
第
2
2
0
0
1 0 6

期 
年 月 

计 算 机 技 术 与发 展 
COM PUTER TEc}TN()I舭 Y AND Ⅸ ：VEI pMENT 

Vo1．20 No．6 

Jun． 2O1O 

一 种改进的Apriori关联规则挖掘算法 

张广路 ，雷景生2，吴兴惠 

(1．海南师范大学 数学与统计学院，海南 海口 571158； 

2．南京邮电大学 信息与技术学院，江苏 南京 211815) 

摘 要：关联规则挖掘是数据挖掘中的一个重要研究内容。为了高效、快速地从事务数据库中挖掘出频繁项集，针对数据 

挖掘的经典关联规则 Ap6o6算法的瓶颈问题提出了改进的方法。算法将事物数据库映射到布尔型数组中，然后所有的操 

作都针对数组元素值展开。这样大大减少了数据库的扫捕次数。算法利用数组的随机访问特性及布尔型数据的简单 

“与”操作，直接产生频繁项集，而不产生大量的候选项集。经理论分析和实验结果显示该算法在效率上明显优于 Ap~fi 

算法。 
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Abstract：Association rule mining is an important part of resea~,h content in data mining．In order to efficiently and quickly mine all fre— 

quentitemsetfrom thetransaction damhase，animproved algorithm ofmining association rulesispresentedforthe bottleneck problemof 

the ela~ieApfiofi algorithm．Thetransactiondatabaseism~pped to130o1 array．then alltheoperatiorts are carried OUt basedon array ele． 

ments value，thexeby reducing the database scanning frequency．Then use bit,vise“AND”operation and ran&~ acceSs characteristics of 

array，a direct consequence of frequent itemsets，rather than have a large number of candidate sets，thereby improving the efficiency of 

the algorithm ． 

Key wol-ds~dam mining；association rules ；Apriofi algorithm ；frequent itemset 

0 Introduction 

Mining Association Rules is a research field by pro— 

posed earlier，as an important part of data mining，that 

has experienced the development of a longer period of 

time．Association rule nfining airns to find rules in the 

tran~ctions database D with Lkser given minimum support 

and minimum confidenee，that can be seen as two pro． 

ceases：First，finding all frequent itemsets，i．e．，each of 

these itemsets will be occurred at least as frequently as a 
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predetennined minimum support count，rain—sup．Sec— 

and，generating interesting association rules from the fre． 

quent itemsets，i．e．，these rules must satisfy minimum 

support andminimum confidence．BecauSethe second step 

is much less costly than the first step，the overaH perfor— 

mance of mining  association rules is determined by the 

first step，so mining  association rules is usually converted 

to mining frequent itemsets．Nowadays，there have many 

works[卜 focus Oil frequent itemsets mining
． Frequent 

pattern mining often generates a very large number of pat— 

terns and rules，which reduces not only the efficiency but 

￡d∞ the effectiveness of mining[ ， 
． To efficiently solve 

the problem，traditional algorithms like Apriori[ ]and its 

variants[9-u]focus on reducing  the number of database 

scans as well as cutting down the enum eration space of 

candidate iternsets(CI’s)．By the downward closure 
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propertyof FI’s—allsubsetsof a frequent itemset must al一 

,
so be．frequent—they can iteratively enumerate，prune，and 

test l—extension supersets of existing FI’s and end up 

with much reduced number of CI’s．The major problem 

with these algorithms is that their repeated search of prof 

use itemsets against the huge amount of transactions turns 

out to be very time—consuming and wastefu1．For dense 

databases with enormous long FI’s，the breadth—first 

search of the itemset lattice and subset testing  to prune 

CI’s by existing FI’s are both space and time consuming． 

Another innovative algorithm targeting  dense databases is 

FP—growth[12】
． It compacts the repetitive transactions 

into some concise FP—tree．Itemsets are organized in that 

frequency—。ordered prefix tree so that they share corfllnon 

prefix part as much as possible．T}1is approach can cut 

down the database sizes and reduce repeated computation 

for densedatabases．Inthispaper，an effectiveminingal— 

gorithm is propo~ l based on two——dimensional 13o01 fir— 

ray．Algorithm uses bitwise “and’’operator and a random 

act2eF~characteristics of array。mine frequent 一itemsets 

Lk，but does not have a generation of candidate itemsets， 

which more efficient generate frequent 一itemsets． 

1 Problem Description 

Let D，be a set of transaction database；let I {f0， 

jl，j2，⋯， }bea setofitems，Iiisthefirst item，Let 

T={ ，丁1，T2，⋯， }be a set of transactions in D， 

is the first ith transcation，which by I the —compo — 

nents that can be expressed a$Ti {t／d， 1，z2， 3，⋯， 

}，of which ∈I(1≤ ≤ )，，z is the size of transae— 

tions，tid is a transaction identifier．A Set of items is re— 

ferred to be as itemset．An  itetnset that contains k items is 

a k—itemset．The occurrence frequency of an itemset is 

the number of transactionts that contain the itemset，that 

is also known，simply，as the frequency，support count of 

the itemset，if the support count of an itemset I satisfies a 

prespecified minimum suppo rt threshold，then I is a fre— 

quency itemset，the set of frequency k～itemset is com— 

moray denoted as Lk．e．g．X={I1，I2，Is，⋯。 l，of 

which sup(X)expressed the transaction number of X，if 

sup(X)>~min—sup，then itemset X is frequency k—item 

Set which be known Lk．In this paper，the task is to de— 

sign an algorithm  in a given user— defined mi nimum sup— 

port and minimum conditions， only by scanning of 

database D once，to map the database to the two— di— 

mensional Bool array，then mine all frequent itemsets 

from the array． 

2 Description of Improved Apriori Algo- 

rithm 

Algorithm  uses the vertical express format of 

databases， thereby reducing the thne and space cost． 

Database，there are two express format：the horizontal 

data format and vertical data fommt(P．Shenoy[5]and 

others have verified the vertical data format that is better 

than the horizontal data format)．Table 1 and table 2 give 

two express formats．Based oil the vertical data format al— 

gorithm  is propo~ in this paper：Each item is expressed 

th a binary array elements．Let Tdarray[7y1][71]is 

the 13o01 two——dimensional array that express the entire 

da tabase．that is： 

⋯ f 1 L∈ TD

array[ 1o 
In which u ： 0，1，2，⋯ ，m ， = 0，1，2，⋯ ，，z． 

硒 e Application of 130o1 array form at aims to e~ave 

time of calculating the support count，and reduces the 

num ber of scarfing array elemen ts，Because the Bool array 

have a random access features and can perform a simply 

bitwise “and” operator．Therefore get be tter time and 

space efficiency． 

Tahk 1 Horizot1tal data format 

TID Items 

丁0 

T1 

丁2 

T3 

丁4 

T5 

丁6 

丁， 

Tab1e 2 Vertical data format 

Item Tidset 

J0 

JI 

，2 

3 

f4 

j5 

2．1 Description of Algorithms— Relevant Fundamen· 

tal Property 

In order to better explain algorithm s，FlOW relates to 
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algorlthi~ 一relevant fundamental properties and charac— 

teristicsdescribed aSfollows： 

Property l：A儿nonempty subsets of a frequent item— 

set must also be frequent，and all superesets of a non／re— 

quentcy it~ set must also be not frequent． 

Property 2：iftheitma and Z ofthefrequent(k～ 

l一)itemsets are not satisfied with the joining condition- 

al，then the item and all items after item  i file not saris- 

liedwiththejoining conditiona1． 

This property is a kind of optimization of the join 

conditionsforApriori algorithm，becauseallitemsofitem— 

set about Apriori algorithm  are sorted in lexicographic or— 

der。Nowlet 一1={Zl，z2，Z3，⋯， -1}，each Zf∈ 一1 

and each Z ∈ 一1(1≤i<j ≤足一1)，if there is not have 

the equation of li[1]=／j[1]A li[2]=li[2]A⋯A li[五 
一 2]= [忌一2]A li[忌一1]<6[k～1]，then the equa． 

tion of li[1]=“ l[1]A li[2]=“l[2]A⋯  ̂[曼一 

2】= +l[ 一2]A l[k一1]<fj+l[k一1]is not satis— 

fled．Therefore．it is not need to determine the possibility 

of joining of the item 2{and all items after the item of fj． 

Somakeuseofitemsets characteristicsbe tweentheorder- 

ly operation to reduce the number of connections in order 

to improve algorithm  efficiency． 

Property 3：If let 一1 is a set of frequent k一1 

it~nset where each itemset ci is fl set of item  and V Ii∈ci 

such that IL̂一l(‘)I<k一1(ofwhich I —l(‘)I ex— 

press the num ber of the occurrence in frequent itemsets 

一 1)，then all candidate走itemsets generated by舢 de· 

ments of non——connect to c 

itemsets． 

Use the property to reduce the size of frequent(k一 

1)一it~asets 80 asto reduce thenum berofcomparisonof 

generating frequent k — iternsets．So before generating 

， -1 can be performed the pruning  treatment．Be— 

ca、璃e if the items li in the collection appear in Lk-1 is less 

than the number of K一1，then after the join，L 一1∞ 

Lk—l，support coLlnts of all itemsets which include item 

are 1ess then k，s0 itemsets which include item J will be 

removed from itemsets Lk—l，Thereby improving the effi— 

ciency of algorithm ． 

2．2 Algorithm Implementation Steps and Algorithm 

Design 

The improved Apriori algorithm  of mining  frequent 

itemsets will be divided into three performing steps． 

① The initialization step． 

Ilhe database is mapped to the two— dimensional 

Be ol array by scanning the database once．At the 8alTle 

time，define a one—dimensional array which wi!I stat the 

num ber of transaction contains one item  in database． 

Then in accordancewiththe resultofthe statingtogener— 

ate the frequent l— itemset LI，and let candidate fre— 

quentl—itemset Cl L1． 

② join step． 

The join， —lo。 —l(k from 2 to start)is per— 

formed，generating the set of frequent k—itemsets wi th— 

out the Candidate k— itemset，where mem be rs of —l 

are joinable if their first(k一2)items are in comrllon and 

the property 2 is satisfied by the first k一1 itelns．At the 

same time，calculate the support count of itemset c gener— 

ated．For examble let f={10，I1，12，⋯， }，support(f) 

=sum(TDarray[0]ATDarray[1]ATDarray[2]A⋯  ̂

TDarray[k])=TDarray[0][0]A TDarray[1][0]A⋯ 

ATDarray[足][0]+TDarray[0】[1】ATDarray[1][1] 

^⋯A TDarray[蠡][1]+⋯+TDarray[0][n]̂ r． 

ray[1][ ]̂ ⋯A TDarray[k][，1]．If support(c)≥ 

min—sup，then Lk=L Uc is performed． 

③ The prune step． 

Based on the property 3，counting  the ntm~ber that 

lu 1u∈ l、)occurrence in and recording the result in 

the array of Â [z‘](here Ak[“]refers to the number 

that L(L∈I)occurrence in Lk)．If A [“]<k，then 

C =Lk—c is performed，of which c∈Lk and L∈c． 

Repeat this processuntilthe candida tefrequentlygenerate 

k—itemsets denoted ．The purpose of performing  prune 

step is to reduce the size of k—‘itemsets an d to improve 

the efficiency of algorithms．And then k++be performed 

and back to steps 2 until < 2． 

Algorithm  design：Improved Apriori Algorithm  

Input： 

* D：a database of transactions； 

min～sup：the minimum suppo rt count threshold． 

Output：L。frequent item—sets in D ． 

Method： 

(1)for(i=0；i<=m；i十十)／／initialization 

for(_i=0；j<=n；j十十) 

(2)if(Ii∈ ){TDarray[i][j]=l； 

(3)B[i]+ +；／／count the transaction number 

which include item I|l 

(4)elseTDarray[i][j]=0； 

(5)for(j：0；j<m；j++)／／generate frequency l 
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一 itemset Ll 

(6)If(13rj]>=rain—sup)LI=L1UIj； 

(7)else delete TINrray[i]；／／remove the lOW va|He 

of unfruitful item，packed array 

(8)free(B)；／／saving space 

(9) = ； 

(10)for(k=2；l CkI>2；k++){ 

(11) =find一{requent—k—itemsets(Ck—l，Ⅵ ray 

[m][n]，min—sup)；／／generate frequent k—itemset 

(12)for‘each itemset c∈k 

(13)for each item Ii∈C 

(14) [j]=I．．count++；／／Statistics the times 

that Ii(Ij∈I)appear in and records the result in the ar- 

myof [u] 

(15) ： TDarray—gem ( ， [m])／／prune 

setp：ca1l porcedure TDarray—gen 

(16)If(1 CI【l<2) 

(17)Return —l； 

(18)} 

procedure find—frequent—k—itemsets( 一1，]f1)ar_ 

ray[m][13]，min—sup) 

(1)for each itemset li∈G‘一l 

(2)for each itemset lj∈ —l{ 

(3)if(1i[1]：I[1]̂ li[2]=I[2]̂ [3]：I[3]．．．L 

[k一2]= [k一2]̂ li[k一1]< [k一1])／／based Oil 

property 2 

(4){c=li∞ ／／ioin setp： 

(5)for(u 0；u<=n；u++) 

(6)if(I ∈e){C[n]=T[~rray[u]；／／copy the 

value of the first item to array C[n] 

(7)break；} 

(8)for(j=u+1；j<=n；j+十) 

(9)if(Ii∈c) 

(10)C[n]=C[n]̂ Vmatrix[j]； 

(11)d=support(C[n])； 

(12)if(d>min—sup) 

(13)Lk=cU ；／／generate frequent k—itemset 

(14)} 

(15)else break；／／stop Compari~n and join 

(16)}{ 

procedure TDarray—gen(CI【， ， [m]) 

(1)for(j=0；j< ．1egth；j++) 

(2){If( [j]<k) 

(3)for each cE and Ii∈C 

(4)CIc= —c； 

(5)future Cl‘；} 

3 Algorithm ．~ alysis 

．1 Examples Analysis 

In order to better explain the algorithm implementa— 

tion process，nOW takes 8 records from the database to 

show．Transaction database aS shown in table 2．The pre一 

~rming process is as follows： 

(DThe transactions in D are seaned in order to ini— 

tiali~tion array TDarray[4,10]
，
that eorresI~nds tO the 

value of the array elements such as shown in table 3，at 

the same time counts the number of oeculTenco~ in 

database 0f each item and records the result in the array of 

B[ 】in order to generates the frequent 1一itemset． 

Table 3 Array dement value list 

丁l 丁3 1̂6 n 

②Suppose that the minimum support count thresh— 

old required 2，that is，min—sup 2(Here the eorre— 

sponding relative support is 2／8=25％)．The Set of fre— 

quent 1一itemsets is denoted L1．that can be determined 

by scorning array Bc引
．Ll={10，Il，J2，J3，J4，I5}． t 

Cl=L1．free B[4】． 

③ The join，Cl∞Ct is performed in order to 

generate the Set offrequent 2一 iteImsets which is denoted 

L2．L2= t t o，fl}，{fo，f2}，{I1，f2}，{工1，13}，t J|1， 

j4l，{f2，I4}，{I3，I4l，{I4，fs}} 

④ Based on property 3，prunes L2，then generetes 

the set of candidate frequent 2一itemsets that i5 denoted 

C2，because A2[ 】< 2，then the itemset{J4，，5}that 

include item J2 will be removed from L2．So C2 {{10， 

，l}，{ ，，2}，t，1，，2}，{jI’J3}，{ l，j4}，{J2， 4}，{I3， 

J4}} 

⑤ The join，C2ooC2 is performed in order to 

generate the set of frequent 3——itemsets which is denoted 

L3． 

Before performing the C2∞ C2，the items in the set 

0f C2 are checked in ll，12，13，14，Z5，16，17，We find ll 

and 3 not satisfied the connection conditions of algorithm 

O  l  l  1  l  1  

O  O  O  l  1  O  

O  1 O  O O  O  

l  1  I  O  O  O  

O  l l  O  1  O  

l  O  l  O O  O  

O  l  O  l  1 O  

1  l  1  O  l  1  

0 l 2 3 4 5 ，■ f  f  r^ rJ ，  
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Iset Count 

tl0) 3 

Scan D for ‘I1) 6 

coul~office {12) 5 

= (I3l s l篷m - ’ 
tl。) 5 

{I ) 2 

ISet Count 

(10} 3 

cI=Li {13 6 C~o~C1 

． ． ． ． ． ． ． ． ． ． ．  {I2) 5 — —  

{I3) 

{I4) 

{Ij) 

L2 

ISet Count ISet Count 

Fig 1 Generation of frequent itemset and candidate itemset，where min
— sup is 2 

fin&frequent—k—itemsets()，thenthejoinoperationoff1 

and 14，ls，16，17 not be performed，too．So we can break 

in it，perform 12co13 and others．In the end L3： {{10， 

J1，J2}，{J1，J2，14}，{，1，I3，14}}． 

⑥ By setp④，can seethe setof candidatefrequent 3 
一

itemsets is empty，so the process is stop． 

W e use figure 1 to illustrate the improved Apriori al— 

gorithm for finding frequent itemsets in D 。 

From the algorithm design and algorithm  perform —— 

ing process analysis，improved Apriori algorithm (be de— 

noted ATMC1)，mainly from the following points better 

than the classic Aprio~algorithm (be denoted ATMC2)： 

the number of scanning database；the number of generat— 

ing a set of candidate itemsets；the num ber of join and 

comparing and space utilization．In this paper，the imple- 

mentation of the example described in table 4 contrast． 

Judging from the contrast，improved Apriori algorithm  

significantly better than the classical Apriori algorithm  

Table 4 Comparison of the algorithm  before 

and after improvement 

3．2 Experimental Analysis 

In thispaper，test a large numberof experimental da- 

ta．Test environment：J2EE，SQL Server2000，Pentium 4 

processors，512M memory，120G hard drive．Experimental 

data from an information Iibrary of a particular City Li— 

brary in 2006 that recorded books borrowing information 

of this year．10000 data records are tested．in order to i— 

dentify the demand for al1 types of books of readers that 

2 

3 

2 

are from the wide variety of industries，a variety of age 

groups and the academic background．Co mparison of ex— 

perimental data has been shown in figure 2．The experi． 

mental results show that the improved hpriori algorithm  

has better efficiency than classic Apriori algorithm ． 

}_1-．1 。[】I。[】|． 『一 I! ! !型A』￡ ! } 
O．2 0．4 O．6 O．8 0．9 

MinsupportNA 

Fig 2 Co mparison of the algorithm execution time 

before and after improvement 

4 Conclusion 

In this paper，mainly from the following suggestions 

t0 improve on the Apriori algorithm  for mining  association 

rules：First，algorithm  uses the vertical express format of 

databases and map transaction database to array，therefore 

reducing the number of scanning database and reduce the 

access I／0 frequency。improve utilization of space．Sec— 

ond．algorithm  uses bitwise“and’’operator and a random 

acce．ss characteristics of array，improve the speed of statis· 

tics of data itemset support count．That is．the nurnbe r of 

K曲 一performance computing to replace the relatively in- 

efficient computing．Direct generation of frequent k — 

itemsets，rather than have a candidate itemsets，so reduce 

the system cost．1、hird，change the way of joining and 

comparing by using the orderly property of itemsets． 

Fourth，based oil property 3，reduce the size of generating 

frequent k —itemsets．From the theoretical and experi一 

(下转第92页) 

∞ ∞ ∞ ∞ {己佃o 

∞ 巨一- 盘一g基 



· 92· 计算机技术与发展 第2O卷 

声、拉普拉斯噪声到柯西噪声，它们的密度函数的拖尾 

从无逐渐变厚，噪声取较大值的概率逐渐变大Do]，适 

量噪声改善多元信号和信息处理的能力被中和。 

4 结束语 

基于互信息研究了四种典型噪声下多阈值系统中 

的SR现象。通过理论计算和计算机仿真得到：多阈 

值系统中，当输入信号在阈上时，噪声总是恶化系统的 

性能；当信号在阈下时，适量的噪声能够改善系统的性 

能，即SR现象存在。随着阈值系统阈值的增大，随机 

谐振功效降低，最佳噪声强度逐渐增大。相同阈值时， 

四种典型噪声作用下的互信息随噪声强度的增加的所 

能达到的最大值不同，也即SR的功效不同，均匀噪声 

下 SR的功效最好，柯西噪声下 SR的功效最差。 

基于相关系数讨论多阈值系统中的随机谐振也能 

得到类似的结论。这些结果说明了多阈值系统中SR 

现象可能存在，且对噪声具有一定的鲁棒性，拓广了 

SR在多元信号与信息处理中的应用。 
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