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Abstract. TFT-LCD is one of industries currently promoted by the “Two 
Trillion and Twin Star Industries Development Plan” in Taiwan. This study 
endeavors to find out the stock price associations between the suppliers and 
manufacturers in the value chain of the TFT-LCD industry by means of data 
mining techniques, and meanwhile, to improve the Apriori algorithm so that it 
can facilitate association mining of discrete data points in a time series. An 
efficient data mining method which consists of two phases is proposed. In the 
first phase, data are classified and preprocessed using the algorithm proposed 
by R. Agrawal et al. (1996), then Apriori algorithm is applied to extract the 
strong association rules. The second phase further improves the Apriori 
algorithm by breaking down the traditional limitation of relying on pattern 
matching of continuous data for disclosing stock market behavior. By mining 
the association rules from the discrete data points in a time series and testing the 
corresponding hypotheses, statistically significant outcomes can be obtained. 
The proposed data mining method was applied to some real time-series of the 
stock prices of companies in the supply chain of TFT-LCD industry in Taiwan. 
It is suggested that a positive correlation does not necessarily exist between the 
companies’ stock prices in the supply chain of TFT-LCD industry. For instance 
the result shows that, if the stock price of Sintek Phonrotic Corp., a company in 
the up stream of the value chain, soars for more than 5% in a day, the stock 
price of Tatung, a company in the down stream of the same value chain, may 
not respond positively accordingly. If an investor can short the stock of Tatung 
on the 7th day and long it back on the 10th day after Sintek’s stock price 
soaring for more than 5%, the annual return of investment is 199.88% with 95% 
confidence interval. In conclusion, the results may reveal helpful information 
for the investors to make leveraged arbitrage profit investing decisions, and it 
might be interesting to apply this proposed data mining method to the time 
series in other industries or problems and investigate the results further. 

Keywords: Data Mining, Association rule, Apriori Algorithm, TFT-LCD, Time 
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1   Introduction 

While more and more data generated in the form of time-series, there are much more 
needs to find frequent patterns in time-series data. Time-series data mining becomes 
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more and more popular in recent research areas and has broad applications like analysis 
of customer purchase patterns, web traversal patterns, etc.  

Take the example of stock price fluctuation of TWSE. There may be some 
implications that when the stock price of some companies in supply chain went upwards, 
the stock price of the other companies in the related industry might also be affected. It is 
interesting to find the relationships among the stock fluctuation patterns. Learning from 
the association rules within these patterns might help the investors making decisions 
more precisely. 

In this study, we try to find out the stock price association for the entire value chain 
in the TFT-LCD industry by means of data mining techniques, and, at the same time, to 
improve the Apriori algorithm so that it could be applied to the cross-day discrete 
discontinuous data. Two-phase experiment associated with the industry was conducted. 
In the first phase, data were prepared using the algorithm proposed by R. Agrawal et 
(1996), then Apriori algorithm is used to compute the support and confidence value. 
The strong association rules among the data are found accordingly. The second phase is 
to improve the Apriori algorithm. The idea is to break down the traditional limitation of 
continuous pattern when considering the stock market behavior. The results of this 
study reveals that a positive relationship does not necessarily exist between the 
companies’ stock price in the supply chain of TFT-LCD industry. By using the idea, 
investors may make leveraged arbitrage profit investing decisions more precisely. 

2   About TFT-LCD  

Taiwan's  flat-panel display industry developed out of the TN/STN LCD industry and 
expanded to the production and processing of TFT-LCD (Thin Film Transistor-Liquid 
Crystal Display) and upstream components, such as color filters, polarizers, backlights, 
and glass products. With large demand from local notebook PC manufacturers and 
technical advantages borrowed from the semiconductor industry, Taiwan's TFT-LCD 
industry has achieved its current strong position in less than five years of development. 
In 2001, Taiwan's TFT-LCD production reached NT$123.4 billion (US$3.65 billion), 
ranking third in the world and accounting for 26.1 percent of the world's total output.  
     With the commencement of the "Two Trillion and Twin Star" program, measures are 
being taken to offer more incentives to businesses, resolve patent-related problems, and 
strengthen R&D and training of new talents. These actions will not only help free 
Taiwan's TFT-LCD industry from technological dependence and its current shortage of 
skilled staff, but also give it a more completely integrated structure. Through the 
cooperation of government and industry, the TFT-LCD industry is expected to achieve a 
value of NT$1.37 trillion (US$40.53 billion) by 2006, making Taiwan the largest TFT-
LCD supplier in the world. 

3   Data Mining 

3.1   Data Preprocessing 

The task of data preparation is to transform the transactions in the database into the 
format we need. For example, in order to find the association rules of the fluctuations 
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for daily stock prices, we need to transform the daily data of stocks into daily 
fluctuation rates. 
     There are three steps in the phase of data preparation. First we compute the 
fluctuation for each attribute values, to get rid of noisy data. Second, we transform 
the attribute values in the transaction, in the form of fluctuation. Then, we classify 
the fluctuation rates into several classes and label them as defined before. 

3.2   Modified Apriori Algorithm 

The first algorithm of mining association rules, called Apriori algorithm, was 
proposed by Agrawal and Srikant in 1994[15].  The methodology is so important in 
frequent pattern mining that there are many approaches adapting from it. 
     The Apriori algorithm employs iterative, level-wise approach, where frequent k-
itemsets are deduced from (k-1)-itemsets. Let Lk be the frequent k-items, and Ck 
bethe candidate k-itemsets. In the first pass, it counts the support of data items to 
determine the frequent 1-itemsets. Then, it uses frequent itemsets Lk-1 found in the 
(k-1)th pass to generate the candidate items Ck and then scan the database, D, to 
counts the supports of candidates in Ck, Let Lk be the itemsets in Ck with their 
supports no less then the minimum support.[12]. In order to fit our experimental 
model, we modify Apriori algorithm and it is described in Figure3.1. 

Input: Database, D, of transactions; minimum support 
threshold, min_sup. 
Output: L, frequent itemsets in D. 
Method: 
  Dim array [x, y] 
  For (day = 1; EOF; day ++) { 
     Data_preprocess;  
     Ck = apriori_gen(Lk-1, min_sup); 
     Gen_report; 
  } 
  L1= find_frequent_1-itemsets(D); 
  For (k=2; Lk-1 ≠∅ ;k++) { 
     Ck = apriori_gen(Lk-1, min_sup); 
     For each transaction t ∈ D{//scan D for counts 
        Ct = subset(Ck,t);  
             //get the subsets of t that are candidates 
        For each candidate c ∈ Ct 
            c.count++; 
      } 
      Lk = {c ∈ Ck|c.count ≥  min_sup} 
  } 
return L= ∪ kL 
Procedure apriori_gen (Lk-1:frequent(k-1)-items; min_sup: 
minimum support threshold) 
  For each itemset l1 ∈ Lk-1 
     For each itemset l2 ∈ Lk-1 
        If (l1[1] = l2[1] ) ∧ (l1[2] = l2[2] ) ∧…∧ (l1[k-
2] = l2[k-2] ) ∧ (l1[k-1] < l2[k-1] ) then { 
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          C=  l1 ∪ l2 ;//join step:generate candidates 
          If has_infrequent_subset(c,Lk-1) then 
            Delete c; // prune step:remove unfruitful 
candidate 
          Else add c to Ck; 
        } 
  return Ck; 
Procedure has_infrequent_subset (d:candidate k-
itemset;Lk-1:frequent (k-1)-itemsets); //use prior 
knowledge 
  For each (k-1)-subset s of c 
     If s ∉Lk-1 then  
        Return TRUE; 
  Return FALSE; 

Fig. 3.1. Modified Apriori algorithm 

3.3   Interested Measures 

Although a data mining process may generate a large number of patterns, typically 
only a small fraction of these patterns will actually be of interest to the given user. 
Thus, users need to further confine the number of uninteresting patterns returned by 
the process. This can be achieved by specifying the interested measures that estimate 
the simplicity, certainty, utility, and novelty of patterns. In this paper, we use novelty 
to test the measures of pattern interest. 
     Novel patterns are those that contribute new information or increased performance 
to the given pattern set. For example, a data exception may be considered novel in 
that it differs from that expected based on a statistical model to user beliefs. Another 
strategy for detecting novelty is to remove redundant patterns. If a discovered rule can 
be implied by another rule that is already in the knowledge base or in the derived rule 
set, then either rule should be reexamined in order to remove the potential 
redundancy. 

4   Experiment 

4.1   Data Preparation 

This research is base on the closing stock price of the TFT-LCD industry supply chain 
related corporations. Considering the date of Optimax Co.(3051)’s stock going public, 
this study use the stock closing price from Oct. 28th,2002 to Jan. 15th 2004 as the 
basis of the experimentation data. 
     Eight companies were selected for the experiment. These corporations are all 
possess a supply chain relationship with CPT( Chunghwa Picture Tubes, LTD) TFT 
manufacturing. There are three companies in the upstream and four in the downstream 
of the supply chain. 
     In order to have a macroscopic concept for the study, all the data are divided into 
two categories. One is the whole data of 8 corporations. The other is to select one 
corporation from each of the three stream levels in the TFT-LCD industry supply 
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chain: the upstream - supplier level, midstream - manufacturing level, and 
downstream - client level, accordingly. There will be twelve different combinations. 
These combinations of data are classified further. 
     Data need to be partitioned in order to quantify the quantitative attributes [19]. 
Here, the stock price movement of an attribute value is equally parted into several 
classes, as shown in Table 4.1. Each item of the data is represented by 5 digits, the 
first four digits stand for the stock number, and the fifth digit, A to G, represents the 
class that the item’s stock price movement falls to. 

Table 4.1 

Class 3 Class 4 Class 5 Class 6 Class 7 

A 7 ~ 2.33 7 ~ 3.5 7 ~ 4.2 7~ 4.67 7 ~ 5 

B 2.3 ~ -2.3 3.5 ~ 0 4.2 ~ 1.4 4.6 ~ 2.3 5 ~ 3 

C -2.33 ~ -7 0~  -3.5 1.4 ~ -1.4 2.34 ~ 0 3~ 1 

D -3.5 ~ -7 -1.4 ~ -4.2 0 ~ -2.3 1~ -1 

E -4.2 ~ -7 -2.3 ~ -4.6 -1 ~ -3 

F -4.7 ~ -7 -3 ~ -5 

G

 

 

 

 > -7 

   (%) 

4.2   Experiment Result 

At the first phase of the experiment, seven strong association rules are found in the 
group   consisting of all the eight companies (Table 4.2), six of the rules are left after 
applying Novelty test. The result reveals that there exists a stronger association, more 
than 66%, between the midstream and downstream in the TFT-LCD industry supply 
chain. By contrast, in the group consisting of data from each supply chain layer, two 
association rules of each in class 6 and class 7 are found. The findings are quite 
interesting and worth a further study. 

Table 4.2 

 
 

     In order to have a further study about these four strong association rules, and to 
find out a discontinuous relationship, we modify the Apriori algorithm so that it can 
be applied to time series data, and also to discover the strong association rules among 
the cross-day transactions.  
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Table 4.3 

 

 In the second phase experiment of this study, the modified Apriori algorithm is 
used to mine the transaction data from the next day to the eleventh day. The result 
reveals that there is less than 20% confidence level between itemsets 2442 and 2475, 
which are the midstream and downstream companies accordingly in the TFT-LCD 
industry supply chain, in the following ten transaction days. Yet, there are two 
interesting rules finding in class 7 after the cross-day mining. Table 4.4 an illustrate 
the outcome. 

Table 4.4. 3049 A � 2301 D 

Day X < 1% X < -1% 

1 73.30% 23.30% 

2 53% 30.00% 

3 50.00% 23% 

4 50.00% 10.00% 

5 66.70% 40% 

6 76.70% 20.00% 

7 76.70% 37% 

8 63.30% 23.30% 

9 63% 23% 

10 63.30% 50% 

4.3   Investitive Application 

The results from the above experiment could help the investors to make proper 
financial decisions and make leveraged arbitrage profit. By applying the strong 
association rules revealed in section 4.3, the investor could see the relationship of the 
stock prices between the upstream and downstream companies in the supply chain of 
TFT-LCD industry, and make the proper investment decisions. For example, if the 
investor uses the rule 3049A-> 2301D to invest on Taiwan stock market, he might 
watch the trend of the stock market, and take some actions as follows: 

1. Wait for the stock price of Sintek Co.(3049), the upstream company in the TFT-    
LCD industry, raises for over 5%. 

2. Short sell the stock of Tatung, the downstream company in the TFT-LCD 
industry, on the 6th or 7th day after Sintek’s stock price soaring for more than 5%. 
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3. Long the stock of Tatung back on the 10th day. If the investors do take such 
action by applying the association rule, as described above, the return on 
investment will be significant. 

 Table 4.5 shows the average transaction return and annual return on investment of 
the investment example. 

Table 4.5 

 

4.4   Statistical Test 

Again, H0 is rejected, meaning rule Day 7th is better than Day 6th . 
 By the result of statistical hypothesis test, rule Day 7th is the best association rule in 

the three rules found in the second phase of the experiment. Therefore, in TFT-LCD 
industry, if one short sells the stock of the target company on the 7th day and long it 
back on the 10th day after the stock price of the upstream of the company soaring for 
more than 5% in one day, he would gain the greatest return on investment. 

Table 4.6 

 Day 1st Day 6th Day 7th 
Sample num. 29 29 29 
average 3.07 1.86 1.64 
Stdev 10.44 6.67 6.08 
(%) 

 
 
 
 
 
 
 
 

 
 
 
     So H0 is rejected, which implies that rule Day 6th is better than Day 1st. 
     Next, the same statistical test is performed to compare rule Day 6th and Day 7th.  

 05.0,: 670 =≤ αµµ thstH
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     Again, H0 is rejected, meaning rule Day 7th is better than Day 6th. 
     By the result of statistical hypothesis test, rule Day 7th is the best association rule 
in the three rules found in the second phase of the experiment. Therefore, in TFT-
LCD industry, if one short sells the stock of the target company on the 7th day and 
long it back on the 10th day after the stock price of the upstream of the company 
soaring for more than 5% in one day, he would gain the greatest return on investment. 

5   Conclusion and Future Work 

Data mining is a process of uncovering relationships, patterns and trends among huge 
volumes of data and then transforming them to valuable information that can leverage 
business intelligence and improve the process of making decisions [24]. A 
fundamental problem in data mining is finding frequent patterns in large datasets. The 
Apriori algorithm is one of several different algorithms that have been proposed to 
find all frequent patterns in a dataset, yet it is usually used on datasets containing 
continuous data. In this study, a modified Apriori algorithm is proposed to mine the 
association rule in time series data, and furthermore, to apply it to the cross-day 
discrete stock market data to find out some valuable information. It presents a data 
mining methodology to analyze discontinuous cross-day time-series data. The 
findings of this study might be helpful when making financial investment decisions: 

1. In the same industry, there exists a stronger association for stock prices in vertical 
companies (companies in different streams in the supply chain) than in horizontal 
ones (companies in the same stream level in the supply chain). 

2. A positive correlation does not necessarily exist between the companies’ stock 
prices in upstream and downstream in the supply chain. 

3. The study breaks down the traditional limitation of relying on pattern matching of 
continuous data in the same period of time. For example, when upstream 
company Sintek Co. (3049) has a stock price raising in one day, the stock price of 
downstream company Tatung Co. (2301) would decline for more than 1% with 
50% confidence interval, in the 10th day after.  

4. Applying the association rules found in the experiment, if an investor can short 
sell the stock of Tatung on the 7th day and long it back on the 10th day after 
Sintek’s stock price soaring for more than 5%, the annual return on investment is 
199.88% with 95% confidence interval. 

     By means of data mining technology, the study is focused on finding the 
companies’ stock price association in the supply chain of TFT-LCD industry. The 
proposed data mining method could be applied to the time series data in other 
industries or problems and investigate the results further. Besides data mining 
methodology, some artificial intelligence technology, such as fuzzy, genetic 
algorithm, or neural network, may facilitate revealing more helpful information for 
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the investors to make leveraged arbitrage profit investing decisions. It is hoped that 
this study will call people’s attention to this opportunity.  
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