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Sequential Pattern Mining with Optimization Calling MapReduce
Function on MapReduce Framework

Jinhyun Kim' - Kyuseok Shim"™

ABSTRACT

Sequential pattern mining that determines frequent patterns appearing in a given set of sequences is an important data mining problem
with broad applications. For example, sequential pattern mining can find the web access patterns, customer’s purchase patterns and DNA
sequences related with specific disease.

In this paper, we develop the sequential pattern mining algorithms using MapReduce framework. Our algorithms distribute input data to
several machines and find frequent sequential patterns in parallel. With synthetic data sets, we did a comprehensive performance study
with varying various parameters. Our experimental results show that linear speed up can be achieved through our algorithms with
increasing the number of used machines.

Keywords : Data Mining, Sequential Pattern Mining, MapReduce, Hadoop, Parallel Processing
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Sequence_id Sequence
10 <(a)(@abc)(ac)(d)(cf)>
20 <(ad)(c)(bc)(ae)>
30 <(ef)(ab)(df)(c)(b)>
40 <(e)(@)(af)(c)(b)(c)>
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Prefix | Projected database Sequential Patterns
<(a)>, <(alla)>, <(a)(b)>,
<(a)(bc)>, <(a)(bc)(a)>,
<(abc)ac)d)cf)>, | <(a)ib)(a)>, <(a)(b)(c)>, <(ab)>,
P <(_d)c)be)(ae)>, | <(ab)(c)>, <(abMd)>, <(ab)(f)>,
<(_bNdD(c)(b)>, <(ab)(d)(c)>, <la)c)>,
<(_f)e)b)c)> <(a)e)a)>, <(a)c)(b)>,
<(aMc)e)>, <(a)d)>,
<(a)(d)(c)>, <(a)f)>
<(_elac)(d)cf)>, <(b)>, <(b)a)> <(b)c)>,
<(h)> <(_cNae)>, <(be)>, <(bellar>, <(b)d)>,
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Function SP_NAIVE.main(S, min_sup)

Input A sequence database S, Minimum support threshold
min_sup

Output The complete set of frequent sequential patterns
begin

1. L:=0,DB:=S§, allPat := { }

2. while DB is not empty do {

Set DB and min_sup to Count.Map
runMapReduce(Count.Map, Count.Reduce)

fregPat ‘= getReduceOutput()

Set DB and freqPat to Proj.Map
runMapReduce(Proj.Map, Proj.Reduce)

projDB = getReduceOutput()

allPat := allPat U freqPat

DB = projDB |}

return allPat

EEYXNoaoew

end

Function Count.Map(key, value)

key null

value a string

begin

1. (prefix, postfix) = preProcess(value), EmitList := { }
2. for each element e in postfix do {

3. itemList = { }

4. for each item i in e do |

5. if (prefix «i & EmitList) then {

6. emit(prefix * i, 1)

7. itemList = itemList Uprefix *i }

8. if the last element of prefix < itemList and
(prefix » _iZemitList) then {

9, emit(prefix » _i, 1)

10. emitList := emitList U prefix+ i )

11. itemList = jtemList U i } }

end

Function Count.Reduce(key, valuelist)
key a prefix
value a list of 1s
begin
count =
for each value v in valuelist do {
count = count + 1
If count = min_sup then {
emit(key, null)
break ) )

S e =

end

(38 5) SP_NAIVE.MainZ} SP__NAIVE.Counte| MapZ} Reduce

Function Proj.Map(key, value)
key prefix
value a string
begin
Load freqPat, EmitList = { }
(prefix, postfix) = preProcess(value)
for each element e in postfix do {
itemList := { )
for each item i in e do {
If (prefix * iZemitList) and prefix * iEfreqPat then |
emit(prefix « i, value/i)
emitList := emitList U prefix i }
if the last element of prefix < itemList and
(prefix » _iZemitList) and prefix * _i€freqPat then |
10. emit(prefix * _i, value/i)
11 emitList := emitList U prefix» i }
12. itemList := itemList U i} }
end
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Function Proj.Reduce(key, valuelist)
key a prefix

value a list of postfixes

begin

1. count =0

2. for each value v in valuelist do {
3. emit(key, v) }

end

(1 6) SP_NAIVE.Projo| Map=zt Reduce
3. 33 a3
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Function SP-ADVAN.Main(S, min_sup)
Input A sequence database S,
Minimum support threshold min_sup
Qutput The complete set of frequent sequential patterns
begin
DB := S, allPat = { )
while DB is not empty do {
Set DB and min_sup to Map
runMapReduce(SP_ADVAN.Map,SP_ADV AN Reduce)
(freqPat, projDB) := getReduceQutput()
allPat := allPat U freqPat
DB := projDB }
return allPat
end

e B e

Function SP-ADVAN.Reduce(key, valuelist)
key a prefix
value a list of postfixes
begin
1. count := 0, preValue := { }, allPat := { }
2. for each value v in valuelist do {
3 count += 1
4, preValue = preValue U v
5. If count = min_sup then {
6. for each element v in preValue do {
7 emit(key, v) } }
8 If count = min_sup then {
emit(key, null) } }
end

(3% 9) SP_ADVAN.Main

229 B Afe] H7] f&o) o] (b (HEE AL
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Hojof Az @ AAxs} Z2AHE dolguo)Ag F
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