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Abstract. Knowledge of dynamic properties of processes, that take place in finance is
important in applications for derivatives pricing and risk control. The widely used Black and
Scholes Theory assumes geometric Brownian motion of underlying asset price. However, an
attempt to provide a model, which better describes price movements often leads to
impossibility of studying the resuits analytically. Approach, which uses imitational models to
study the dynamics in a complex system is a promising one. This paper presents the imitational
model of the financial market, which is agent based, and provides a posibility to apply pattern
recognition algorithms to build and calibrate a decision making support system in the financial
market.

Stochastic models in finance

The basis of the widely studied and used Black and Scholes Theory is the
assumption, that
movements of market prices can be described by Geometric Brownian Motion

SO it + W 1), )
(1)

where W¢t) - Brownian motion.

This model was a breakthrough in the financial analysis and engineering of
derivatives, and was studied thoroughly. Several improvements and generalization of this
process were proposed, and studied. The key parameters in this model are drift and
volatility. The compound theory of derivatives pricing bases on this formula.

Imitational micromodel

The derivation of Random Walk formula applied to financial time series is based
on the assumption of market efficiency. Random Walk means that price increments at
different times As(¢),...,As(t —n) are independent and identically distributed random
variables. Many derivative pricing and portfolio selection problems, can be solved
analytically. It’s simplicity is also the reason of the model’s drawbacks. The attempts to
make the model more suitable for real data result in mathematical equations, that can not
be simplified and solved analytically. For example more real is the case, that decisions of
market participants depend on the past price development. This is the case, because many
of them use technical analysis for their decision making.

As() = fl@,s(¢ ~1),..., s(t =) (2)
Analytical form of f is unknown, and is better described by the pattern selection and
matching process in technical analysis. If historical price movement matches technical
pattern, which forecasts price increase, then As(#) > 0 is the more likely outcome.
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To better study and understand the underlying market dynamics the imitational
model is proposed, .which implements the price calculation algorithm, based on the
processing of many orders from various market participants. The participants are modelled
to make their decisions, basing on the historic market movements, they search for the
predefined patterns, and make their investment decisions accordingly. The model is
implemented in java programming language, which is chosen because of the simplicity to
write big projects and reuse the code.

Model of market agent

Agent is capable of investing money into one product, or he can have money as
cash. He is described by the state vector (p'(¢),c’(f)) and parameters (1,C), where p’ (1)
- number of products, he possesses p'(f)20, ¢'(t} - cash available for further
investments, p’(0)=0,¢'(0) =0, C>0 - credit line: ¢'(f) > ~C . At times (#],1},...), with
Aty =t;,, —t; , modelled with exponential distribution with parameter A, agent 4, is
active. He analyzes the Matrix of historical prices:
P(t) = [ fietn

N _
}, where s, is product price at time ¢, f; <t, (f),...1,)= ui(t{,...,ti), S0,
=

15
that ¢, <t, . His analysis of this matrix should result into a decision to do nothing or into
an order 0 =(a, Prins Pmaxs st > feng )» Which numerically reflects his willingness to buy

or sell one product. The order should only be performed, if price lays between
(Puins Pmax ) » @nd date restrictions are satisfied.

Agent tries to recognise a defined pattern in price movements by using correlation
coeficient in integral form. The integrals are calculated numerically.

T
[(r-axgw)-bar
re = - : ()
\/f(f(f)—a)zdr f(g(f)—b)zdr
0 ¢

T T
where a= I Sydr n b= Ig(t)dt, f(t) - price, g(¢t) - pattern. The pattern can be
0 0

stretched in accordance with studied time frame.
Price calculation

The order is then conducted into orderbook which is cleared according to the
algorithm described in and price is calculated. The algorithm is restricted to basic
ordertype “Limit Order” with time and price limitations.
Orders are placed and stored in the orderbook (b,,..,0,,5,,...s ), before they can be
matched, b means buy orders, s — sell orders. Reference price is the price of the last deal.
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When new buy order b

complies with conditions:
1. time and price compliance:

S'={s€{s;} | (Phin>Plax YO (Phin  Pix )2 &,
and (#5010 ) Ny 1300) # B),

2. price priority pp, =min pp,.
FE

n+t

3. if there are several of those, time priority is essential
Matched price is derived from the condition

Prew = argmm ‘P_poldl
Pe(pd i P DS i Poa)

Computational experiments

Following 3 experiments were conducted:
1. N,=0, Np=200
2. N, =6, Np=194
3. N,=9, Ny=191

arrives, algorithm searches {s }and chooses an order which

®

where N, - number of agents, taking random decisions, N ,- number of agents, taking

decisions in accordance with technical pattern recognition on figure 1.

i

Fig. 1 Pattern for recognition

This pattern represents slowing of price increase, with future possible trend
reversal. In the computational experiments several parameters can be varied, A- agent
activity, 7 - average time of order validity, number of agents of different types, agent credit
line and product restrictions, time frame for analysis, algorithm for risk control. When
changing A for each agent in same proportion, process is stretched along time axis. When
increasing 7 chart becomes smoother. Figure 2 shows the results of interactions of Random

Agents.
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Fig. 2 Price movements with random agents. N5 =200, A =1/240, t = 0.0005
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When adding some small number of deterministic agents 4 price movements
contain intervals, where quick price movements take place Fig 3. These intervals
correspond to activity times of agents, that take same decisions. -
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Fig. 3. Price movements, with small number of deterministic agents
N, =6, A=1/240, t =0.005,1=0.5; Np=194, 1 =1/240, r = 0.0005

Bigger number of deterministic agents result tn bigger price oscillations, whereas
the period comparable with time frame.
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