved.

@28

i Remote access
ELSEVIER

4

& About ScienceDirect
f%

Shopping cart
Advertise

Contact and support
Terms and conditions

Privacy policy


https://doi.org/10.1287/mnsc.39.10.1202
https://www.scopus.com/inward/record.url?eid=2-s2.0-0001040788&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=The%20valuation%20of%20path%20dependent%20contracts%20on%20the%20average&publication_year=1993&author=P.%20Ritchken&author=L.%20Sankarasubramanian&author=A.M.%20Vijh
https://doi.org/10.1017/S0021900200103559
https://scholar.google.com/scholar_lookup?title=The%20value%20of%20an%20Asian%20option&publication_year=1995&author=L.%20Rogers&author=Z.%20Shi
https://doi.org/10.21314/JCF.2001.064
https://www.scopus.com/inward/record.url?eid=2-s2.0-0005360031&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=A%20new%20PDE%20approach%20for%20pricing%20arithmetic%20average%20Asian%20options&publication_year=2001&author=Jan%20Vecer
https://www.sciencedirect.com/science/article/pii/105752199290003M
https://www.sciencedirect.com/science/article/pii/105752199290003M/pdf?md5=3cb10ddcf406d32f9c780877339fe8b9&pid=1-s2.0-105752199290003M-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-38249015902&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Prices%20and%20hedge%20ratios%20of%20average%20exchange%20rate%20options&publication_year=1992&author=T.%20Vorst
https://www.scopus.com/inward/record.url?eid=2-s2.0-0037410450&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Pricing%20continuously%20sampled%20Asian%20options%20with%20perturbation%20method&publication_year=2003&author=J.E.%20Zhang
https://doi.org/10.21314/JCF.1999.036
https://www.scopus.com/inward/record.url?eid=2-s2.0-0003050279&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Discrete%20Asian%20barrier%20options&publication_year=1999&author=R.%20Zvan&author=P.%20Forsyth&author=K.%20Vetzal
https://www.sciencedirect.com/science/article/abs/pii/S1062940818305825
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy

{= Outline '@ Download Share Export

ScienceDirect ® is a registered trademark of Elsevier B.V.

& RELX™


https://www.elsevier.com/legal/privacy-policy
https://www.sciencedirect.com/legal/use-of-cookies
https://www.relx.com/

