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Abstract

In order to better study the stock trend and master the basic rules of stock
trading, this paper uses the fuzzy system theory to transform the technology
trading strategy in stock into the membership function in fuzzy mathematics,
so as to study the trend change of technology trading rules in dynamic stock
price with mathematical language. It can be seen from the experimental re-
sults that when only the moving average rule is adopted, the stock price trend
is relatively flat, and the specific changes of the price cannot be accurately
obtained. However, when the bull and bear rule is added, the stock price
jumps greatly, so that the changes of the price can be easily captured, so as to
make corresponding strategic adjustments to maximize the income.
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1. Introduction

With development of the society and improvement of economy, more and more
people began to contact the stock and become shareholders. However, the stock
market is like a sea, and blind purchase or following may bring economic losses.
On the contrary, if reliable technical strategies are used for transactions, addi-
tional benefits may also be generated [1]. Therefore, it is necessary to understand
some technical trading rules in the stock market.

There are many technical trading rules for studying stocks, such as MACD,
KDJ, MA, etc., of which MA (Moving Average) is widely used. However, some-
times one indicator may not be able to directly determine the trend of stock
price changes. For example, BBI (Bull And Bear) has only one average line, no
comparison object, and cannot directly observe the price changes. Therefore, a

better result can be obtained by combining with other indicators. For example,
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by combining BBI with MACD, we can find stocks in multi dominant and me-
dium-term upward trend [2]. Wang [3] translated 12 trading strategies into price
dynamic equation by using the fuzzy system in his article, including moving av-
erage rule, support and resistance rule, trend line rule, etc. These models were
compared with random walk model; And through the simulation, it illustrates
how the simple technical trading rules generate complex price changes. From the
article, we can see that there is no significant difference between the individual
moving average rule model and the random walk model in the price curve gen-
erated, but when other models such as the support and resistance rule are added
to the price dynamic equation, the price curve has changed a lot. This further il-
lustrates that sometimes using two trading strategies at the same time can better
capture the price trend. In this paper, we use Wang’s method to combine MA
and BBI, and study the trend changes of the stock price under these two trading
strategies by transforming the technical trading rules into a mathematical func-

tion.

2. Moving Average Rule

Let N-day moving average of stock price p, be

I
Pun =W§ P (1)
and
XM :In[E‘—’M](M <N) )
Pon

is defined as the relative change of M-day and N-day price moving average.
Next, we define the membership function. Firstly, we divide the range of rela-
tive change X,(M N of stock price moving average into seven fuzzy sets: Positive
Small, Positive Medium, Positive Large, Around Zero, Negative Small, Negative
Medium, Negative Large. The membership functions corresponding to them are
shown in Figure 1, and each fuzzy set can be represented by a piece-wise func-

tion. For example, the membership function of the fuzzy set N/ is

(M N) 1_M (M’N) _3W —W
Hym (Xt ’ ) = W % € [ ' ] (3)
0, otherwise

where wis a positive constant to describe the small or large. In this paper, we
take w=0.01, which means that the difference between A/-day moving average
price and N-day moving average price is about 1%.

In order to transform technical trading rules into mathematical functions, we
first transform technical trading rules into If-Then rules in fuzzy system theory,
and then combine If-Then rules into fuzzy system, namely excess demand func-
tion. First, let a; (t) be the trading strength of a group of traders, then we can

get the price dynamic model:
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Figure 1. Membership functions of fuzzy sets (above) and trading signal (below).
K

In(pes)=In(p)+> & (t)ed (x) (4)

-0

where i=0,---,K means there are K+1 groups of traders who trade from ¢
to t+1, and the same group of traders use the same trading technical.

Let ed be the trading intensity, which is used to represent excess demand.
Then the buying and selling signal corresponding to the change of stock price is
represented by fuzzy sets, which can also be divided into seven fuzzy sets: Buy
Small, Buy Medium, Buy Big, Neutral, Sell Small, Sell Medium and Sell Big. The
membership functions corresponding to them are shown in Figure 1, and each
fuzzy set can also be represented by a piece-wise function. For example, the

membership function of the fuzzy set SMis

ed +0.4

, ed e[-0.4,-0.2]
0.2
Hsm (ed) =4_¢&d +0'1,ed e [—0.2,—0.1] ©)
0, otherwise

Next, we transform the moving average rules into seven fuzzy If-Then rules in
fuzzy system theory.

If Xt('vI M) is Positive Small, Then ed, is Buy Small;

If x[('vI N)is Positive Medium, Then ed, is Buy Big;
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If Xt('vI M) is Positive Large, Then ed, is Sell Medium;
If XI(NI s Negative Small, Then ed, is Sell Small;

If Xt(M’N) is Negative Medium, Then ed, is Sell Big;

If XI(NI s Negative Large, Then ed, is Buy Medium;
If Xt('vI M) is Around Zero, Then ed, is Neutral.

The fuzzy rules used here are a corresponding formal transformation based on
their corresponding rule definitions and fuzzy system theory. From the above
seven rules, we can conclude that the excess demand function of the moving av-

erage rules is

where A =PS, A,=PM, A =PL, A =NS, A=NM, A =NL,
A =AZ,and ¢ =01, ¢c,=04, ¢;=-02, ¢,=-0.1, ¢,=-04, ¢,=0.2,
¢, =0 are the centers of the fuzzy sets BS,BB,SM,SS,SB,BM, N, respective-
ly.

Substitute (6) for (4) to get

In(pe.s)=In(py)+a, (t)edy (") )

Equation (7) shows that traders use the moving average strategy to observe the
change of stock prices. Let (M,N)=(15),a,(t)=0.2,p, =10 simulate equa-
tion (7), as shown in Figure 2.

The first 100 stock prices are generated by random walk model

In(p,)=In(p,)+o% (8)

where ¢, is a Gaussian random variable with a mean value of 0 and a variance
of 1, and we take o =0.05; we take the random walk model as a contrast. The
last 400 stock prices are generated by (7). From Figure 2, we can see that there is
no big difference between the stock price curve generated by moving average
rule and random walk model. In the next section, we will add the BBI to observe

the stock prices trend changes.

3. Bull and Bear Rule

BBI is a common indicator to judge whether the stock is in a Bull or Bear state.
Before converting the BBI index into the If-Then rule in the theory of fuzzy sys-
tem, we first define the formula for calculating the Bull and Bear index. Here we
understand that for the average value, the longer the period, the greater the
change in the mean value, then for the original definition of BBI taking the aver-
age of different periods, the impact of the long period on the overall will be rela-
tively large, so we adjust the weight of different periods in this paper. We give the
maximum weight of 3 days average value of 0.4, and the weight of 6 days, 12 days
and 24 days average value decreases by 0.1 in turn. It can be expressed by formula

bbi™ = 0.4p, , +0.3P, 5 +0.2P,1, +0.1P, ,, )
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Figure 2. Three times dynamic simulation of stock price generated by random
walk (0 - 100) and moving average (100 - 500).

If werecord r=(0.4,0.3,0.2,0.1), B, = (RB, Pe. PP )T , then (9) becomes
bbi™ = rR (10)

The basic idea of BBI is that when the price breaks the short lines, it indicates
that the situation of Bear positions or Bull positions is changing, and the trading
decision can be made at this time. Specifically, we can write the following heuris-
tics:

BBI heuristics:

A sell signal is generated if the stock price in the high price area with the clos-
ing price breaking through the BBI lines from the top to bottom;

A buy signal is generated if the stock price in the low price area with the closing
price breaking through the BBI lines from the bottom up to.

Next, we translate the BBI heuristics into the If-Then rule in the theory of the
fuzzy system. Before that, we first define the relative changes of the current price

p, and the BBI line bbit(N) as follows:

(N) _ P
A In(bbit(N)J o

Now we transform the BBI heuristics into the If-Then rules in the theory of the

fuzzy system:
If Xt(N) is Negative Small, Then ed, is Sell Small;
If )(t(N) is Negative Medium, Then ed, is Sell Medium;
If Xt(N) is Negative Large, Then ed, is Sell Big;
If XI(N) is Positive Small, Then ed; is Buy Small;
If Xt(N) is Positive Medium, Then ed, is Buy Medium;
If )(t(N) is Positive Large, Then ed, is Buy Big.

The combination of these rules into a fuzzy system is as follows:
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Figure 3. Three times stock price dynamic simulation generated by random
walk (0 - 100) and model (12) (100 - 500).

6 N
Zizlci’u/'\ (XI( ))
6 N
Zi:l'u/‘i (Xt( ))
where A =NS, A=NM, A =NL, A, =PS, A=PM, A/ =PL,
¢c,=-01, c,=-04, ¢c;=02, ¢,=01, ¢,=04, c,=-0.2 are the centers of

the fuzzy sets SS,SM, SB, BS, BM, BB, respectively.
Substituting (6) and (11) into (4) gives

In(pl+1)=ln(p[)+aoedo(XEM'”))+aied1(xt(N*)j (13)

edl(fo))= (12)

Formula (13) indicates that 2 groups of traders conduct a transaction at the
same time, with one group using the moving average strategy and the other group
using the BBI strategy. We simulated (13) three times with p, =10, a,=0.2,

a, =0.01, (M N ) = (1,5) , N"=100, w=0.01 asshown in Figure 3, in which
the first 100 p, were still generated by the random walk model (8) and the last 400
prwere generated by the model (13).

From Figure 3, we can see that compared with the first 100 p; curves generated
by the random walk model, the p, curves generated by the latter 400 moving av-
erage rules and BBI rules at the same time fluctuate more sharply, which indicates
that after we add BBI indicators into the dynamic equation, the stock price shows
more trends. Therefore, we can see that the combination of the two indices can

better observe the trend of stock prices.

4. Conclusions

People who understand the stock know that the stock price is not all spontane-
ous, but can be controlled by people, mainly determined by the behavior of stock

traders. And with the in-depth understanding of the stock, we can understand
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the importance of technical trading. Although it is a fuzzy system, it is also a
fuzzy set divided according to the actual problems, and the last step in the whole
process is accurate calculation. Therefore, as long as the division is reasonable
and in line with the reality, the final calculation result of the fuzzy system is ac-
curate enough. At the same time, the speed is also considerable. The model of
hundreds of data takes only a few seconds [4]. As for the stability and robustness
of fuzzy control, firstly, fuzzy control has strong stability and robustness, be-
cause it is constructed by people’s experience and knowledge, and has certain re-
liability in application. Secondly, for the fuzzy system, we only input the required
variables without redundant interference, which makes the system relatively sim-
ple and has no other complex programs, so it can run stably [5].

In this paper, the stock technical trading strategy is combined with the theory
of fuzzy system, which is further transformed into a specific mathematical lan-
guage to study the dynamic changes of the stock prices, and explains how the
rules of technical trading affect the prices. From Figure 2 and Figure 3, we can
see that when the BBI is added to the dynamic equation, the price will change
significantly, that is, when the moving average strategy and the BBI strategy are
combined to observe the stock price, we are more likely to capture the price
changes. Therefore, we conclude that sometimes it is clearer and easier to cap-
ture the trend by combining the two indices to observe the changes in the stock
prices. In the future, we can convert more technical trading rules into dynamic
price equation, and combine more indicators to better observe the trend of changes

in the stock market.
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