
Fundamental and technical analysis of

financial markets

PhD Thesis

Balázs Torma

Supervisor: László Gerencsér, DSc
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Introduction

Understanding the working mechanisms of financial markets is crucial to ensure the sta-

bility of domestic and global economies. Market participants vary highly with respect to

their financial motivation, capital endowment, and their trading activity is often subject

to different regulation. Agent-based computational finance (ACF) models provide a means

to account for this heterogeneity, inasmuch they incorporate detailed descriptions of agent

behaviors and economic processes.

An important application of ACF models is to investigate unobservable economic pro-

cesses based on observed data. The difficulties in applying ACF models for inference about

economic variables are due to their complexity. In order to make inference feasible, an-

alytically tractable agent-based models have been developed recently, see Boswijk et al.

(2007); Kozhan and Salmon (2009). The price to pay for tractability is that these models

are very abstract, include highly aggregated variables or impose unrealistic conditions - in

short, they neglect important characteristics of markets. Consequently, empirical results

that we get by fitting these simple models to data can be interpreted economically within

limited scope, see e.g. Amilon (2008).

In this thesis I propose a detailed ACF model and develop statistical algorithms based

on analytically tractable technical (econometric) models. Furthermore, I apply technical

models for analysing some of the key economic factors entering the ACF model. The main

mathematical tool of the statistical analysis is model identification by Maximum Likelihood

Estimation, see Ljung and Söderström (1983); Benveniste et al. (1990); Spall (2003). A

novel local optimization algorithm is developed for efficient off-line identification. I also

develop real-time recursive identification algorithms and change-point detection algorithms

for some important technical models.

Main Contributions

Thesis 1: Change detection in fundamental models using technical

models

In ACF models the market is generally composed of two types of agents: chartists and

fundamentalists. Chartists predict future stock prices by extrapolating current trend,
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while the belief of fundamentalists about future stock prices is affected by the information

they receive on the company at hand. Assuming a fixed behavior pattern for individual

agents of a given type, modulo random choices, the market structure is then defined as

the distribution of relative wealth among the two groups of agents. In the pioneering

work of Kirman (1995), Brock and Hommes (1998) and Lux (1998) market fractions of

chartists and fundamentalists evolve endogenously driven by past profitability of these two

strategies. Thus, these models suggest that future expectations depend only on profits

realized in the past. In the proposed model we allow future expectations to depend on

exogenous effects as well and make the market fractions of chartists and fundamentalist a

model parameter.

Since the reaction to news generates further news, we model the information arrival

process as a self-exiting point process.

• I propose a detailed fundamental stock market model which extends well-established

concepts of agent-based computational finance with a novel element for information

arrival processes, which is modelled by a discrete time version of Hawkes processes,

see Hawkes (1971). Numerical experiments show that in contrast to classical ACF

models, stylized facts, such as volatility clustering and fat tails of return distributions,

emerge even by constant market fractions of chartists and fundamentalists.

The ACF model is further validated using a widely accepted technical model, the

General Autoregressive Heteroscedastisity (GARCH) model, see Engle (1982); Bollerslev

(1986), defined as

rt =
√

htεt,

ht = σ0 + ϕr2t−1
+ ψht−1,

with log-returns rt, independent εt ∼ N(0, 1) and real parameter vector ϑ = (σ0, ϕ, ψ)
T
.

A monotonic relationship between the market structure and the parameters of the

best-fitting GARCH(1,1) model has been established:

• Numerical experiments show that ϕ̂ increases when the fraction of chartist increases,

ψ̂ increases when the fraction of fundamentalists increases, where ϕ̂, ψ̂ denote

GARCH(1,1) parameters fitted to the time series generated by the ACF model.
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The above relationship motivates to apply GARCH(1,1) for indirect statistical inference

on the market structure. The use of GARCH models for detecting changes in the market-

structure is justified by a general principle, stating that change detection is feasible using

misspecified models, see Basseville and Nikiforov (1993).

• A new real-time change detection method for GARCH processes is presented along

the lines of Gerencsér and Baikovicius (1991, 1992) based on the MDL (Minimum

Description Length) approach. The change detection algorithm contains a new stand-

alone efficient recursive GARCH estimation component. Numerical experiments show

that the algorithm is capable of detecting changes in market fractions of the ACF

model. Change-alarms based on real data have been reported.

An economic interpretation of the GARCH-based change alarms has been given based

on the qualitative relationship between market fractions and the GARCH model:

• Conditions are discussed under which the GARCH-based change detection algorithm

detects the change in the market fractions.

A manuscript will soon be submitted for journal publication. The manuscript on the

recursive GARCH estimation algorithm has been accepted publication, see Gerencsér et al.

(2010).

Thesis 2: Efficient off-line model identification

We fit a GARCH model by quasi Maximum Likelihood Estimation on the time series

generated by the ACF model, first in an off-line manner. The GARCH parameter es-

timation yields a nonlinear nonconvex optimization problem, which is well-known to be

ill-conditioned.

The general optimization problem can be formulated as follows:

min
x∈S

f(x),

where f : S → R is a twice continuously differentiable function with an optimal point x∗

inside S, where S ⊂ R
n is given by bound constraints.
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• I propose a new hybrid optimization method which combines the advantages of de-

scent methods and cutting plane approaches. The method is tested on convex func-

tions, least squares problems and on GARCH parameter estimation by comparing its

performance to well-known methods. Numerical experiments show that the proposed

method converges on all the examined problem types and performs in average much

better than the benchmark methods.

The method gets fast to near-optimal region by using cutting planes and preserves the

good convergence properties of descent methods near the optimum. From the numerical

tests we can conclude that the method is not sensitive to the initial value x0 and the size

of the initial polyhedron S. The method is quite robust against local minima and maxima

in the noisy objective function.

Scientific results related to this thesis are published in Torma and G.-Tóth (2010).

Thesis 3: Modelling information arrival processes

Herding among financial analysts results in a self-exciting phenomenon, see e.g. Welch

(2000): announcements and news about a company trigger analysts to follow that com-

pany, and thus increase its analyst coverage. This, in turn, results in further analysts’

announcements about the given company. We capture this heuristics by self-exciting point

processes.

• For modelling the dynamics of information arrival, I propose Hawkes processes in

which the feedback path is defined by a finite dimensional linear system. I propose

algorithms for the simulation and efficient real-time estimation of this type of Hawkes

processes. The convergence of the estimation method is shown in numerical experi-

ments.

The proposed Hawkes process is a point process N(t) with intensity λ(t) satisfying the

linear state equations

dx(t) = −Ax(t)dt + bdN(t),

λ(t) = cTx(t−) +m,
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with matrix A, vectors b, c and scalar m, such that the stability condition holds, i.e.

cTA−1b < 1.

In this model the state vector x represents analysts’ activity.

I investigated the Fisher information matrix of the estimation problem in the standard

Hawkes model, in which a = A, σ = bc, m are scalar parameters. In this case the stability

condition simplifies to σ < a.

• The asymptotic Fisher information with respect to a, σ goes to infinity, the asymp-

totic Fisher information with respect to m goes to 0 as the parameters approach the

boundary of the stability domain, i.e. as a − σ → 0. The appropriately rescaled

intensity converges in distribution to the gamma law Γ 2m

σ0
, 2

σ
2
0

, as a and σ approach σ0

such that σ < a.

Scientific results related to this thesis are published in Gerencsér et al. (2008b); Prokaj

and Torma (2010).

Thesis 4: Regression analysis based on high-frequency data

A general property of security prices, such as stock prices is that the price is some integer

multiple of the so-called minimum price increment or tick-size, say h. For example, on

the NASDAQ stock exchange, h = 0.01$. The need for a minimum price increment is

a consequence of pricing algorithms applied on the exchanges, as they aggregate demand

and supply on equidistant price levels, where the distance of two consecutive price levels

is h. Thus we can interpret the market price as a price observed under aggregation.

The aggregation in this form is also called quantization. The loss of information due to

quantization is especially high when h is large relatively to the price volatility. This is the

case when dealing with high-frequency data, that is, the price process is sampled at a high

frequency, 100 times a second, say. The analysis of order book data, such as exploring

relationships between the price dynamics and order quantities at various price levels, has

gained high attention recently.

Motivated by the above application I investigated the regression problem of reconstruct-

ing the coefficient vector ϑ∗
∈ IRd of the finite-valued regressor process (ψ) = ψn ∈ IRd
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when measured with additive Gaussian noise, followed by quantization. I.e. the observed

values are of the form

yn = q(ψT
nϑ

∗ + en),

where en is an independent identically distributed Gaussian sequence with mean 0 and

variance σ2 = (σ∗)2. A scalar quantizer q is defined as a mapping from IR to a discrete,

finite or countable set Y ⊂ IR, representing the so-called quantization levels, assigning to

each x ∈ IR its quantized version y = q(x).

• I propose a new efficient recursive algorithm for estimating the coefficients of a lin-

ear regression from quantized observations, when the regressor is finite-valued. The

convergence of the method is shown in numerical experiments.

The algorithm applies Expectation Maximization and Markov Chain Monte Carlo tech-

niques.

Scientific results related to this thesis are published in Gerencsér et al. (2008a).
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Gerencsér, L., Matias, C., Vágó, Z., Torma, B., Weiss, B., 2008b. Self-exciting point processes with appli-

cations in finance and medicine. In proceedings of The 18th International Symposium on Mathematical

Theory of Networks and Systems, Blacksburg, Virginia, USA.

Gerencsér, L., Orlovits, Z., Torma, B., 2010. Recursive estimation of GARCH processes. The 19th Interna-

tional Symposium on Mathematical Theory of Networks and Systems, Budapest, Hungary, forthcoming.

Other Publications

Kurucz, M., Benczúr, A., Kiss, T., Nagy, I., Szabó, A., Torma, B., 2007. KDD Cup 2007 Task 1 Winner

Report, SIG-KDD Explorations 9(2), 53–56.

Gerencsér, L., Manno, S., Torma, B. 2010. Reconstruction of sound from a phonograph cylinder using

non-contact photographic metrology, Journal of the Audio Engineering Society, due to submit.

7



References

Amilon, H., 2008. Estimation of an adaptive stock market model with heterogeneous agents. Journal of

Empirical Finance 15 (2), 342 – 362.

Basseville, M., Nikiforov, I., 1993. Detection of Abrupt Changes: Theory and Application. Prentice Hall.

Benveniste, A., Métivier, M., Priouret, P., 1990. Adaptive algorithms and stochastic approximations.

Springer-Verlag, Berlin.

Bollerslev, T., 1986. Generalized autoregressive conditional heteroscedasticity. Journal of Econometrics

31 (3), 307–327.

Boswijk, P., Hommes, C., Manzan, S., 2007. Behavioral heterogeneity in stock prices. Journal of Economic

Dynamics and Control 31, 1938–1970.

Brock, W. A., Hommes, C. H., 1998. Heterogeneous beliefs and routes to chaos in a simple asset pricing

model. Journal of Economic Dynamics and Control 22, 1235–1274.

Engle, R. F., 1982. Autoregressive conditional heteroscedasticity with estimates of the variance of united

kingdom inflation. Econometrica 50 (4), 987–1007.

Gerencsér, L., Baikovicius, J., 1991. Change-point detection using stochastic complexity. identification and

system parameter estimation. Selected papers from the 9th IFAC-IFORS Symposium on Budapest 1,

73–78.

Gerencsér, L., Baikovicius, J., 1992. Change-point detection as model selection. Informatica 3, 3–20.

Hawkes, A., 1971. Spectra of some self-exciting and mutually exciting point processes. Biometrika 58,

83–90.

Kirman, A., 1995. The behaviour of the foreign exchange market. Bank of England Quarterly Bulletin 15,

286–293.

Kozhan, R., Salmon, M., 2009. Uncertainty aversion in a heterogeneous agent model of foreign exchange

rate formation. Journal of Economic Dynamics and Control 33 (5), 1106 – 1122.
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