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1 Introduction
Technical analysts are often referred to as chartists as they make use of analysis on statistical charts to formulate their strategies. From the market movement charts, they could detect changes in supply and demand in the market and quickly adapt to the circumstances. Despite efficient market hypothesis that no excess return will be generated in the presence of efficient market, use of technical analysis is still prevalent in the market in an effort to capture pattern and to generate profits. 
The research paper in which our studies based on is A dynamic analysis of moving average rules,by Carl Chiarella, Xue-Zhong He, Cars Hommes published in 2006. It is on the topic of technical analysts, in particular moving average rules. There are a number of cited literatures on heterogeneous agent models (HAM) of financial markets, consisting of two groups, i.e. fundamentalists and technical analysts respectively. However, most of those models are either complex artificial market simulation models or oversimplified technical trading rules. To overcome these limitations, this paper develops a simple behavioral HAM with a group of fundamentalists and a group of chartists using a long run MA rule similar to the rules in financial practice. The chartists react based on differences between long term and short term MA. Both groups would react to market movements by selecting the strategy with higher fitness, in which subsequent parts will elaborate further. In this study, the objectives are to develop an agent based model, analyze its stability and the use for formulating trading strategies and the impacts of the trading rules to the market.
The studies of this research paper are organized as follows. To begin with, we will introduce the model basics in detail, how the models are established. Subsequently, analysis on stability and dynamics will be discussed. After that, we would examine the application and trading strategies derived from this model. Last but not least, we would investigate on limitations of the studies and hence propose potential improvements for further studies. 
2 Model basics
2.1 Model Parameters

In this study, we consider the asset pricing model that has only one risky asset and let  be the price of it at time t. 







Let be the market fraction of type h traders at time t, and  represents fundamentalist and represents chartists with +=1. Let be the population difference with


Let represent the excess demand for group h (f or c) at time t. Then population weighted aggregate excess demand at time t is given by .



Let be the measurement for speed of price adjustment (or aggregate risk tolerance) of the market maker to excess demand and be the random noise item, ~ N(0,1) . 

Then prices are set by market maker mechanism and adjusted according to aggregate excess demand , as per below.




2.2 Fundamentalist and Chartists

Fundamentalists believe that market price should be given by fundamental price that they have estimated based on various types of fundamental information, such as earnings, exports and general economic forecasts. If we assume that fundamental price is a constant , then average excess demand of fundamentalist is given by                                       with α as adjustment term.

Chartists believe prices should be given by charting signals such as MA. If we define ,

Then the difference between current price and MA is . The excess demand is given by
                                 , where h(0)=0, h’(x)>0 and h’’(0)<0. This corresponds to popular trading rules when the trader would long when current price is above moving average price and short vice versa. In this paper, h(x)=tanh(ax) since the traders would reduce costs in the event of frequent signal changes and      -1<h(x)<1 captures the limits of long and short positions. 
The below table summarizes their differences between the two groups. 
	Fundamentalists
	Chartists 

	· believe that the market price is estimated based on various types of fundamental information
· 
where α is a combined measure of the aggregate risk tolerance of the fundamentalists and their reaction to the mis-pricing

	· trade based on charting signals generated from the costless information contained in the history of the price.
·                                         where h(0)=0,h’(x)>0, 
         and h’’(0)<0
· Choose h(x)=tanh(ax) where  a is extrapolation parameter for chartists. 





2.3 Fitness measure and population evolution


Fitness functions  and are defined as their realized profits with C as costs of strategies

When number of agents tends to infinity, the population fractions are updated by the well known logic model probabilities (Manski and McFadden, 1981)


Utility functions U are expressed as below, adjusted by realized profits per period.



 measures the intensity of switching between two groups. In particular, if  there is no switching in between the groups, i.e. both populations will remain as 0.5. If , the agents react to changes immediately. measures memory function of U, i.e. it gives a higher weight to the past utility when there is evidence of long memory properties. 
2.4 Complete asset pricing model
By combining the analysis from the previous three sections, we have the non linear deterministic system with the below set of equations:




This set of equations will be used as foundations for subsequent sections. We need to understand how various parameters and functions would affect dynamic behaviors of the system, like reaction coefficient , lag length L, excess demand function h and switching intensity .
3. Stability analysis
This section analyzes the local stability of proposed model, which is a L+2 dimensional difference system described below:
[image: ]

The author states the proposition for stability: 

For the above system, Denote
[image: ]
Then 
(1) There exists a unique steady state (Pt, mt, Ut) = (P*, m*, 0), where P* is the constant fundamental price



(2) If =1+, then the steady state price P* is locally asymptotically stable(LAS) for 0<<L.

(3) A necessary condition for the steady state price to be LAS is given by 0<<L




and 0<<2+ for even L and 0 <<2+((L-1)/L) for odd L.


(4) For sufficient large L, P* is unstable if >.






The parameters and  play an important role in determining system stability. From their definitions, can be interpreted as the force of chartists having on the market (that drives price away from equilibrium), and represents the stabilizing force of fundamentalists having on the market. The stability condition can be visualized in below diagram. The region below horizontal line =L and to the left of dashed lines are the region of necessary condition of stability. The shaded region is the region of sufficient condition.
[image: ]

To further illustrate stability, the author presents an example of different lag length L. Below diagram shows the lag length of 1, 2, 3, and 4, respectively.
[image: ]


4. Dynamics of non-linear system

This section explores the global dynamics of the nonlinear system of the proposed model. We wish to examine the impact of switching intensity βto the system. The method used here is via simulation. After simulation, we plot the value of mt against Pt. This is the “phase plot”. By looking at the phase plot, we can observe the distribution of price and how it relates to percentages of different groups of market participants.

4.1 The deterministic system.
In the case of deterministic system, the ε term disappears. The model becomes:
[image: ]

4.1.1 The phase plot
When running simulation, first we choose lag length to be 4. The parameters are chosen as:
[image: ]


Note that for β=0,  and , according to the results from stability analysis the steady state price P* is stable. Whenβ=∞, the results from stability analysis shows the steady state price P* is unstable. Therefore, when βincreases from 0, we expect to observe the system becoming unstable, and this is illustrated in the phase plot below.
[image: ]



Next we turn to the case of long lag length, L=100. Forβ=0,  and , and this point lies outside the stability region. The phase plot from the simulation also reveals the same.

4.1.2 The effect of lag length
This section examines the effect of lag L of MA rule on price dynamics of the deterministic system. The chosen parameters are:
[image: ]


The chosen parameters give  and . The fundamental price is locally stable when L=2, 3, and 4, but it is unstable for L>4. Below phase plot illustrates this. We can observe that when MA window L is increased, the size of attractor is enlarged, implying that the deviations of both price and population from the fundamental value are enlarged. Hence an interesting fact is that large lag length L destabilizing the price dynamics. In addition, by plotting the simulated price with time, it can also be observed that larger lag length L implies longer time for price to revert back to fundamental prices.
[image: ]

4.2 The stochastic model


This section releases the previous constraint of deterministic system and introduces the stochastic terms on both price updating function with volatility and fundamental price P*, with volatility . The model becomes:
[image: ]



We consider two cases, (1) , (2) both  and  are not zero.

Case (1) 

Running simulation with , we plot the price dynamics together with mt and demand of each market participant group in below diagram. It can be observed that the price dynamics closely follow the demand pattern of chartists, which indicates the market is primary driven by chartists. From the diagram of mt, we can observe the tendency for constant switching to technical trading (mt<0 most of the time).

[image: ]



Case (1) both  and  are not zero.

Running simulation with , plot the price dynamics together with mt and demand of each market participant group in below diagram. It can be observed that price tends to follow fundamental price. In addition, market price is above fundamental price when chartists demand is higher, indicating chartists dominate market for most of the time.

[image: ]

5. Application & Strategy
Given the price model:
[image: ]
One natural thought is that based on current market price, we can make the predictions for Pt+1, and use that for trading decision making. This requires careful calibration of model parameters. However, the inter-dependency to three equations leads to calibration an impossible job (for us at least, after days of searching the web for hints but nothing useful found). We think that’s probably the reason why the author didn’t include model calibration in this paper. Another challenge is to estimate fundamental price P* and transaction cost C, which varies across different asset classes and products. Given all these challenges, we give up this approach and explore from a different direction.

We think it might be useful to use this model to improve the simple MA rule. From discussion in section 4.2, the price dynamics are closely relation to the composition of market participants, i.e., which group dominates the market. If at the present moment time the dominating group is fundamentalist, shall MA signal trigger the order execution? Possibly not. We’ll use the below improved MA strategy:
· When fundamentalists dominate and an MA trading signal is generated, ignore the signal.
· Otherwise, follow the signal from MA rule to execute orders.

We use mt (calculated from the model) to determine who dominates market. mt > 0 (or a positive threshold, e.g. 0.1) indicates chartists dominate, and applied the above strategy with following parameters (Still, parameters are not calibrated):
[image: ]

Below is the PnL from pure MA for VFINX index over 3 years:
[image: ]

As a comparison, below is the improved scheme:
[image: ]

It’s not surprising that the improved scheme didn’t produce a better result than original MA, due to uncelebrated parameters. The calibration is a major challenge for this model.
6. Conclusions
Throughout the paper, the author discussed “HOW” the model behaves (is it stable, the phase plot etc) given a set of parameters, and tries to use the model to explain certain market phenomena by using a predefined set of parameters. It didn’t mention model calibration procedures given the set of data. Due to lack of knowledge depth, we aren’t able to come up the calibration scheme either. Without this, it is not practical to put this model into quantitative trading business. A further investigation is still very much demanded for this model to be matured.
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