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ABSTRACT 

Apriori  algorithm  is  a classical  algorithm  to determine the  frequent itemsets  in  association  rule  mining for large databases. This 

classical algorithm is inefficient due to so many scans of database for calculating the support.  Many works were devoted to improve 

Apriori algorithm. In this paper, we propose an improved Apriori algorithm , which can find supports of frequent-itemsets by only 

one scan of database applying hashing-method upon databases where lengths of transaction recordes are  not relatively so long and 

the numbers of items are not relatively so many.  
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1. INTRODUCTION 
Data mining(DM) also known as Knowledge Discovery in 

Database(KDD). Data mining is a process of an algorithm to 

abstract novel and useful patterns from the database. 

Association rule, partitioning pattern, classification pattern, 

clustering pattern etc are abstracted patterns by Data 

mining,  Association rule is a typical example. Association is 

based on discovering frequent itemsets. Most works to 

discovery whole frequent itemsets effectively are based on 

Apriori algorithm. 

First, Apriori algorithm generates the candidate itemsets and 

find the frequent itemsets from them.  Next, the found 

frequent itemsets are used to generate the sets of candidate 

itemsets in next iterative step, and so on, until no more 

frequent itemsets can be found. 

The most previous methods  were devoted to reduce number 

of candidate itemsets and size of database. [2-4] Apriori 

algorithm starts works with generation of the candidate 

itemsets and then, extracts the frequent itemsets from them. 

The frequent itemsets extracted here are used for generating 

other candidate itemsets in next step. 

These steps are repeating until no more itemsets can be 

extracted. The major proceding approches had been evolved 

in the direction of reducing the number of candidate itemsets 

or the size of database. 

J. Singh[1]  reduces the  size  of  the  candidate  set  of  k-

itemsets, Ck, and reduces the I/O spending by cutting down 

transaction records in the database to improve Apriori 

algorithm faster and better.  Although   this   improved   

algorithm as inefficient as ever because of  repeat scans of 

database after every generation of Lk  a  set  of  candidate  k-

itemsets. 

We  consider possibility to find supports of frequent-itemsets 

by only one scan of database applying hashing-method every 

generation of Lk upon databases where lengths of 

transaction records are  not relatively so long and the 

numbers of items are not relatively so many and propose 

improved algorithm (SOT algorithm).  

2. Finding Frequent Itemsets by Using 

Hashing Method 
In this section, we consider process of algorithm to find 

frequent itemsets by using hashing-method for examples. 

Items and database are shown in Table1. Suppose minimum 

support count min_sup=3. 
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Table 1. Items and Databases  

 

Table 2. Generation of Transactions Database and Itemsets 

 

First we scan all transaction  to generate k-itemsets as 

Table2. We scan T1 to generate the  set  of  frequent  1-

itemsets, the  set  of  frequent  2-itemsets and the  set  of  

frequent  3-itemsets, since SOT of T1 is 3. Each sets of 

frequent itemsets are generated as in Apriori Algorithm, that 

is, we join A,C,G to generate set of 2-itemsets, AC,AG,CG and 

set of 3-itemset, ACG. 

The tables from 3 to 11 shows the process that new address 

space is generated with value 1 and the value of exis?ng 

address space is increased by 1, by investigating each 

transactions and using hash function for all subitems which 

can occur in a transaction.  

AC, AG,CG,ACG, generated by T1, store value of 1 in address 

space 13, 17, 37,137, generated by Hash func?on(Table 3). 

Next we generate itemsets of T2, and if corresponding 

address space exists, then we increase value of address space 

by 1, unless it exists, we generate new address space and 

suppose its ini?al value is 1. (Table 4) 

Table 3. A0er reading transac1on T1 

 

 

Table 4. After reading T2 

 

In the same way, we obtain from Table 5 to Table 11 by 

reading T3 – T10. 

Table 5. After reading T3 

 

Table 6. After reading T4 

 

Table 7. After reading T5 

 

Table 8. After reading T6 

 

Table 9. After reading T7 

 

 

Table 10. After reading T8 

 

  

Table 11. After reading T9 and T10 

 

 

 

Table 12. Frequent itemsets 
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First, Apriori algorithm determines the support for set of 1-

itemsets and confirms whether they can be the set of 

frequent 1-itemsets. Next, the set of candidate 2-itemsets is 

generated from the set of frequent 1-itemsets by using 

Apriori algorithem generating set of candidate itemsets, 

which are used to find the set of frequent 2-itemsets. Such 

sequential iteration is applied in the most prior algorithms, 

but our algorithm don’t pass this iteration and don’t need to 

confirm every steps, since it determines the support of all 

itemsets by only on scan of database. 

1-itemset needs to generate the candidate of next step in 

finding association rules, but it is meaningless in finding 

association of items, since association of one item doesn’t 

exist. 

As shown in Table2, the support of each classified itemset is 

stored in each address space generated by using Hashing 

function. Each itemset, which can be generated in 

transactions consist of  database, have a unique address by 

Hashing func?on, and the value is increased by 1 each ?me 

the same subitems exist in that address space. 

After all, as we finish scanning all itemsets, the address space 

are generated and the support is stored in it for each itemset. 

Next, the support stored in each address space is compared 

with min_sup to abstract address space that its support is 

greater than min_sup and we find set of frequent itemsets by 

corresponding itemsets. 

Finally, we can find all frequent itemsets by only one scan of 

database. Of course, the problem for memory space should 

be considered in large database which length of transation is 

long and number of candidate items is large.But the length of 

transaction varies with application.  

For example, as we suppose one transaction is goods sold in 

one day, the length of transaction is long because kind of 

goods and consumers are various.  

However, when users access web site in order to find their 

interesting information, as we suppose one transaction is 

visited pages by users, the length of transaction is short 

relatively because the most users search necessary 

information thougth users visit many pages. 

Moreover, there is a possibility of applying the algorithm 

presented in this paper when SOT algorithm generates 

frequent itemsets, because the number of items is decreased 

and the length of transactions becomes small in that case. 

The details of this fact is discussed in the next subsection. 

3. Transaction Removing and Combination 

with Hash Method 
SOT algorithm discovers frequent itemsets sequentially 

according to the value of k and removes transactions from 

database where the value of SOT coincides with k. Figure 1 

shows this process for the database of table 1. 

First, We calculate SOT for the given database D. In this case 

first database search (10 transac?on reading) is conducted. 

Second, using this algorithm, second database search (10 

transaction reading) for obtaining candidate set C1 is 

conducted and 7 database search (10 * 7 = 70 transaction 

reading) for calcula?ng support degree of each 1-itemset. 

Then 1-frequent itemset class L1 is obtained using minimum 

support degree 3. 

Next, the database search (10 transac?on reading) is 

conducted to remove transactions satisfying k = SOT from 

database D and to obtaine database D1. And the database 

search (9 transac?on reading) for calcula?ng SOT from D1 is 

conducted and the database search (9 * 6 = 54 transac?on 

reading) for obtaining support degree of the candidate set C2 

of 2-itemsets. Then, 2-frequent itemsets class L2 is obtained 

using minimum support degree 3. 

 

 

 

Figure 1: Execution Process of SOT Algorithm 

In the same way, the database search (9 transac?on reading) 

is conducted to remove transactions satisfying k = SOT from 

D1 and to obtain database D2. And the database search (4 

transaction reading) for calculating SOT from D2 is conducted 

and the database search (4 * 2 = 8 transac?on reading)  for 

obtaining support degree of the candidate set C3 of 3-

itemsets. Then, 3-frequent itemsets class L3 is obtained using 

minimum support degree 3. 

From the above itera?on processes, we can conclude that 22 

database search (184 transac?on reading) is needed, where 

15 database search (132 transac?on reading) is for 

calculating support degrees. 

If we combine the Hash method of the paper with SOT 

algorithm, there is no need to do database search for 

calculating candidate itemsets C1, C2, C3 in the sequential 

process of 3 stage such as Figure 1 and it is possible to 

directly calculate support degree in database search for 

calculating SOT. 
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Table 13. Comparison Result 

 

The algorithm for finding frequent itemsets which combines 

Hash method with the above trasaction removing algorithm 

is as follows. 

[Algorithm]  

Input data    D: database ;   min_sup: minimum support 

degree  

Output data    L: frequent itemsets class of D  

 

Address = ∅ 

for ∀t ∈ D { 

     HL1=1-itemsets class(t); 

     for(k=2; HLk-1≠ ∅ ;  k++){  

          HCk=apriori_gen(HLk-1);  

          for ∀c ∈ HCk  { 

                Address(k, c) = Hash(c); 

                if Address(k, c) ∉ Address { 

                   Address = Address ∪ Address(k, c); 

                   Value(k, c) = 1; } 

                else  

                   Value(k, c)++; 

          } 

          HLk = HCk; 

 if(k>=2){  

      delete_datavalue(D, HLk, HLk-1);  

      delete_datarow (D, HLk); }   

} 

} 

for ∀Address(k, c) ∈ Address  { 

     Lk={ Hash
-1

(Address(k, c)) |Value(k, c)≥min_sup };  

} 

return L=∪k Lk ;  

  

        Procedure apriori_gen(Lk-1: (k-1)-frequent itemsets class)  

for ∀l1∈ Lk-1 {  

     for ∀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 {  

           c=l1 ∞ l2;  

           for ∀ l1 ∈Lk-1 {  

                for ∀ c ∈ Ck {  

                     if l1 ⊆ c then  

                        c.num++; }}}}}  

C'k={ c ∈Ck |c.num=k};  

return C'k;  

  

        Procedure delete_datavalue (D: database;  Lk: k-frequent 

itemsets class; Lk-1: (k-1)- frequent itemsets class)  

for ∀i ∈Lk-1 and i ∉ Lk{  

     for ∀ t ∈ D{  

          for ∀ datavalue ∈ t{  

               if (datavalue=i)  

                  update datavalue=null; } 

     } 

}  

  

        Procedure delete_datarow (D: database;  Lk: k- frequent 

itemsets class)  

for ∀ t ∈D{  

     for ∀ datavalue ∈ t{  

          if(datavalue!=null and datavalue!=0 ){  

             datarow.count++; }}  

    if(datarow.count<k){  

       delete datarow;}  

} 

 

First we scan all transaction  to generate k-itemsets as 

Table2. We scan T1 to generate the  set  of  frequent  1-

itemsets, the  set  of  frequent  2-itemsets and the  set  of  

frequent  3-itemsets, since SOT of T1 is 3. Each sets of 

frequent itemsets are generated as in Apriori Algorithm, that 

is, we join A,C,G to generate set of 2-itemsets, AC,AG,CG and 

set of 3-itemset, ACG. 

4. Conclusion 
The algorithm presented in the paper, which inherits the 

advantage of SOT algorithm which removes unnecessary 

items and transactions by considering the number of items of 

transactions, can calculate support degree by searching 
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database only one time. And it can be directly applied for 

finding frequent itemsets in the case that the number of 

items is relatively small.  

The algorithm presented in the paper is not affected from the 

minimum support degree unlike the Apriori method whose 

performace depends on the minimum support degree. 
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