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ABSTRACT 

 

Stock trading signal detection has become a very popular research topic and it also is an important tool 

for investors in financial investment area. Most researches focus on the precise price prediction only; 

however, determining trading points is more important than getting the price prediction. This paper 

proposed a novel approach using an Association Petri Net model to discover the relationships between 

various technical indicators, and explore the trading signals hidden in historical data. Experiment results 

show that APN model is an easy-to-use algorithm with considerable return on stock investment. 

  
 

INTORDUCTION 

According to Taiwan Stock Exchange Corporation, individual investors accounted for 68% trading 
volume in stock market in 2010 and individual investors accounted for between 56 and 59 percent of 
total stock ownership during their sample period. Taiwan corporations owned between 17 and 23 percent 
of all stocks, while foreigners owned between 7 and 9 percent. And individual investor losses are 
equivalent to 2.2% of Taiwan’s GDP. A number of studies since the 1980’s imply that certain 
combinations of technical indicators can successfully detect the financial market reversals, and hence 
make more profit than a simple buy-and-sell strategy. Researchers have tried to use various models and 
algorithms to achieve considerable results and to determine the best time to buy or sell stocks. Recently, 
Petri nets (PNs) have been used as a mathematical, graphical tool for modeling and analyzing 
information processing systems whose dynamic behaviors are characterized by concurrency, 
synchronous, distributed operations, conflicts due to decisions, and non-determinism. APN formalism [1] 
is a derivative of PNs that have been demonstrated to be a powerful modeling formalism for decision 
making recently. In order to facilitate investors for their decision making in the stock market, an APN is 
used to discover rules among variables for each technical indicators and the direction of stock signals 
fluctuations in this study.  
 

ASSOCIATE PETRI NET 



Previous study [2] shows that stock trading signals can be observed from variations in technical 

indicators or pattern matching. However, these variations are not easy to observe for all investors, and 

each trading time point appears and disappears quickly. Therefore, this study attempts to develop an 

intelligent trading signal detection system that investors can use to make a good trading strategy. 

 An APN is a derivative of PNs that have been demonstrated to be a powerful modeling formalism 

for decision making recently. An APN is a directed graph, which contains three types of nodes: places, 

squares and transitions. Where circles represent places, squares represent thresholds of association 

degree and bars represent transitions. Each place may contain a token associated with a truth-value 

between zero and one. Each transition is associated with a certainty factor (CF) value between zero and 

one. Directed arcs represent the relationships between places. A generalized APN structure, as shown in 

Fig. 1, is defined as a 13-tuple [1]: 

 ThWCOIDSTPAPN ,,,,,,,,,,,,   

Let A be a set of directed arcs. If pj I(ti), then there exists a directed arc aji, aji A, from place pj to 

transition ti. If pk O(ti), then there exists a directed arc aik, aik A, from transition ti to place pk. If W(sm) 

=wm, wm  [0,1], then the support sm is said to be associated with a real value wm. If C(ti) = ci, c,  [0,1], 

then transition ti is said to be associated with a real value ci. If β(pj) = dj, dj D, then place pj is said to be 

associated with proposition dj. 

 

Fig. 1 A generalized APN structure 

If the antecedent portion or consequence portion of an associative production rule (APR) contains 

"or" connectors, then it is called a composite APR. In addition, let ta be a transition, and pi, pj, and pk be 

three places. If pi I(ta) and pk O(ta), then pk is called immediately reachable from pi. If pk is 

immediately reachable from pi and pj is immediately reachable from pk, then pj is called reflexive 

transitive closure of the immediately reachable relationship. The set of places which is immediately 

reachable from a place pi is called the immediate reachability set of pi and is denoted by IRS (pi). The set 

of places which is reachable from a place pi is called the reachability set of pi and is denoted by RS (pi). 
Let  miiiI ,......., 21 be a set of items. Let D, the task-relevant data, be a set of database transactions 

where each transaction 〒 is a set of items such that〒 I . Each transaction is associated with an 

identifier, called TID. Let A be a set of items. A transaction 〒 is said to contain A if and only if A 〒. 

An association rule is an implication of the form A→B, where IA , IB  , and BA  . The rule A→B 



holds in the transaction set D with support s, where s is the percentage of transactions in D that 

contains BA . This is taken to be the probability  BAP  . The rule A→B has confidence c in the 

transaction set D if c is the percentage of transactions in D containing A that also contain B. This is taken 

to be the conditional probability  ABP /  [3]. That is, 

   BAPBASupport   (1) 

   ABPBAConfidence /  (2) 

Typically, association rules are considered interesting if they satisfy both a minimum support 

threshold Th(sm)=τm, τm  [0,1], and a minimum confidence threshold Th(ti)=γi, γi  [0,1]. These 

threshold values can be set by user experience or domain experts [4]. If the values of support and 

confidence are higher than their threshold τ and γ, the transition is enabled and the value is confidence 

(CF = ci) else the relationship does not exist (CF = 0). The general formulation of the certainty factor is 

shown in (3): 
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Where ci is the value of confidence, γ is a threshold of confidence, s is the value of support and τ is a 

threshold of support. The structure, reasoning and operation of APN are derived from PN. Therefore, 

there are many properties and assumptions similar to the PN.  

 A goal place determine activation or not and the process of goal place can be represented by (4), a 

goal place of APN structure, as show in Fig. 2, is define as 

where 

 nxxxx ,......., 21  is a finite set of input of goal place, 

  is a thresholds of goal place, 

)( xf  is a transfer function of goal place, 

inet  is a variable of transfer function, 

gp  is a set of output of goal place, 

)(
1

 


n

j

jg xfP  (4) 

By carefully constructing related place and assigning reasonable values of certainty factors to transitions, 

we use a live APN that makes decision effectively. One type of APN construction methodology is 

proposed in the next section. 

 

APN MODEL CONSTRUCTION 

An APN-tree model can express a complex decision-making problem by a simple tree structure, instead 
of using a complicated reasoning process to extract rule sets. In this approach components of system are 



units that communicate via unidirectional channels. This means that components can be distributed to 
different locations, since channel communication allows real distribution. The result of this step is a set 
of identified components, goal places and a set of communication channels, a simple construction step of 
APN-tree model is shown in Fig. 3.  
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Fig. 2 A goal place of APN  

 

Fig. 3 Construction steps of an APN model 

 

EXPERIMENTAL RESULT 

In this section, one stock AU Optronics Corp. (AUO) is selected for testing the performance of the 
proposed APN-tree model. The sampled technical indicators were downloaded from TSE. In AUO 
stocks, the historic data of the stock is derived from 2003/1/6 to 2011/12/26, total of 462 data. The 
training data will be based on the data from 2003/01/06 to 2008/12/29 including 309 data and the testing 
data start from 2009/1/5 to 2011/12/26 including 153 data. According to data mining specialist’s 
experience, we choose 3-Fold Cross-validation to increase detection rate of rules. However, the historic 
data of the stock is time series data, it possess continuity and orderly feature. Thus, two-third of the data 
as training data from 2003 to 2008 and one-third of data as testing data from 2009 to 2011 that to ensure 
our experiment possess accuracy. All dataset could be downloaded from Yahoo! Finance 
(http://finance.yahoo.com). The experiment results show we proposed model can detect the trading 
signals (buy/sell/hold) and make a profit during training and testing period.  The trading points 
generated by proposed model for training data is shown in Fig. 4. For verifying the performance of this 
study, trading points generated by proposed model for testing data is shown in Fig. 5.  
 

DISCUSSION 

A considerable amount of research has been conducted to study the behavior of stock price movement. 
However, the investor is more interesting in making profit. Hence, a useful strategy shall provide simple 
trading decisions such as buy/hold/sell other than predicting the stock price itself. Therefore, we take 
five different strategies by applying an APN-tree model to generate three signals. As a result, trading 
points of the historical stock data can be detected and then as input of return of investment to measure 
profits. Then, the threshold is applied to determine whether the trading signals outputted from the 
APN-tree model shall trigger a buy, sell or hold decision or not with the objective to increase the 



profitability of the model. We take the AU Optronics Corp (AUO) as an example in our experiment. The 
experimental results show that the five strategies can make significant amount of profit consistently and 
indicates that APN model is an easy-to-use algorithm with considerable return on investment. In 
summary, the main contributions include we proposed method and strategies are very effective to detect 
the trading points of a specific stock. And we provided a convenient model for individual investment 
ensure they obtain profits in the stock market. 
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