;~7ONs %Q %? !< %s %^ %$ %K %s %0 $N JBNs2= ?7C+ N4I’ 4nO"@n M% El5~Bg3X @8;:5;=Q8&5f=j ") 106 El5~ET9A6hO;K\LZ 7˘22˘1 TEL:03-3402-6231 F AX:03-3423-2834 f shintani, kitsure g @tkl.iis.u-tokyo.ac.jp $" $i $^ $7 %G !<%? %^ %$ %K %s %0 $G F@ $i $l $k>pJs $N $R$H $D$H $7 $F !$ ;~7ONs %Q%?!< %s$, $" $k !% %G !<%?%^ %$ %K %s %0 $, =hM} BP>] $H $9$k MzNr %G !<%? $O ;~4V>pJs $r 4^ $s$G $$ $k>l9g $, B?$/ !$ ;~4V<4 $K 1h$C $? 2r@O $r 9T $& $3 $H $K $h$j ;~4V $N ;} $D0UL# $r 4^ $‘ %k !< %k$N Cj=P $, 2DG= $H$J $k !%;~7O Ns %Q%?!< %s$O %G !<%?$N ;~4V>pJs $r 9MN8 $7 $? %G !<%?$N =P8= %Q%?!< %s $r <($9 %k !< %k$G$" $k !%;~7ONs %Q%?!< %s Cj=P $K$O ?tB?$/ $N %G !<%? $N =gNs $r D4 $Y !$ %G !<%?%Y!< %9 $r7+ $j JV $7 8! :w $9 $k I, MW $, $"$k $? $a !$ $= $N=h M} $O9bIi 2Y $H $J$j !$ 8z N( $NNI $$=h M} $K $O JBNs 2= $, IT 2D 7g $G $"$k !%K\9F $G$O !$ J,;6 %a %b %j7?JB Ns7W;;5!4D6- >e $G$N ;~7ONs %Q%?!< %s Cj=P $N JBNs=hM}J}<0 $K $D$$$F =R $Y $k!% $^ $? !$ <B :] $NJ,;6 %a %b %j 7?JB Ns 7W;; 5! >e $K <BAu $7 !$ Ds0F $9$k JBNs =h M}J} <0 $N M-8z @- $r L@ $i $+ $K $9$k!% %-!< %o !< %I : %G !<%?%^ %$ %K %s %0 !$ ;~7ONs %Q%?!< %s !$JBNs=hM}J}<0 P ar allelization of Sequential P atter n Mining T akahik o SHINT ANI and Masaru KITSUREGA W A Institute of Industrial Science, Uni v ersity of T ok yo 7˘22˘1 Roppongi, Minato-ku, T ok yo 106 Abstract One of the problem in data mining is discov ery of sequential patterns in large databases, where a sequential pattern is an ordered list of sets of items. Sequential pattern mining requires e xamining a large number of can- didate sequences and reading the database repeatedly . It is e xpected that parallel algorithms signi�cantly help to impro v e the performance. In this paper , we present the parallel algorithms for mining sequential patterns on a shared-nothing en vironment. W e implement these algorithms on a shared-nothing en vironment and describe the performance e v aluation from this implementation. K eyw ords : data mining, sequential pattern, parallel algorithm 1

1 $O $8 $a$K Bg NL $K C_ @Q$5 $l $? Mz Nr %G !< %?$r 2r @O $7 !$ $= $N Cf $K Kd$b $l $? M- MQ$J >p Js$r Cj =P$9 $k 8& 5f $H $7 $F !V%G !< %? %^ %$ %K %s %0 (Data Mining) !W $, Cm L\ $5 $l$F $$ $k !% %G !< %? %^ %$ %K %s%0 $G F@ $i$l $k >p Js$N$R $H $D $H $7 $F !$ ;~ 7ONs %Q%?!< %s (sequential pattern)[1, 2, 3] $, $" $k !% %G !<%? %^ %$ %K %s%0 $, =h M} BP >] $H $9 $kMz Nr %G !< %?$O ;~ 4V >p Js$r 4^ $s $G $$ $k >l 9g $, B? $/ !$ ;~ 4V <4 $K1h $C $?2r @O $r9T$& $3 $H $K$h $j;~ 4V $N ;}$D 0U L# $r 4^ $‘ %k !<%k $N Cj =P $, 2D G=$H$J $k !%;~ 7O Ns %Q %? !< %s $O !V A4 BN $N 5% $N8\ 5R $O A $H B $r 9X F~ $7 $? <!$N GcJ* $G C $r 9X F~$9 $k !W $N $h $& $J %G !< %?$N ;~ 4V >p Js$r 9M N8 $7 $? %G !< %?$N =P 8=%Q %? !< %s $r <( $9%k !<%k $G $" $k !%;~ 7O Ns%Q %? !< %s Cj =P $K$O ?tB? $/$N %G !< %? $N =g Ns $r D4$Y !$ %G !< %?%Y !< %9 $r 7+$j JV $7 8! :w$9 $k I, MW $, $" $k$? $a !$ $= $N =h M} $O 9b Ii 2Y $H $J $j !$ 8z N( $N NI $$ =h M} $K $O JB Ns 2= $, IT 2D 7g $G$" $k !% 2f !9 $O8= :_ $^ $G $K %G !< %? %^%$ %K %s %0$K$* $1$k Aj 4X %k!< %k (association rule) Cj =P $NJ, ;6 %a %b %j 7? JB Ns7W ;; 5! 4D 6-$r 4p K\ E*$J %b %G %k $H $7 $? JB Ns =h M} J} <0 HP A(Hash Partitioned Apriori) $r Ds0F $7 $F $- $? [4] !% Aj 4X %k !< %k $O !V A $H B $r 9XF~ $7 $? 8\5R $N 90% $, F1 ;~ $K C $b9X F~ $7 $F $$ $k !W $N $h$& $J %G !< %? 4V $N 4X O"@- $r <($9 %k !< %k$G $" $k !% HP A $G$O%G !< %?%Y !< %9 $r %N!< %I 4V $K J, 3d $7 $F 3d $j Ev$F $k$3$H $K $h $k %G %# %9%/ F~=PNO=hM} $N JBNs2= $N$_ $G$J $/ !$ C5:w 8u Jd$b %N!< %I 4V $K J, 3d $7 $F 3d $j Ev$F $k$3$H $K $h $j%7 %9 %F %‘ A4 BN$N <g 5- 21 6u 4V$r 8z 2L E* $K 3h MQ $9$k !% K\ 9F $G $O !$ %G !< %? %^ %$ %K %s%0 $K $* $1 $k ;~ 7O Ns %Q %? !< %s Cj =P $NJB Ns =h M} J} <0 $K$D $$ $F=R $Y $k !% $^ $? !$ <B:] $N J,;6 %a %b %j7?JBNs7W;;5!>e $K <BAu $7 !$ Ds0F $9$kJBNs=hM}J}<0 $NM-8z@- $r L@ $i$+$K $9 $k !% 2 ;~7ONs %Q %?!< %s $O $8 $a $K !$;~7O Ns%Q %? !< %s $r <!$N $h $& $K Dj 5A $9$k [1] !% %" %$ %F %‘$N =89g $r I = f i 1 ; : : : ; i m g $H $7 !$ k 8D $N %" %$ %F%‘ $NAH 9g $; $rD9 $5 k $N %" %$ %F%‘ =89g ( k -itemset) $H 8F$V !%8\5R %7 !< %1 %s %9 %G !< %? %Y !< %9 $r D = f s 1 ; : : : ; s n g $H $9 $k !%3FMW AG s i = f t 1 ; : : : ; t m g $r 8\5R %7 !<%1 %s %9 $H 8F $V!% 3F %7 !<%1 %s %9 $O %H %i%s %6 %/ %7 %g %s $N =8 9g $G $" $j !$ ;~ 9o$N =g $K JB$Y$i$l $F $$ $k !%3F %H %i %s %6 %/ %7 %g %s t j $O %" %$ %F %‘=8 9g ( t j � I ) !$8\5R ID !$ %H %i %s %6 %/ %7 %g %s ID !$;~9o $G 9= @.$5 $l $k !%;~7ONs%Q%? !< %s $O h a 1 ; : : : ; a x i $G I=8= $5 $l !$ 3F MW AG a y $O%" %$ %F%‘=8 9g $G $"$k !% ;~ 7O Ns %Q %? !< %s$O;Y ;} EY $H $7 $F !$ 8\ 5R %7 !<%1 %s %9 %G !<%?%Y!< %9 D $N $& $A!$ $=$N%Q%?!< %s$r4^$‘ 3d 9g $K$h $j I> 2A $5 $l $k!% $^ $?!$ %7!< %1 %s %9 s a = h a 1 ; a 2 ; : : : ; a n i $H s b = h b 1 ; b 2 ; : : : ; b m i $K $D$$$F !$ a i 1 � b 1 ; a i 2 � b 2 ; : : : ; a i m � b m $r K~ $? $9 @0?t i 1 < i 2 < : : : < i m $, B8:_$9$k $H$- !$ s a $O s b $r 4^ $‘ $H I=8=$9$k!% ;~ 7O Ns%Q %? !< %s Cj =P Ld Bj $O %f !< %6 $K $h $j @_ Dj $5 $l$? :G >. ;Y ;} EY $rK~ B- $9 $k A4 $F $N %Q %? !< %s $r8+ =P $9 $3 $H $K Aj Ev $9 $k !% $= $N=h M} $r<! $K <( $9 !% $O $8 $a $K %G !< %? %Y !< %9 $r8! :w $7 !$ 3F %" %$ %F %‘ $N;Y ;} 2s ?t $r?t $(>e $2 !$ :G >. ;Y ;} EY $rK~ B- $9 $k $b $N $r<h $j =P $7 !$ D9 $5 1 $N IQ=P %7!<%1 %s %9 (lar ge 1-sequence : L 1 ) $H$9 $k !% $3 $3 $G !$ k 8D $N %" %$ %F %‘ $+ $i $J$k :G >. ;Y ;} EY $rK~ $? $9 %7!< %1 %s %9 $rD9 $5 k $NIQ =P %7 !< %1 %s %9 (lar ge k -sequence : L k ) $H 8F $V!% <! $K L 1 $+ $i 2 $D $N %" %$ %F %‘ $+$i $J $k %7 !< %1 %s %9 $r :n @. $9 $k!% $3 $l$i$r D9 $5 2 $N 8uJd %7 !<%1 %s %9 (candidate 2-sequence : C 2 ) $H 8F $V !%:F $S%G !<%?%Y !< %9 $r 8! :w $7 $F ;Y ;} EY$r 5a$a !$IQ =P %7 !< %1 %s %9 $r 7h Dj $9 $k !%0J 9_ !$D9$5 k $N IQ =P %7 !< %1 %s %9 $r 5a$a $k =h M} ( %Q %9 k ) $O <! $N$h $& $K$J $k !% 1. 8uJd %7 !<%1 %s %9:n@. : D9$5 ( k � 1) $N IQ =P %7 !< %1 %s %9 ( L k � 1 ) $+ $i D9$5 k $N 8uJd %7 !<%1 %s %9 ( C k ) $r :n@.$9$k !% 2. ;Y;}EY $N ?t $( >e $2 : %G !<%? %Y !< %9 $r 8!:w $7 !$;Y;}EY $r 5a $a $k !% 3. IQ =P %7 !< %1 %s %9$N 7h Dj IQ =P %7 !< %1 %s %9$N 7h Dj : :G>. ;Y ;} EY $rK~ $?$9 $b $N $r<h $j=P $7 !$ D9 $5 k $N IQ=P %" %$ %F %‘=89g $H $9$k !% $3 $N =h M} $K $h $j <h$j =P$5 $l $? IQ =P %7 !< %1 %s %9 $, 5a $a $k;~7ONs%Q%?!< %s$G $" $k !% 3 JBNs=hM}J}<0 C1 0l %W %m %; %C %5 $N <g 5- 21 >e $K$9 $Y $F $N 8u Jd %7!< %1 %s %9 $r J] ;} $G $- $k >l 9g $K$O !$JB Ns 2= $O MF 0W $G 2

$" $k !% 8\ 5R %7!< %1 %s %9 %G !< %? %Y !<%9 $r %W %m %; %C %5 4V $K J, 3d $7 $F 3d $j Ev $F$k $3 $H $K$h $j !$ %G %# %9 %/ F~ =P NO $NJB Ns 2= $, <B 8= $G$-$k !% $7 $+ $7 !$ %G !< %? %^%$ %K %s%0 $, =h M} BP >]$H $9 $k %G !< %?%Y !< %9 $, Bg 5, LO $G $" $k $? $a!$ C1 0l %W %m %; %C %5 $, $9 $Y $F $N8u Jd %7!< %1 %s %9 $rJ] ;} $G$- $J $$>l 9g $, B? $$!% $^ $?!$ ;~ 7O Ns %Q %? !< %s Cj =P $G$O C5 :w 8u Jd$H $7 $F %" %$ %F %‘$N =g Ns $r D4$Y$J $1$l$P $J$i $J $$ $? $a !$ $=$N C5 :w 8u Jd ?t $O Aj4X %k !< %k Cj=P$h$j $bB? $/ $J $k !% K\9F $G $O !$ $9 $Y $F $N 8u Jd %7!< %1 %s %9 $rC1 0l %W %m %; %C %5 $N <g 5- 21>e $K J];} $G$-$J$$ >l9g $K 4X$9$k9M;! $r ?J $a $k !% 3.1 Non Partitioned Sequential Patter n Min- ing : NPSPM NPSPM $G $O 8uJd %7!< %1 %s %9 $r A4%N !< %I $K J#@= $7 $F =h M} $9 $k !% ?^ 1 $K %N !< %I n $G$N %Q%9 k $N=h M} $r<( $9 !% $^ $? !$ MQ $$ $?5- 9f $NDj 5A $rI= 1 $K <( $9 !% I= 1: 5-9f $N Dj5A L k Sets of all the frequent k -sequences C k Sets of all the candidate k -sequences jC k j The size of C k in bytes D n Customer-sequences stored in the local disk of the n -th node C d k Sets of fragments of the candidate k -sequences. Each fragments �ts in the local memory of a node. j C d k j The size of C d k in bytes L d k Sets frequent k -sequences deri v ed from C d k 1. 8uJd %7 !<%1 %s %9:n@. : L k � 1 $+ $i C k $r :n @. $7 !$ A4 %N !< %I $K J# @= $9 $k !% 2. ;Y;}EY $N ?t $( >e $2 : %m !< %+ %k %G %# %9 %/ $+ $i 8\ 5R%7 !< %1%s %9 %G !< %? %Y !< %9 $r FI$_ =P $7 !$3F 8\ 5R %7 !< %1 %s %9 $+ $i D9$5 k $N%7 !< %1 %s %9 $r :n @.$9 $k$3$H$K $h $j C k $N ;Y;}2s?t $r ?t $( >e $2 $k !% 3. IQ=P %7 !<%1 %s %97hDj : A4$F $N 8\ 5R %7 !< %1 %s %9 %G !< %?$K BP$9 $k =h M} $, =* N; $7 $? ;~ E@ $G !$ C k $N A4 %N!< %I $G $N ;Y ;} 2s ?t $r <h $j $^$H $a %N!< %I $K Aw ?. $9 $k !%<h$j $^ $H$a %N !< %I $O C k $N A4 %N!< %I $G $N ;Y;}2s ?t $N OB $r 5a $a !$ ;Y ;} EY $r 7W;; $7 !$ L k $r 7hDj $7 !$ A4 %N !< %I $K J|Aw$9$k!% k � 2 C k := The candidates of size k generated from L k � 1 f C d k g := Partition C k into fragments each of in a node’ s lo- cal memory( d = 1 ; : : : ; djC k j = M e ) f or ( d = 1; d � djC k j = M e ; d + + ) do f orall s 2 D n do Increment the support count of all candidates in C d k that are contained in s end Send the support count of C d k to the coordinator node = � Coordinator node determine L d k which satisfy user -speci�ed minimum support in C d k and broad- cast L d 1 to all the nodes � = Recei v e L d k from the coordinator node end L k := S d L d k ?^ 1: NPSPM %"%k %4 %j %: %‘ A4$F $N 8u Jd %7 !< %1 %s %9 $r C1 0l %W %m %; %C%5$N <g 5-21 $K J] ;} $G$-$k >l 9g $O !$ NPSPM $N$h $& $K =hM} $9 $k$3$H $K $h $j MF 0W $K JB Ns 2= $, 2D G=$G $" $k !% $7 $+ $7 !$ %G !< %? %^ %$ %K %s%0 $O Bg 5, LO$J %G !< %?%Y !< %9 $r =h M} BP >]$H $7 $F $$ $k$? $a !$B? $/$N >l 9g $K $3 $N 2> Dj $O @.$j N)$?$J $$ !% %Q %9 k $K $*$$ $F :n @.$5 $l $k A4$F $N 8u Jd %7 !< %1 %s %9 $r C1 0l %W %m %; %C%5 $N <g5- 21 >e $K J];} =P Mh $J$$>l9g !$ NPSPM $G$O 8uJd %7 !< %1 %s %9 $r <g 5- 21 $K J] ;}$G $- $k Bg$- $5$K J, 3d $7 $F <g 5- 21 $K A^ F~ $7 !$ $=$N J, 3d C1 0L Kh $K 7+$j JV $7 %G !<%? %Y !< %9 $r 8!:w $7 $F ;Y;}EY $r 5a $a $k !% 3.2 Hash Partitioned Sequential Patter n Min- ing : HPSPM HPSPM $O %O %C %7 %e4X ?t $rMQ $$ $F8uJd %7 !< %1 %s %9 $r %N!< %I 4V $K J, 3d $7 $F =h M} $9 $k !%?^ 2 $K %N!< %I p $G$N%Q%9 k $N =h M} $r <( $9 !% $^ $?!$ MQ $$ $?5- 9f $N Dj5A $r I= 2 $K <($9 !% 1. 8uJd %7 !<%1 %s %9:n@. : L k � 1 $+$i C k $r :n@. $9$k!% $3 $l$K %O %C %7%e4X ?t $r E, MQ $7 !$ BP 1~ $9 $k %N !< %I $N<1 JL ;R $r 5a $a !$ <+ J,$N %N!< %I $N <1 JL ;R$H Ey $7 $$ 8u Jd %7 !< %1 %s %9 ( C p k ) $r <g5-21>e $K J];}$9$k!% 2. ;Y;}EY $N ?t $( >e $2 : %m !< %+ %k%G %# %9%/ $+ $i 8\ 5R %7 !< %1 %s %9 %G !< %? $r FI$_ =P $9 !%3F 8\ 5R %7 !< %1 %s %9 %G !< %?$+ 3

I= 2: 5-9f $N Dj5A L k Sets of all the lar ge k -sequences. C k Sets of all the candidate k -sequences. D n Customer -sequences stored in the local disk of the n -th node C n k Sets of the candidate k -sequences assigned the n - th node L n k Sets of large k -sequences deri v ed from C n k k � 2 C k := The candidates of size k generated from L k � 1 f C n k g := All the candidate k -itemsets, whose hashed v alue corresponding to the n -th node f orall s 2 D n do s 0 := Select all the items that contained in C k from the customer-sequence s f orall k -sequence x 2 s 0 do Determine the destination node ID by applying the same hash function which is used in candidate se- quences partitioning, and send that k -sequences to it. If it is its o wn ID, increment the support-count for the sequence. Recei v e k -sequences from the other nodes and in- crement the support-count for that sequence end end f L n k g := All the candidates in C n k with minimum support Send L n k to the coordinator node = � Coordinator node make up L k := S n L n k and broad- cast to all the nodes � = Recei v e L k from the coordinator node ?^ 2: HPSPM %"%k %4 %j %: %‘ $i %" %$ %F %‘?t k $N %7 !<%1 %s %9 $r :n@. $7 !$ ~1~ $H F1 0l $N%O %C %7 %e 4X ?t $r E, MQ $7 !$ %O %C %7 %e CM $K BP 1~ $9 $k %N!< %I $r 5a$a !$ $= $N %N!< %I $K :n @. $7 $? %7 !<%1 %s %9 $r Aw?.$9$k!% F1 ;~ $K !$<u?. $7 $? %" %$ %F %‘ ?t k $N%7 !< %1 %s %9 $+$i C p k $N ;Y;}EY $r ?t $( >e $2 $k !% 3. IQ=P %7 !<%1 %s %97hDj : A4$F $N 8\ 5R %7 !< %1 %s %9 %G !< %?$K BP$9 $k =h M} $, =*N; $7 $? ;~E@ $G !$ %N !< %I Kh $K C p k $+$i :G>. ;Y ;} EY$r K~$? $9 $b $N$r <h $j =P $7 !$ %" %$ %F %‘ ?t k $N IQ=P %7 !<%1 %s %9 L p k $r 7hDj $7 !$ <h $j$^ $H $a %N!< %I $K Aw ?. $9 $k !%<h$j $^$H $a %N!< %I $O 3F %N !< %I $+$i Aw?. $5 $l $? L p k $r =8 $a !$ A4 IQ =P %7 !<%1 %s %9 ( L k ) $r 5a $a !$A4%N !< %I $K J|Aw $9 $k!% 4 @-G=I>2A Ds0F $7 $? <jK! $r IBM <R@=J,;6 %a %b %j 7?JBNs 7W ;;5! SP-2 >e $K <BAu $7 !$ @-G=B, Dj $r 9T$C $? !% :#2s $NB, Dj $G $O 16 Bf $N%N !< %I (RS/6000) $, HPS(High Performance Switch) $H8F $P $l$k 9b B. %M %C %H %o !< %/ $r 2p $7 $F @\ B3$5 $l $? 9= @. $r ;H MQ $7 $? !%$^$? !$3F %N !< %I $K$O %m !< %+ %k %G %# %9 %/ $, @\B3$5 $l $F $$ $k !% I>2A $K $O [1] $G =R $Y $i $l $? <j=g $K => $$!$ >. Gd 6H $K $* $1 $k 9X Gc %H %i %s %6 %/ %7 %g %s $r LO Jo $7 $F :n @. $7 $? %G !< %? %; %C %H$r MQ $$ $?!% %G !< %? %; %C %H :n @. $K MQ $$ $? %Q %i %a !< %? $r I= 3 $K <( $9 !% $^ $? !$ %G !< %? %; %C %H $O %N!< %I 4V $G$[ $\ 6Q Ey$H$J $k $h $& $K J, 3d $7 $F 3F %N !< %I $N%m !< %+ %k %G %# %9%/ $K 3d$jEv $F$? !% 4.1 =hM};~4V ?^ 3 !$ 4 $K :G>.;Y ;}EY $r JQ2= $5 $; $? >l9g $N%Q %9 2 $G $N =h M};~4V $r <($9 !% $3$3$G$O !$:n@.$5 $l $k ?^ 3: %Q %9 2 $G $N =hM};~4V (C10T5) 8uJd %7 !<%1 %s %9?t $NB?$$%Q %9 2 $N $_ B,Dj $7 $? !% 7k2L $+ $i !$ NPSPM $G$O :G>. ;Y ;} EY $, >. $5$/ $J $k $K=> $$!$ =h M} ;~ 4V $, 5^ A} $9 $k $3 $H $,$o $+$k!% :G >. ;Y ;} EY $, >.$5 $$ >l 9g !$:n@. $5 $l $k 8u Jd %7 !< %1 %s %9 ?t $, A} Bg $7 !$A4 $F $N 8u Jd %7 !< %1 %s %9 $r C1 0l %N !< %I $N <g5-21 $, J];} $G $- $J $/ $J $k !% $3$N >l9g!$ NPSPM $O 8uJd %7!< %1 %s %9 $rC10l %N !< %I $N <g 5- 21 $K F~$j @Z $k Bg$- $5$K J, 3d $7 !$ $= $N J, 3d C1 0L Kh $K %G !< %?%Y !< %9 $r 8! :w $7 $F =h M} $9 $k$? $a !$=h M} ;~ 4V $, D9$/ $J$k!% HPSPM $O :G>. ;Y ;} EY $, >. $5 $$;~ $K NPSPM $h $j $b=h M} ;~ 4V $, C;$/ !$ :G >. ;Y ;} EY $, Bg $- $$ >l 9g $b NPSPM $HHf 3S E* 6a $$=h M} ;~ 4V $G<B 4

I= 3: %G !<%?%;%C %H $N %Q%i %a !<%? P arameter C10T5 C20T2.5 Number of customer -sequences (= size of Database) 384,000 384,000 A v erage number of transactions par customer -sequence 10 20 A v erage number of items par transaction 5 2.5 A v erage length of maximal potentially frequent sequences 4 4 A v erage size of Itemsets in maximal potentially frequent sequences 1.25 1.25 Number of maximal potentially frequent sequences 5,000 5,000 Number of maximal potentially frequent itemsets 25,000 25,000 Number of items 10,000 10,000 ?^ 4: %Q %9 2 $G $N =hM};~4V (C20T2.5) 9T $G$- $F$$$k $3 $H $,$o $+ $k!% HPSPM $O 8uJd %7 !< %1 %s %9 $r %N!< %I 4V $K J, 3d $7 $F =h M} $9 $k$? $a !$8u Jd %7 !< %1 %s %9 ?t$N B?$$ :G >. ;Y ;} EY $, >.$5 $$ >l 9g $K $=$N 8z2L $r H/4x$9$k $3$H $, $G $- $k !% 4.2 Bf?t8z2L ?^ 5 !$ 6 $K %N !< %I Bf ?t $r JQ 2= $5 $; $? >l 9g $N 7k 2L $r <( $9 !% $3 $3 $G $O !$ %G !< %? %; %C %H C10T5 !$ C20T2.5 $K BP $7 $F %N!< %I Bf ?t$r 4 !$ 6 !$ 8 !$ 12 !$ 16 Bf$H JQ 2=$5$; !$:G >. ;Y ;} EY $r $= $l$> $l 0.75% !$ 0.8% $H $7 $? !% $^ $?!$ %0 %i %U $O 4 Bf $N%N !< %I $K $h$k =h M} ;~ 4V $G @55,2= $7 $F$"$j !$ M}A[ @~ $r ideal $H $7 $F <( $7 $F$" $k !% 7k 2L$+ $i !$ NPSPM !$ HPSPM $K $h $j NI$$ Bf ?t 8z 2L $, F@ $i $l $k $3 $H $, J, $+ $k!% NPSPM $G $O 8u Jd %7!< %1 %s %9 $N ;Y ;} 2s ?t $N ?t $(>e $2 =h M} $K$* $$ $F8\ 5R %7 !< %1 %s %9 %G !<%? $NDL ?. $, ITI, MW $J$? $a !$ HP- ?^ 5: Bf?t8z2L (C10T5) ?^ 6: Bf?t8z2L (C20T2.5) 5

SPM $h$j$b NI$$ Bf?t8z2L $, F@ $i $l $F $$ $k !% $7 $+ $7 !$:G >. ;Y ;} EY $, >.$5 $$ >l 9g $K$O 0l $D $N %Q %9 $G %G !< %?%Y !< %9 $r 7+$j JV $7 8! :w $9 $k$3$H$, $" $k$? $a!$ $= $N =h M} @- G= $, 0- $/ $J $k !% HPSPM $O NPSPM $H Hf 3S $7 $F >/ $7 Nt $k $, !$Hf 3S E* NI$$ Bf ?t 8z 2L $r C#@. $9$k $3$H $, =PMh $F$$ $k $H 8@ $( $k !% 5 $^ $H$a K\ 9F $G$O J, ;6 %a %b %j7? JB Ns 7W ;; 5! 4D 6- $K $*$1 $k;~ 7O Ns%Q %? !< %s Cj =P$N JB Ns =h M} J} <0$r Ds 0F $7 $?!% $^ $? !$ <B :] $NJB Ns 7W ;; 5! >e $K <BAu $7 !$ Ds 0F $7 $?JB Ns =h M} J} <0 $N M- 8z @- $r<( $7 $? !% ;~ 7O Ns %Q %? !< %s Cj =P $G $O !$ ?t B? $/ $NC5 :w 8u Jd $K$D $$ $FD4 $Y!$ 8\ 5R %7 !< %1 %s %9 %G !< %?%Y !< %9 $r 7+$j JV $7 8! :w $9 $k I, MW $,$"$k $? $a!$ C1 0l %W %m %; %C %5 $K$h $k =h M} $G $O <BMQ E*$J ;~ 4V $G $N =h M} $O :$ Fq$G $" $k !%JB Ns 2= $r 9T $& >l 9g !$ 8u Jd %7!< %1 %s %9 ?t $, >/ $J $$ >l 9g $K $O 8\ 5R %7 !< %1 %s %9 %G !< %?%Y !< %9 $r %N!< %I 4V $K J, 3d $7 $F3d $j Ev $F!$ %G %# %9 %/ F~ =P NO =h M} $NJB Ns 2= $9 $k $3 $H $K $h$j 8zN( $N NI $$ =hM} $, 2DG= $H$J $k!% $7 $+ $7 !$ %G !< %? %^ %$ %K %s%0 $G $O Bg 5, LO$J %G !< %? %Y !< %9 $r =hM} BP >] $H $9 $k$? $a !$8uJd %7 !< %1 %s %9?t $, G| Bg $H $J $j !$ C1 0l %N !< %I $N<g 5- 21 $+ $i0n $l $k >l 9g $,$" $k !% $= $N>l 9g !$ 8u Jd %7!< %1 %s %9 $rA4 $F $N%N !< %I $K J# @= $7 $F =h M} $9 $k NPSPM $G $OIU 2C E* $J %G %# %9 %/ F~=PNO=hM} $, I,MW $H$J$j !$ =hM}8zN( $, 0-$/ $J $k !% 8z N( $NNI $$ =h M} $K $O HPSPM $N $h$& $K %N !< %I 4V $K 8\5R %7 !< %1 %s %9 %G !< %?%Y !< %9 $r J, 3d$9 $k$H F1 ;~ $K !$8u Jd %7 !< %1 %s %9$b J, 3d $7 $F 3d$j Ev$F $k I, MW $, $" $k !%Ds 0F $7 $? JB Ns =h M} J} <0$r <B :]$N JB Ns 7W ;; 5! >e $K <BAu $7 !$ @- G= I> 2A $r 9T $$!$ HPSPM $K $h $j8zN( $N NI $$ =hM} $, <B8= $G$- $k $3$H$r <( $7 $? !% ;29MJ88% [1] R.Agraw al and R.Srikant. Mining sequential pattern. In Pr oceedings of the 11th Interna- tional Confer ence on Data Engineering , pp. 3˘ 14, March 1995. [2] R.Srikant and R.Agra w al. Mining sequential patterns: Generalizations and performance im- prov ements. In Pr oceedings of the 5th In- ternational Confer ence on Extending Database T ec hnolo gy , December 1996. [3] S.-J.Y en and A.L.P .Chen. An ef �cient approach to discov ering kno wledge from large databases. In Pr oceedings of the 4th International Confer - ence on P ar allel and Distrib uted Information Systems , pp. 8˘18, December 1996. [4] T .Shintani and M.Kitsurega w a. Hash based parallel algorithms for mining association rules. In Pr oceedings of the 4th International Confer ence on P ar allel and Distrib uted Infor - mation Systems , pp. 19˘30, December 1996. 6