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1. Approximations for ruin probabilities in insurance risk theory

The (infinite-time) ruin probability can be regarded as a measure of the risk associated to an
insurance company. Unfortunately, even in the simplest case of the compound Poisson risk
model, closed-form expressions only exist under certain claim severity distributions. This
project aims at studying various approximation methods for ruin probability, which include, for
example, De Vylder approximation, Tijms’ approximation and Dickson-Waters’ discretization
method. Finite-time ruin probabilities will also be discussed. The student is assumed to be
familiar with software packages such as Mathematica, Maple or Matlab.

Supervisor: Dr. Eric C.K. Cheung, Department of Statistics and Actuarial Science (MW502J)
(eckc@hku.hk)

2. Copulas in risk management

Copulas are functions that join multivariate distribution functions to their one-dimensional
marginal distribution functions. The student who takes this project is expected to study the basic
theory of copula and some of its applications in risk management. All the related literature will
be provided.

Supervisor: Dr. K.C. Cheung, Department of Statistics and Actuarial Science (MW522)
(kccg@hku.hk)

3. Hshares and A shares

Many Chinese companies in China are dual-listed in Hong Kong and China (Shanghai or
Shenzhen) by issuing H shares and A shares respectively, with price discrepancies having been
found between them. The student who takes this project is expected to study the relationship
between the movements of H shares and A shares, taking into account various economic factors.

Requirement: Knowledge of financial markets and SAS programming.

Supervisor: Dr. K.S. Chong, Department of Statistics and Actuarial Science (MW504)
(kschong@hku.hk)
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4. Analysis of Card Counting Strategies in Casino Games

Card counting is the process of tracking the live cards played in a card game in order to
determine when the deck is in favor of the player and hence when the player should increase the
bet size. Since its development in the 1950’s, the card counting strategy has been known to be
capable of effectively increasing the player’s edge in some casino games, especially blackjack.
In this project, students will be asked to perform mathematical analysis on some selected casino
games and explore different existing card counting strategies using Monte Carlo simulations.
Students are also encouraged to design new card counting systems; or suggest modifications to
the game rules to prevent card counters from profiting.

Requirement: Knowledge in programming language like FORTRAN or C+ is a MUST.

Supervisor: Dr. Y.K. Chung, Department of Statistics and Actuarial Science (MW504)
(yukchung@hku.hk)

5. Analysis of DNA profiling data

DNA profiling has become a very powerful method for forensic human identification since its
inception in 1985. It is regarded as one of the most important discoveries in forensic science
since the introduction of fingerprinting. In this project, the student will learn some basic
background in genetics and DNA profiling. The student will investigate some recent problems in
DNA profiling.

Supervisor: Prof. W.K. Fung, Department of Statistics and Actuarial Science (MW523)
(wingfung@hku.hk)

6. Applications of influence curve

The identification of influential observations starts from the regression framework. One popular
approach is the influence curve method. The influence curve is essentially the first derivative of
an estimator, viewed as functional, at some distribution. It can be used to study several local
robustness properties which are defined and intuitively interpreted. This project is a revision of
the existing applications of influence curve for various statistical models.

Requirement: Knowledge of programming in SAS, FORTRAN or C++ is essential.

Supervisor: Dr. C.W. Kwan, Department of Statistics and Actuarial Science (MW508)
(cwkwan@hku.hk)
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7. Analysis of correlated zero-inflated count data

In many medical and public health investigations, the count data encountered often exhibit an
excess of zeros, and very frequently this type of data are collected on clusters of subjects or by
repeated measurements on each subject. For example, in the analysis of medical expenditure,
members in the same family may exhibit some correlation possibly due to housing locality,
genetic predisposition, similar dietary and living habit. Ignoring such correlation may lead to
misleading statistical inference. This project will survey the models and methods in the literature
and apply them to a real data set.

Requirement: Knowledge in programming language like FORTRAN or C++.

Supervisor: Dr. Eddy K.F. Lam, Department of Statistics and Actuarial Science (MW519)
(hrntikf@hku.hk)

8. Statistical analysis of film style

The Hollywood blockbuster "Poltergeist” is a horror movie made in 1982. Although the official
credit had named Tobe Hooper as the director, it has long been held that the film was actually
directed by its producer Steven Spielberg. Statistical analyses had been carried out a few years
ago to find out the truth, signifying an interesting application of statistics in the area now called
"cinemetrics". This project explores the use of different statistical methods for studying film
styles based on distributions of shot lengths, with the aid of an online software for data
collection.

Supervisor: Prof. Stephen M.S. Lee, Department of Statistics and Actuarial Science (MW528)
(smslee@hku.hk)

9. Bootstrap approximation in time series modeling

The traditional time series modeling and further inference are based on the normality assumption
or large enough sample size. In the real applications, the normality may be broken and the
results may not be accurate for the moderate or small sample sizes. The bootstrap is a
computer-intensive method, and the information in the real data is repeatedly used. Hence it
may provide more accurate results. This project hopefully can train students for some
bootstrap methods to dependent data, and some knowledge of computer languages such as
FORTRAN or C is required since a little more computation will be involved.

Supervisor: Dr. G. Li, Department of Statistics and Actuarial Science (MW502H)
(gdli@hku.hk)
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10. Technical pattern identification of Stock Market

As a technical analyst of stock market, identification of chart pattern is an essential procedure
before any forecasting procedure of stock price. In this study, chart patterns of selected stocks
and markets will be investigated. Since pattern identification may not be a straightforward
procedure throughout the process, intensive application of statistical or data mining techniques
may be considered.

Requirement: Knowledge of financial markets and R programming.

Supervisor: Dr. Gilbert C.S. Lui, Department of Statistics and Actuarial Science (MW506)
(csglui@hku.hk)

11. Risk Analysis of Mandatory Provident Fund and Universal Retirement Scheme

Mandatory Provident Fund (MPF) has been in place in Hong Kong for more than ten years. During
this period, the system has been affected by various factors such as reluctance of participation,
downturn in investment market and high levels of administration fees. In recent years, several
political groups have promulgated the establishment of Universal Retirement Scheme (URS). In this
project, the student will analyze the risk factors affecting these two types of retirement security
programs. The student is expected to collect information relating to MPF and URS in Hong Kong
and other jurisdictions. The end result should be a comparison of the levels of retirement income
under various scenarios.

Supervisor: Dr. Louis F. K. Ng, Department of Statistics and Actuarial Science (MW505)
(flouisng@hku.hk)

12. The Bayesian Paradigm of Inference and Prediction

One of the recent trends in statistics development is that the frequentist approach advocated by Sir
R.A. Fisher has become old-fashioned as evidenced by its being called the “classical approach,”
while the Bayesian approach is viewed as the modern approach. This study will involve the
admitted student (a) to go through the early history of both approaches, (b) to appreciate the
differences in inference and prediction between the two approaches and, if any, the inherent
problems, and (c) to explore the possible ways of verifying the validity of meaning for each
approach. The student is expected to search literature and to understand to a certain extent so that
he/she can explain in writing to people about the points listed above.

Supervisor: Prof. K.W. Ng, Department of Statistics and Actuarial Science (MW525)
(kaing@hku.hk)
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13. Sample surveys with sensitive questions by non-randomized response techniques

In epidemiological, medical, public health, psychological and sociological surveys, investigators
may require to solicit information on sensitive or highly personal questions such as sex, abortion,
illegitimate birth, AlDs, illegal betting, shoplifting, drug-taking, tax evasion, annual income, family
violence, students' cheating behavior and so on. When sensitive questions are asked directly, some
respondents may refuse to answer; even worse, they might provide wrong answers to maintain
privacy. To overcome the aforementioned difficulty, Warner (1965, JASA) proposed a so-called
randomized response (RR) technique that allows investigators to obtain sensitive information while
protecting privacy of respondents. Since the introduction of the Warner model, voluminous work
related to the RR technique has been developed in various directions over the past 45 years. Despite
these advances, all RR models have the following limitations: (1) a lack of reproducibility (i.e., the
same respondent is expected to give the same answer by the design if the survey is conducted again);
(1) a lack of trust from the interviewees because randomization device (RD) is controlled by
interviewer; and (111) a higher cost due to the use of RDs.

In the past several years, to address some of these issues, without using any RDs some researchers
have developed several non-randomized response (NRR) techniques including the crosswise design,
the triangular design, and the parallel design for a single sensitive question with a binary outcome.
In this project, the admitted candidates are expected to (i) collect real data in Hong Kong for a
specific sensitive topic using the three models, (ii) to compare their performances, and (iii) to
analyze these data by using likelihood-based method and Bayesian method via R program.

Supervisor: Dr. Gary G.L. Tian, Department of Statistics and Actuarial Science (MW520)
(gltian@hku.hk)

14. Investigation of Semi-Static Hedging for Exotic Options

In the context of option pricing theory, two popular hedging methods are dynamic hedging and
static hedging, in which both methods have their own merits and limitations. Kolkiewicz and
Liu (2012) proposed a so-called semi-static hedging method for the Guaranteed Minimum
Withdrawal Benefit (GMWB) in variable annuities. It is of interest to investigate the
effectiveness of this hedging strategy for other exotic options. Students are expected to have
some background knowledge in some path-dependent options. In this project, students will study
the theoretical framework of relative issues and will conduct simulation studies to investigate the
performance of the semi-static hedging method.

Requirement: Knowledge in programming language like Mathematica, MATLAB or R.

Supervisor: Dr. K.P.Wat, Department of Statistics and Actuarial Science (MW529)
(watkp@hku.hk)
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15. Investigation of Non-normality in a Simple Errors-in-variables Model

In a classical linear regression model, it is usually assumed that the predictive variable is not
subject to any kind of random error. However, it is not always true in many applications. In
addition, it is also a common practice to assume that the error in the regression model is
normally distributed. Unfortunately, we may often find that most real data sets do not really
exhibit such nice properties. In this project, student will investigate the non-normality situation
where the errors in a regression model exist. Computer programming skill is required.

Requirement: Strong knowledge in computer programming and statistical simulation technique
IS a must.

Supervisor: Dr. Raymond W.L. Wong, Department of Statistics & Actuarial Science (MW511)
(rwong@hku.hk)

16. Applications to risk theory with a class of Erlang mixures

It is known that a variety of distributions are of mixed Erlang type, in which case computational
formula exists for many quantities of interests in risk theory. In this project, the student studies
distributional properties of the class of Erlang mixtures as well as various risk theoretic
applications including analysis of insurer's surplus process and discounted aggregate claims. In
particular, the student is assumed to possess computational skills and statistical background to
apply the methods of Lee and Lin (2010) who studied fitting of Erlang mixtures to data by using
the EM algorithm and parameter reduction techniques.

Supervisor: Dr. J.K. Woo, Department of Statistics & Actuarial Science (MW530)
(jkwoo@hku.hk)

17. Insurance Risk
In this project, the student will study the following topics: Probability distributions, utility theory,
principles of premium calculation, the individual and collective risk models, and basic ruin

theory.

Supervisor: Prof. H. Yang, Department of Statistics & Actuarial Science (MW526)
(hlyang@hku.hk)
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18. Analysis of large data sets: new tools from random matrix theory

Large data sets refer to data where the number of variables, or data dimension say p, is large
compared to the sample size, say n. Modern statistical problems involve frequently such large
data sets from various fields like genomic data analysis, financial portfolio optimization or
design of wireless communication networks. For example in a genomic micro-array, p is
several thousands and n several hundreds. Classical multivariate statistical tools dramatically fail
to analyse these large data sets: either there are not applicable any more or lack efficiency.

New tools have emerged recently from the theory of random matrices. Most of them are based
on the distribution of eigenvalues of sample covariance matrices which are computable from the
data. Classical tools like Hotelling T? (tests on the mean), testing of generalized linear
hypothesis (for regression or MANOVA) have been corrected or adapted to cope with large data
sets. The theory behind is appealing and applications to large-dimensional data analysis are
significant.

In this project, the student will i) learn some fundamental theorems from the theory of random
matrices; ii) learn some new statistical tools developed recently; iii) start some own thinking
about unsolved problems or perform some simulation experiments in order to get a deeper
understanding of these results. | have included below an expository paper on the subject for a
first introduction.

First reading:
Z.D. BAI (2005). High dimensional data analysis. COSMOS, \ol. 1, No. 1, 17-27.
(downloadable from: http://web.hku.hk/~jeffyao/Bai-cosmos-05.pdf)

Supervisor: Dr. J.F. Yao, Department of Statistics & Actuarial Science (MW502G)
(jeffyao@hku.hk)
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19. Group Sequential Methods

Conventional clinical trial designs typically determine the total sample size in advance and only perform
one final analysis after all the data are collected according to the planned sample size. These methods are
rigid and lack flexibility. By contrast, group sequential methods are much more flexible, which
regularly examine the efficacy data over administratively convenient intervals, and also monitor possible
futility stopping along the course of the study (Jennison and Turnbull, 2000). Students will explore
and compare different group sequential methods. Extensive R programming and simulations
are needed.

Requirement: Programming in R.

Supervisor: Dr. G. Yin, Department of Statistics and Actuarial Science (MW502E)
(gyin@hku.hk)

20. Liquidity Risk Measurement

This project will review the methods of measuring liquidity risk and their applications to analyze
the market microstructure.

Supervisor: Dr. Philip L.H. Yu, Department of Statistics and Actuarial Science (MW521)
(plhyu@hku.hk)

21. Resampling Tests for Comparing k Cumulative Incidence Functions in a Competing
Risks Model

In the competing risks framework, an individual is exposed to k risks, but the actual cause of
failure is due to only one of the risks. It is of great interest to examine whether there are
possible differences in mortality from different causes of failure. In this project, resampling
methods for comparing k risks in a competing risks model are studied.

Supervisor: Prof. K.C. Yuen, Department of Statistics and Actuarial Science (MW531)
(kcyuen@hku.hk)
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22. Tests of extremal index based on inter-exceedances

The inter-exceedance times of a time series will be studied. Based on this, some test statistics of
the extremal index are developed. Properties of the test statistics such as the distributions and
powers are studied using theoretical and simulation methods. Real examples are also studied.

Requirement: Knowledge in programming language like FORTRAN or SAS is a MUST.

Supervisor: Dr. Z. Zhang, Department of Statistics and Actuarial Science (MW511)
(zhangz08@hku.hk)
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