J,N‘3,AX $r H< $& Aj4X %k!<%k $N JBNs %^ %$ %K %s %0 $H $= $N F0E*Ii2YJ,;6<jK! ?7C+ N4I’ 4nO"@n M% El5~Bg3X@8;:5;=Q8&5f=j ") 106 El5~ET9A6hO;K\LZ 7-22-1 f shin tani, kitsure g @tkl.iis.u-toky o.ac.jp %G !<%? %^ %$ %K %s %0 $G F@ $i$l $k >p Js$N BeI= E* $J $b$N$K %G !< %? 4V$N Aj 4X %k !< %k $, $" $j !$ $=$N Cj =P=h M}J} <0 $K 4X$9 $k 8& 5f $, 9T $o $l $F $-$? !%=>Mh $O C1 $K 8D !9 $N %G !<%? 4V $N$_$r 9MN8 $7 $? $b$N $, Cf ?4 $G $" $C$? $, !$<B:]$N %G !<%? $O $=$N FC D’ $K$h$jJ, N‘ 3,AX 2= $5 $l $F$*$j !$ $3 $l$r 9MN8 $9$k $3 $H $K$h$j99 $K M-MQ $J >pJs $NCj=P $, 2DG= $H $J$k!% 2f!9 $O %G !<%? $NJ, N‘3,AX $r 9MN8 $7 $? Aj4X %k !< %k Cj=P$N JB Ns=h M}J} <0 $H $=$N Ii 2YJ, ;6J} <0 $r Ds 0F $7 $F $-$? $, !$=>Mh$N J}<0 $G$O 8z2L E* $J Ii2Y %P%i %s %9 $r <B8=$9$k $3$H $, =PMh $J $+ $C $? !% K\ 9F $G $O !$ J, ;6 %a %b%j 7? JB Ns 7W ;; 5! 4D 6- >e $G$N %G !<%? $NJ,N‘ 3, AX $r H<$& Aj 4X %k!< %k Cj=P $K $* $1 $k=h M} Ii 2Y $NJP $j $r Dc8: $5 $; $k<jK! $r Ds0F$9$k!%$^ $? !$<B:] $K J,;6 %a %b %j7?JBNs7W;;5!>e $K <BAu $7 !$Ds0F $9$k<jK! $N @-G=I>2A $r 9T $& !% %G !<%? %^ %$ %K %s %0 !$ Aj4X %k !< %k !$J,N‘3,AX!$JBNs %" %k %4 %j %: %‘ !$Ii2YJ,;6 P arallel Mining Algorithms for Generalized Asso ciation Rules with Classi�cation Hierarc h y and their Load Balancing Strategy T ak ahik o SHINT ANI Masaru KITSUREGA W A Institute of Industrial Science, Univ ersit y of T oky o 7-22-1, Ropp ongi, Minato-ku, T oky o 106, JAP AN. f shin tani, kitsure g @tkl.iis.u-toky o.ac.jp Asso ciation rule mining recen tly attracted strong atten tion. Usually , the classi�cation hierarc h y o v er the data items is a v ailable. Users are in terested in generalized asso ciation rules that span di�eren t lev els of the hierarc h y . In our previous study , w e prop osed parallel algorithms for mining generalized asso ciation rules with classi�ca- tion hierarc h y and their load balancing metho ds. Ho w ev er, our previous w orks cannot attain su�cien t load distributions. In this pap er, w e presen t new load balancing algorithms for parallel mining generalized asso ciation rules with classi�cation hierarc h y . W e implemen ted these algorithms on a shared-nothing en vironmen t and ev aluated the p erformance of our algorithms. Data mining, Asso ciation rule, Classi�cation hierarc h y , P arallel algorithm, Load balancing

1 $O $8 $a$K 6a G/!$ BgNL $K C_@Q $5 $l $? MzNr %G !<%? $r 2r@O $7 !$ $=$NCf $K Kd $b $l $? M-MQ $J >pJs $r Cj=P $9$k8& 5f $H $7 $F !V%G !<%?%^ %$ %K %s %0 (Data Mining) !W $,Cm L\ $5 $l$F $$ $k !% %G !< %? %^%$ %K %s %0 $G F@ $i $l $k >p Js$N Be I= E* $J $b$N$K Aj4X %k !< %k (asso ciation rule) $, $" $j !$2f !9 $O $= $N Cj =P =h M} @- G= 8~ >e$r L\ E*$H $7 $? JBNs =h M} J} <0$N 8& 5f$r ?J$a $F $- $? [1] !# $^$? !" <B :]$N %G !< %? $O$=$N FCD’ $K$h$j J,N‘3, AX2= $5 $l$F $$$k>l9g $, B?$/!" $3 $l$r 9MN8 $9$k $3$H $K $h$j99 $K >\:Y $J>pJs $r Cj=P $9$k $3$H $, 2D G= $G$"$k !% $7 $+ $7 !$ J,N‘ 3,AX $r 9MN8 $9$k>l 9g $K$O$h$jB? $/ $N %" %$ %F%‘ $NAH9g $; $r D4 $Y$kI,MW $, $" $k $? $a !" =hM} Ii 2Y $, A}Bg $7 !" <B MQE* $J ;~4V $G$N =hM} $K $O JBNs2= $, IT2D7g $G$" $k !# 2f!9 $O J,;6 %a %b %j 7?JB Ns7W ;;5! 4D6- $r 4pK\E* $J%b %G%k $H $7 $? J,N‘ 3,AX $r9MN8 $7 $? Aj4X %k !< %k Cj=P $NJBNs =hM} J} <0 $rDs0F $7 $F$- $? [2, 3] !# [2, 3] $G Ds0F $7 $? JB Ns =h M} J} <0 $G $O !$ %G !<%? %Y!< %9 $N J,3d $K $h$k %G %# %9 %/ F~ =PNO =h M} $NJBNs2= $@ $1$G$J $/ !$ C5 :w8uJd $b %N !< %I 4V $K J,3d$9$k $3$H $K $h$j !$ %7 %9 %F %‘ A4 BN$N <g 5- 21 6u 4V$r 8z 2L E* $K Mx MQ $7 $F $$ $k !%$^$? !$ %G !<%? $NJ,N‘3,AX $r 9MN8 $7 $F C5:w 8uJd $r%O%C %7%eJ,3d $9$k $3$H $K$h$j !$ DL?. NL $N :o8: $r ?^$C $F$$$k !% $5 $i$K !$ ?tB?$/ $N %H %i %s %6%/ %7%g %s$K 4^$^ $l $k $H M=A[ $5 $l $kC5:w 8uJd $rA4 %N !< %I $K J# @= $7 $F 8D!9 $N%N !< %I $G =hM} $9 $k $3 $H $K$h$j !$ =h M} Ii2Y $N JP $j $r Dc8: $9$k<jK! $r Ds0F $7 $F$-$? !% $7 $+ $7 !$ $= $l$i $N <jK! $G $O A4 %N !< %I $K J#@= $9$k C5:w 8u Jd $NN3EY $, AF $$ $?$a !$==J, $J =hM}Ii2Y $N J?C32= $, <B8= $G$-$J $+ $C$? !% K\ 9F $G $O !$ J, N‘ 3,AX $r 9MN8 $7 $? Aj4X %k !< %k Cj=P $N JBNs =h M} J}<0 $K$D$$ $F =R $Y !$ => Mh $N<jK! $h$j $b $5 $i $K :YN3EY $NIi 2Y J,;6 $N @)8f $r <B8= $9$k<jK! $r Ds0F $9$k!% $^ $? !$ <B :] $NJ, ;6 %a %b %j 7?JB Ns7W ;;5! >e $K <BAu $7 !$ Ds 0F $9$k <jK! $N @-G= I> 2A $r 9T $$ !$ $=$N M-8z@- $r <($9 !% 2 J,N‘3,AX $r 9MN8 $7 $? Aj4X %k!<%k %G !< %? $NJ, N‘ 3, AX 9= B$ T $O ?^ 1 $K <( $9 $h $& $JLZ 9= B$ $rM- $7 !$ $= $NMW AG $r %" %$ %F%‘ I $H 8F $V!% T $NJU $O%" %$ %F%‘ 4V $N ?^ 1: %G !<%?$N 3,AX9=B$ 3, AX $r<( $7 !$ %" %$ %F%‘ x $+ $i y $X $NLp $,$"$k >l 9g !$ x $r y $N >e 0L %" %$ %F %‘ ( ancestor (x)) $H8F $V!% %H %i %s%6%/ %7 %g %s %G !< %? %Y !<%9 $r D = f t 1 ; t 2 ; : : : ; t n g ( t i � I ) $H $7 !$ 3F MW AG t i $r %H %i %s%6 %/ %7 %g %s $H8F $V !% D9 $5 k $N %" %$ %F %‘ =8 9g $H $O k 8D $N %" %$ %F%‘ $NAH9g $; $r;X $9 !% %" %$ %F%‘=8 9g X $N;Y;} EY S up ( X ) $O D A4 BN $KBP $7 $F X $r4^ $‘ %H%i %s%6 %/ %7 %g %s$N 3d 9g $r I= $9 !% $^ $?!$ %" %$ %F%‘ =8 9g X $, %H %i %s %6%/ %7%g %s t $N %" %$ %F%‘ $^ $? $O$= $l$i$N >e0L %" %$ %F%‘ $G 9=@. $5 $l $k>l9g!$ t $O X $r 4^ $‘ $HI= 8= $9 $k !% J, N‘ 3, AX $r9M N8 $7 $?Aj 4X %k!< %k ( 0l HL 2= Aj 4X %k !< %k ) $O X ) Y $G I=8= $5 $l !$ X ; Y � I ; X \ Y = � !$ Y $O X $N>e 0L %" %$ %F%‘ $r4^ $^ $J $$!% 0l HL 2= Aj 4X %k!< %k $O;Y ;} EY !$ 3N ?. EY $N 2 $D $N CM $K $h $j %k !< %k $N M- 0U @- $r <( $9 !% $3 $3 $G!$ Y $, X $N>e 0L %" %$ %F%‘ $G$" $k %k!< %k X ) ancestor ( X ) $N 3N ?. EY $O >o $K 100% $G $" $j !$ >iD9 $J%k !< %k$H $J $k !%0l HL2= Aj 4X %k !< %k X ) Y $N ;Y;}EY S up ( X ) Y ) $O D A4BN $K BP $7 X $H Y $r 6& $K4^$‘ %H %i %s %6%/ %7 %g %s$N3d9g S up ( X [ Y ) $K $h$j !$ $^ $? !$ 3N?. EY C onf ( X ) Y ) $O D $N Cf $G X $r 4^ $‘ %H %i %s %6 %/ %7 %g %s $N $&$A !$ X $H Y $r 6& $K 4^ $‘ %H %i %s %6 %/ %7 %g %s $N 3d9g S up ( X [ Y ) =S up ( X ) $K $h$j Dj5A$5 $l $k !% 0lHL2= Aj4X %k !< %k Cj=PLd Bj $O%f!<%6 $K $h$j;XDj $5 $l $? :G >.;Y;}EY $H :G>.3N ?.EY $r K~B- $9$kA4 $F$N %k!< %k$r 8+=P $9 $3 $H$K AjEv$9$k!% $= $N=hM} $O !$ $^ $: :G>.;Y;} EY $r K~B-$9$k %" %$ %F %‘ =8 9g ( %i !<%8 %" %$ %F %‘ =8 9g ) $r @8 @. $7 !$ $= $l $i $r MQ $$$F:G>.3N?. EY $r K~B- $9$k %k!< %k$r F3=P$9 $k!% %i!< %8 %" %$ %F %‘=89g @8@. =hM} $O%" %$ %F%‘?t!$ %H %i %s %6%/ %7%g %s ?t $, B? $$ >l9g $K 9bIi2Y $H$J$j !$ $3$N8zN(2= $, 8&5f $NCf?4 $H$J$C $F $$ $k !% 3 JBNs=hM}J}<0 $O $8 $a $K !$4p K\ E* $J JB Ns =h M} J} <0 $H $7 $F J, ;6 %a %b %j 7? JB Ns 7W ;; 5! 4D 6- $r %b %G %k $H $7 $? JB Ns =h M} J} <0 H- HP A(Hierarcical Hash P artitioned Apriori)[3] $K $D $$ $F =R $Y$k!% ?^ 2 $K %N !< %I n $G $ND9 $5 k $N%i!< %8%" %$ %F%‘=8 9g $r 5a $a$k=hM} ( %Q %9 k ) $r <( $9 !% $^ $? !$ MQ $$ $?5-9f $NDj5A $r I= 1 $K <($9 !% L k Set of all the large k -itemsets. C k Set of all the candidate k -itemsets. D n T ransactions stored in the lo cal disk of the n -th no de. C n k Sets of candidate k -itemsets whose hash v alue calculated with their ro ot item is cor- resp onding to n -th no de. L n k Sets of large k -itemsets deriv ed from C n k . I= 1: Notation 1. 8uJd %" %$ %F %‘=89g $N :n@. (2) !A (5) D9 $5 ( k � 1) $N %i !< %8%" %$ %F%‘ =8 9g $+ $i k 8D $N %" %$ %F %‘ $NAH 9g $; ( D9 $5 k $N8uJd %" %$ %F%‘ =8 9g ) $r :n @. $7 !$ J, N‘ 3,AX $N>e2<4X 78 $G$" $k %" %$ %F%‘ $NAH9g $; $r 4^$‘ $b $N $r =|5n $9$k!% ;D $C $?8uJd %" %$ %F %‘=89g $K BP $7 $F !$ %" %$ %F %‘ $r$=$N :G>e0L %" %$ %F%‘ $K CV $-49 $($?$b$N $K %O%C %7%e 4X?t $r E,MQ $7 !$ %O %C %7%eCM $K BP1~ $9$k%N !< %I $N <1JL;R $r 5a $a !$ <+ J, $N %N !< %I $N <1JL;R $H Ey $7 $$ >l9g $K <g5-21 >e$N%O%C %7%e I= $K J];}$9$k !% 2. ;Y;}2s?t $N ?t $( >e $2 (6) !A (17) %m!<%+ %k %G %# %9 %/ $+ $i %H %i %s %6%/ %7%g %s %G !<%? %Y!< %9 $r FI $_=P $7 !$ 3F %H %i %s %6 %/ %7%g %s $N%" %$ %F%‘ $r :G2<0L %i!< %8 %" %$ %F %‘ $K CV $-49 $( !$ k 8D$N %" %$ %F %‘ $N AH9g $; $r :n@. $7 !$ \1" $H F10l $N %O%C %7%e 4X?t $r E,MQ $7 !$BP1~

(1) k � 2 (2) C k :=The candidates of size k generated from L k � 1 (3) if ( k = 2) then (4) Delete the candidates that con tains an item and its ancestor (5) f C n k g :=All the candidate k -itemsets, whose hash v alue calculated with its ro ot items corresp onding to the n {th no de (6) forall t 2 D n do (7) t 0 :=Replace items in t to the large item whic h is clos- est to the b ottom of the hierarc h y , if there are small items in t (8) foreac h n {th no de do (9) t 00 := Select all items whose ro ot items are allo cated to n {th no de (10) if ( n = o wn no de ID) then (11) Generate k {itemset from t 00 , and incremen t the supp ort coun t for the itemset and all its ancestor candidates (12) else (13) Send t 00 to n {th no de (14) Receiv e items from the other no des (15) Generate k -itemset from receiv e items, and incre- men t the supp ort coun t for the itemset and all its ancestor candidates (16) end (17) end (18) f L n k g :=All the candidates in C n k with minim um supp ort (19) Send L n k to the co ordinator no de (20) /* Co ordinator no de mak e up L k := S n L n k and broadcast to all the no des */ (21) Receiv e L k from the co ordinator no de ?^ 2: Algorithm H-HP A $9$k%N !< %I $r 5a $a$k !% 3F%N !< %I $K BP1~ $9$k:G 2< 0L %" %$ %F%‘ $r Aw?.$9$k !% F1;~ $K B> %N !< %I $+$i Aw?. $5 $l $?%" %$ %F%‘=89g $+ $i D9 $5 k $N%" %$ %F%‘=89g $r :n@. $7 !$BP1~ $9$k8uJd %" %$ %F %‘=8 9g $H$=$N>e0L 8u Jd %" %$ %F%‘=89g $N;Y;} 2s?t $r 1 A}2C $5 $;$k !% 3. %i !< %8 %" %$ %F %‘=89g $N 7hDj (18) !A (21) A4 %H %i %s%6 %/ %7 %g %s $N =h M} $,=* N; $7 $? ;~ E@ $G!$ %N !< %I Kh $K%i !< %8%" %$ %F%‘ =8 9g $r7hDj $7 !$ B> %N !< %I $XJ|Aw $9 $k !% H-HP A $G$O J, N‘3, AX$r 9M N8 $7 !$3,AX$N >e2< 4X 78 $G $" $k 8u Jd %" %$ %F%‘=89g $, F10l $N %N !< %I $K 3d$jEv $F $i $l $k$h $& $K 8u Jd %" %$ %F%‘ =8 9g $r %N !< %I 4V $K %O %C %7 %e J, 3d $9 $k!% $D $^ $j !$ 8u Jd %" %$ %F%‘=89g $r LZ $NAH9g $; $G $^ $H$a !$ $=$NLZ $N AH9g $; C10L $G %N !< %I 4V $K 3d$jEv $F $k !% 4 Ii2Y@)8f<jK! H-HP A $O LZ $N AH 9g $;C1 0L $G8u Jd %" %$ %F %‘ =8 9g $r%N !< %I 4V $K 3d $jEv $F $k $?$a !$ 6Q Ey $J Ii2Y %P%i %s %9 $r <B8= $9$k $3 $H $, :$ Fq $G$"$k!% $^ $? !$ %H %i %s %6%/ %7%g %s %G !< %? $K JP $j $, $"$k!$ $D$^ $j !$ 6KC< $K B?$/ $N %H %i %s %6%/ %7 %g %s$K 4^$^ $l $k %" %$ %F %‘=89g $, B8:_ $9$k>l9g!$ $= $N %" %$ %F%‘=89g $, 3d$jEv $F $i $l $? %N !< %I $K Ii2Y $, =8Cf $7 !$ =h M} $NJP$j $, @8 $8 $k!% K\ @a $G $O %N !< %I 4V $N=hM}Ii2Y $NJP$j $r Dc8: $5 $;$k<jK! $r <($9 !% K\ <j K! $G $O ;Y;} EY $N9b $$ %" %$ %F%‘ $+ $i$J $k8uJd %" %$ %F%‘=89g $r A4 %N !< %I $K J#@= $7 !$%N !< %I Kh $K ;Y;}2s ?t $r ?t $( >e $2 !$ 3F %Q %9 $N:G8e $K A4%N !< %I $G $N ;Y;}2s?t $NAmOB $r 5a $a !$ %i!< %8%" %$ %F %‘ =8 9g $r 7hDj $9 $k !%B> $N 8u Jd %" %$ %F %‘ =8 9g $O H-HP A $H F1MM $K =hM}$9$k !% 4.1 H-HP A with T ree Grain Duplicate (H-HP A-TGD) TGD $G$O LZ$N D: E@$N%" %$ %F %‘$N ;Y;} EY $, 9b$$ LZ$N AH9g $; $r 8+$D $1 =P $7 !$ $= $l$i$r A4 $F$N %N !< %I $K J#@= $9$k $3 $H $K $h$j !$ LZ $NAH9g $;$NN3EY $G$N 8uJd %" %$ %F%‘=89g $N J#@= $r 9T $& !% %N !< %I n $G$N%Q %9 k $N =hM} $O ?^ 2 $N H-HP A $K ?^ 3 $K <($9JQ99 $r 2C $($?$b $N $H $J $k!% $^ $? !$ 5- 9f $NDj5A $r I= 2 $K <($9 !% C n k Sets of candidate k -itemsets whose hash v alue calculated with their ro ot item is cor- resp onding to n -th no de. L n k Sets of large k -itemsets deriv ed from C n k C D k Sets of candidate k -itemsets whic h are copied all the no des. L D k Sets of large k -itemsets deriv ed from C D k I= 2: Notation (5.0) Coun t the n um b er of descendan t candidate for eac h ro ot k -itemset and the n um b er of candidates allo cated for eac h no de b y generating the k -itemsets using L k . (5.1) Generate k -itemsets from ro ot items. (5.2) Sort the ro ot itemsets based on their frequency of app earance. (5.3) f C D k g :=All the ro ot k -itemsets whose frequency is high so as to use the memory space fully . (5.4) f C D k g :=All the candidate k -itemsets whose ro ot item- set is con tained in C D k . (5.5) Delete the candidates from C k . (5.6) f C n k g := All the candidate k {itemsets, whose hash v alue calculated with its ro ot items corre- sp onding to the n {th no de (7.0) t 0 :=Replace items in t to the large item whic h is clos- est to the b ottom of the hierarc h y , if there are small items in t (7.1) Incremen t the supp ort coun t of all candidates in C D k that are con tained in t 0 (20.0) Send the supp ort coun t of C D k to the co ordinator (20.1) /* Co ordinator determine L D k whic h satisfy user- sp eci�ed minim um supp ort in C D k */ (20.2) /* Co ordinator no de mak e up L k := L D k + S n L n k and broadcast to all the no des */ ?^ 3: Algorithm H-HP A-TGD 1. 8u Jd %" %$ %F%‘ =8 9g $N :n @. [ ?^ 2(5) $r?^ 3(5.0) !A (5.5) $K JQ99 ] :G>e0L %" %$ %F %‘ $r <h $j=P $7 !$ k 8D$N %" %$ %F %‘ $N AH9g $; ( :G>e0L 8u Jd %" %$ %F%‘=8 9g ) $r :n@. $9$k!% $3 $3 $G $O !$ F1 0l $N %" %$ %F%‘ $+ $i $J$kAH 9g $; $b:n @. $7 $F$*$/ !% H-HP A $H F1 MM $K $7 $F C k $r :n @. $7 !$ 3F%N !< %I $K 3d $j Ev $F $i $l $k 8uJd %" %$ %F%‘?t $H 3F:G >e0L 8u Jd %" %$ %F%‘=89g $K B0$9$k 8uJd %" %$ %F%‘=89g ?t $r ?t $( >e $2 $k !% :G>e 0L8u Jd %" %$ %F

%‘=8 9g $r$= $l $r 9=@. $9$k %" %$ %F%‘ $N;Y;}EY $NOB $G%=!< %H $9$k !% 3F %N !< %I $N<g 5- 21 6u 4V $K 6u $- $,$J$/ $J$k $^ $G !$ :G>e 0L 8uJd %" %$ %F%‘=8 9g $H$=$N2<0L 8u Jd %" %$ %F%‘=8 9g $r J#@= $9$k!% A4%N !< %I $N J#@= $5 $l $? 8uJd %" %$ %F%‘=89g $r C D k $H $9 $k !%;D$j$N 8u Jd %" %$ %F %‘ =8 9g $r H-HP A $H F1MM $K $7 $F %O %C %7 %eJ,3d $9$k!% %N !< %I n $K $N$_3d $jEv $F $i $l $? 8uJd %" %$ %F%‘=89g $r C n k $H $9$k !% 2. ;Y;}2s?t $N ?t $( >e $2 [ ?^ 2(7) $N <! $K ?^ 3(7.1) $r IU2C ] %m!<%+ %k %G %# %9 %/ $+ $i FI $_=P $7 $? 3F %H %i %s %6 %/ %7%g %s $K BP $7 $F !$ C D k $N;Y;} 2s ?t $r?t $(>e $2 $k!% C n k $K BP $7 $F $O H-HP A $H F1MM !% 3. %i !<%8 %" %$ %F %‘ =8 9g $N 7h Dj [ ?^ 2(20) $r ?^ 3(20.0) !A (20.2) $K JQ99 ] A4 $F$N %H %i %s %6%/ %7%g %s$K BP$9$k =hM} $, =*N; $7 $? ;~E@ $G !$ C D k $N 3F !9 $N 8u Jd%" %$ %F %‘ =8 9g$N A4 %N!< %I $G $N ;Y ;}2s ?t $NAmOB $+$i ;Y;} EY $r 5a $a !$ :G>. ;Y ;}EY $rK~ $?$9 $b$N $r L D k $H $9$k !% L n k $K 4X $7 $F$O H-HP A $H F1MM !% H-HP A-TGD $G $OLZ $N AH 9g $; $NN3 EY $G8uJd %" %$ %F%‘ =8 9g $r A4 %N !< %I $K J#@= $9$k $? $a !$ ==J, $J <g5- 216u 4V $N6u $- $, L5 $$ >l9g!$ H-HP A $H Ey $7 $/ $J $k !% 4.2 H-HP A with P ath Grain Duplicate (H-HP A-PGD) H-HP A-PGD $G $O !$;Y ;} EY $N 9b $$ :G 2< 0L%" %$ %F %‘$G 9= @. $5 $l $k8uJd %" %$ %F%‘=89g $H$=$NA4 $F$N>e0L %" %$ %F%‘ $rA4 %N !< %I $K J#@= $7 $F =hM} $9$k!% $3 $3 $G !$ :G 2<0L %" %$ %F%‘ $H$= $N $9 $Y $F $N >e 0L %" %$ %F%‘ $N AH 9g $; $r %Q%9 (P ath) $H8F $V!% H- HP A-PGD $O H-HP A-TGD $h $j $b :G N3 EY$N 8u Jd%" %$ %F %‘ =8 9g $NJ#@= $r 9T $& $?$a !$ 5-21 6u4V $K 6u $- $, >/ $J$$>l9g $K$b 8z2L $, 4| BT$G $- $k !%%N!< %I n $G $N %Q %9 k $N =h M}$O ?^ 2 $N H-HP A $K ?^ 4 $K <($9JQ99 $r 2C $( $k !% 1. 8u Jd %" %$ %F%‘ =8 9g $N:n @. [ ?^ 2(5) $r ?^ 4(5.0) !A (5.4) $K JQ99 ] H-HP A $H F1MM $K $7 $F C k $r :n@. $7 !$ 3F%N !< %I $K 3d$jEv $F $i $l $k8uJd %" %$ %F%‘?t $r ?t $( >e $2 $k !% :G2< 0L %" %$ %F %‘ $r ;Y;} EY $N=g $K%=!< %H $7 !$ >e $+$i =g $K k 8D $N %" %$ %F %‘$N AH 9g$; ( :G 2< 0L 8u Jd%" %$ %F %‘ =8 9g ) $r :n @. $7 !$3F %N !< %I $N <g5-21 $K 6u $- $,$J $/ $J $k$^ $G !$ :G2< 0L 8uJd %" %$ %F %‘ =8 9g $H$= $NA4 >e 0L 8u Jd %" %$ %F%‘ =8 9g $rJ# @= $9 $k !% A4%N !< %I $N J# @= $5 $l$? 8u Jd %" %$ %F%‘ =8 9g $r C D k $H$9$k!% ;D$j $N 8uJd %" %$ %F %‘ =89g $r H-HP A $H F1MM $K $7 $F %O%C %7 %eJ,3d $9$k!% %N !< %I n $K $N$_3d $jEv $F $i $l $? 8uJd %" %$ %F%‘=89g $r C n k $H $9 $k !% 2. ;Y;}2s?t $N ?t $( >e $2 [ ?^ 2(7) $N <! $K ?^ 4(7.1) $r IU2C ] H-HP A-TGD $H F1MM 3. %i !<%8 %" %$ %F %‘ =8 9g $N 7h Dj [ ?^ 2(20) $r ?^ 4(20.0) !A (5.0) Coun t the n um b er of candidates allo cated for eac h no de. (5.1) Sort the lo w est large items based on their frequency of app earance. (5.2) Generate k -itemsets from the lo w est items. (5.3) f C D k g :=All the lo w est candidate k -itemsets whose fre- quency is high and their ancestor candidates so as to use the memory space fully . (5.4) Delete the candidates in C D k from C k . (5.5) f C n k g := All the candidate k {itemsets, whose hash v alue calculated with its ro ot items corre- sp onding to the n {th no de (7.0) t 0 :=Replace items in t to the large item whic h is clos- est to the b ottom of the hierarc h y , if there are small items in t (7.1) Incremen t the supp ort coun t of all candidates in C D k that are con tained in t . (20.0) Send the supp ort coun t of C D k to the co ordinator (20.1) /* Co ordinator determine L D k whic h satisfy user- sp eci�ed minim um supp ort in C D k */ (20.2) /* Co ordinator no de mak e up L k := L D k + S n L n k and broadcast to all the no des */ ?^ 4: Algorithm H-HP A-PGD (20.2) $K JQ99 ] H-HP A-TGD $H F1MM 4.3 H-HP A with Fine Grain Duplicate (H-HP A-F GD) H-HP A-PGD $O H-HP A-TGD $h$j$b :YN3EY$N Ii2Y@) 8f $, 2DG= $G$"$k $, !$ J# @= $9$k8u Jd %" %$ %F%‘=89g $r :G2< 0L %" %$ %F %‘ $G H= CG $9 $k$? $a !$:G 2< 0L%" %$ %F %‘$N ;Y ;} EY $O Dc$$ $, !$ $=$N>e0L $NCf4V %" %$ %F%‘ $N;Y;} EY $, 9b $$ $b $N $, B8:_ $9$k >l 9g !$==J, $J Ii2Y@)8f $, <B8= $G $-$J$$ !% H-HP A-F GD $G $O ;Y;} EY $N9b $$Cf 4V %" %$ %F%‘ $+ $i$J$k 8u Jd %" %$ %F%‘=89g $H$=$N>e0L8u Jd %" %$ %F%‘=89g $r A4%N !< %I $K J#@= $9 $k!% $D$^ $j !$ H-HP A-PGD $N%Q %9 $+ $i ItJ, E* $K 8uJd %" %$ %F %‘=89g $r A* $S =P$9 $3 $H $K$J $k $?$a !$ IT I,MW $J8uJd %" %$ %F%‘=89g $NJ#@= $r 2sHr $7 !$ 99 $K :YN3EY $NIi2Y@) 8f $, 2DG= $H$J $k!% %N !< %I n $G $N%Q %9 k $N =hM} $O ?^ 2 $N H-HP A $K ?^ 5 $K <($9JQ99 $r 2C $( $k !% 1. 8u Jd %" %$ %F%‘ =8 9g $N :n @. [ ?^ 2(5) $r?^ 4(5.0) !A (5.4) $K JQ99 ] H-HP A $H F1MM $K $7 $F C k $r :n@. $7 !$ 3F%N !< %I $K 3d$jEv $F $i $l $k8uJd %" %$ %F%‘?t $r ?t $( >e $2 $k!% A4 $F$N %" %$ %F %‘ $r ;Y;} EY $N=g $K%= !< %H $7 !$ >e $+$i =g $K k 8D $N %" %$ %F %‘ $NAH9g $; $r :n@. $7 !$ 3F%N !< %I $N <g5-21 $K 6u $- $,$J $/ $J $k$^ $G J#@= $9$k!% A4%N !< %I $N J#@= $5 $l $? 8uJd %" %$ %F %‘ =8 9g$r C D k $H $9 $k !%;D $j $N 8u Jd%" %$ %F %‘ =8 9g$r H- HP A $H F1 MM $K $7 $F %O%C %7%e J, 3d $9 $k !%%N!< %I n $K $N $_ 3d$jEv $F $i $l $? 8uJd %" %$ %F %‘=89g $r C n k $H $9$k !% 2. ;Y;}2s?t $N ?t $( >e $2 [ ?^ 2(7) $N <! $K ?^ 4(7.1) $r IU2C ] H-HP A-TGD $H F1MM

(5.0) Coun t the n um b er of candidates allo cated for eac h no de. (5.1) Sort the large items based on their frequency of ap- p earance. (5.2) Generate k -itemsets from the large items. in order of the frequency of app earance. (5.3) f C D k g :=All the candidate k -itemsets whose frequency is high and their ancestor candidates so as to use the memory space fully . (5.4) Delete the candidates in C D k from C k . (5.5) f C n k g := All the candidate k -itemsets, whose hash v alue calculated with its ro ot items corresp onding to the n {th no de (7.0) t 0 :=Replace items in t to the large item whic h is clos- est to the b ottom of the hierarc h y , if there are small items in t (7.1) Incremen t the supp ort coun t of all candidates in C D k that are con tained in t . (20.0) Send the supp ort coun t of C D k to the co ordinator (20.1) /* Co ordinator determine L D k whic h satisfy user- sp eci�ed minim um supp ort in C D k */ (20.2) /* Co ordinator no de mak e up L k := L D k + S n L n k and broadcast to all the no des */ ?^ 5: Algorithm H-HP A-F GD 3. %i !<%8 %" %$ %F %‘ =8 9g $N 7h Dj [ ?^ 2(20) $r ?^ 4(20.0) !A (20.2) $K JQ99 ] H-HP A-TGD $H F1MM 5 @-G=I>2A K\ 9F $G=R $Y $?JB Ns =h M} J} <0 $r IBM <R @= J, ;6%a %b%j 7? JB Ns 7W ;; 5! SP-2 >e $K<B Au $7 !$ 3F J} <0 $N@- G= B, Dj $r9T $C $?!% K\ @- G= B, Dj $G $O 16 Bf $N%N !< %I (RS/6000) $, HPS( %O %$ %Q %U %) !< %^ %s %9 !& %9 %$ %C %A ) $H 8F $P $l $k9b B. %M%C %H %o!< %/ $r 2p $7 $F @\ B3 $5 $l $? 9=@. $r ;HMQ $7 $? !% $^ $? !$ 3F%N !< %I $K$O %m!<%+ %k %G %# %9 %/ $, @\ B3 $5 $l$F$$$k!% @- G= I> 2A $K $O !$ [4] $G =R $Y $i $l $?<j=g $r 85 $K >.Gd6H $K $* $1 $k9XGc %H %i %s %6 %/ %7%g %s$r LOJo $7 $F :n@. $7 $? %G !<%? %;%C %H $r MQ $$ $? !% %G !<%? %;%C %H :n@. $K MQ $$$?%Q%i %a !<%? $H$=$N 0UL# $r I= 3 $K <($9 !% P arameter R30F5 R30F3 R30F10 Num b er of transactions 3200000 Av erage size of the transactions 10 Av erage size of the maximal p o- ten tially large itemsets 5 Num b er of maximal p oten tially large itemsets 10000 Num b er of items 30000 Num b er of ro ots 30 Num b er of lev els 5{6 6{7 3{4 F anout 5 3 10 I= 3: %G !<%?%;%C %H $N%Q%i %a !<%? 5.1 =hM};~4V ?^ 6 $K 3FJ}<0 $N:G>.;Y ;}EY JQ 2= $5 $; $?>l9g $N%Q %9 2 $G$N =hM} ;~ 4V $r <($9 !% $3$3$G $O 16 %N!< %I $N%7 %9 %F %‘$r Mx MQ $7 $? !% $^ $? !$ K\ 9F $G =R $Y$k$9 $Y $F$N <B83 $G 8uJd %" %$ %F%‘=89g ?t $N:G $bB? $$%Q%9 2 $K $D$$ $F$N$_B,Dj $r 9T $$!$ %H %i %s %6%/ %7 %g %s %G !<%? %Y!< %9 $O 3F%N !< %I $N%m!<%+ %k %G %# %9 %/ $K 6QEy $K J,3d $7 $F 3d$jEv $F$? !% :G>.;Y;} EY $NCM $, >. $5 $$ $H$- !$ 8u Jd %" %$ %F%‘=89g ?t $, B? $/$J $j !$ 3F %N!< %I $N <g 5- 21$N Bg It J,$r @j$a $k$3 $H $H $J $k !% $D $^$j !$ :G>. ;Y;} EY $, >. $5$/ $J $k $K => $$ !$ 8u Jd %" %$ %F %‘=8 9g$r J# @= $9 $k <g 5- 21 6u 4V $, >. $5 $/$J $k !% H-HP A-TGD $G $O !$ LZ C10L $G 8uJd %" %$ %F%‘=89g $r J#@= $9$k $?$a !$ :G >.;Y ;} EY $, >. $5 $$>l 9g $K $O 8u Jd %" %$ %F%‘ =8 9g $rJ# @= $G$- $J$/ $J$j !$ H-HP A $HEy $7 $/ $J$k !% H-HP A-PGD $H H-HP A-F GD $O H- HP A-TGD $h$j $b:Y N3 EY $JC10L $G 8uJd %" %$ %F%‘ =8 9g $r J# @= $9$k $? $a !$ <g5- 216u4V $N 8zN( $N NI $$MxMQ $, 2DG= $G$"$j !$ Ii 2Y $NJP $j $r8z2L E* $K Dc8: $G$-$k!% FC $K !$ H-HP A-F GD $O $9 $Y $F $N :G >. ;Y ;} EY $K $* $$$F :G$b NI$$ @- G=$r <B 8= $7 $F $$ $k !% H-HP A-F GD $O :G $b:Y N3 EY $J8u Jd %" %$ %F%‘ =8 9g $NJ# @= $r9T $& $? $a !$:G $b8zN(NI $/<g5-216u4V $r MxMQ $G $- $k !% 5.2 Ii2Y %P%i %s %9$N Hf3S K\@a $G $O !$ Ds 0F $9 $k J} <0 $NIi 2Y %P %i %s %9 $K$D $$ $F=R $Y$k !% ?^ 7 $K 3F %N !< %I $G $N 8u Jd%" %$ %F %‘ =8 9g $N %O%C %7%e I= $N %Q %9 2 $G $N 8! :w 2s ?t$r <( $9 !% $3$3 $G !$:G >. ;Y ;} EY $O 0.3% $H $7 $? !%7k2L $+$i !$ H-HP A $K $*$1 $k 3F %N!< %I $N 8! :w 2s ?t$N JP $j $OBg $- $$ $3 $H $,$o $+$k!% H-HP A-TGD !$ H-HP A-PGD !$ H-HP A-F GD $G$O ;Y ;} EY $N9b $$ %" %$ %F%‘ $G9=@. $5 $l $k8u Jd %" %$ %F %‘=89g $r A4%N !< %I $K J#@= $7 $F =hM}$9 $k $?$a !$ $= $l$i $N 8uJd %" %$ %F%‘=89g $K BP $9$k %H %i %s %6 %/ %7%g %s %G !<%? $NDL ?. $, ITI, MW $H $J$k!% H-HP A-TGD $G$O 8u Jd %" %$ %F%‘ =8 9g $N J#@= $NN3EY $, Bg $-$$ $?$a !$ :G >.;Y ;} EY $, >.$5 $$ $H$- $K 8z2L $r H/4x $G$- $J $/ $J$k!% H-HP A-PGD $G$O%Q%9 C1 0L $G 8u Jd %" %$ %F%‘ =8 9g $rJ#@= $9 $k $? $a!$ H-HP A-TGD $h$j $bNI $$Ii 2Y %P %i %s %9 $, F@ $i $l $k !% H-HP A-F GD $O H-HP A-PGD $h $j $b$5 $i $K :YN3EY $J 8uJd %" %$ %F%‘=89g $NJ#@= $r 9T $$ !$ ITI, MW $J 8uJd %" %$ %F%‘=89g $NJ#@= $r 2sHr $7 !$ :G $b8zN(NI $/ <g5- 21 6u4V $r MxMQ $9$k $? $a !$ 8z 2LE* $K %G !<%? $NJP$j $N 1F6A $r Dc8: $9$k $3$H $, 2DG= $H$J $k !% 5.3 Bf?t8z2L ?^ 8 $K %N !< %I ?t $r JQ2= $5 $;$?>l9g $N 7k2L $r <($9 !% $3$3 $G $O %N !< %I ?t $r 4 !$ 6 !$ 8 !$ 12 !$ 16 $HJQ 2= $5 $;!$ %0 %i %U $O 4 %N !< %I $G $N =hM};~4V $G @55,2= $7 $F$" $k!% $^ $? !$ %G !<%? %;%C %H $O R20F5 $r MxMQ $7 !$:G>.;Y;}EY $r 0.5% !$ 0.3% $H $7 $? !$ H-HP A-F GD !$ H-HP A-PGD $O H-HP A $h$j $bNI $$Bf?t 8z 2L $, F@ $i $l$F $$ $k !% H-HP A $O 8u Jd %" %$ %F%‘ =8 9g $N J# @= $r 9T $o $J $$ $? $a!$ %G !< %? $N JP $j $N 1F 6A $K $h $j !$ NI $$ Bf ?t 8z 2L $, F@ $i $l $J $$ !% H-HP A-TGD !$ H-HP A-PGD !$ H-HP A-F GD $G$O ;Y;}EY $N9b $$ %" %$ %F%‘ $G 9=@. $5 $l $k8uJd %" %$ %F%‘=89g $r 8+ $D $1 =P $7 !$ $= $l$i$r A4 %N !< %I $K J#@= $7 $F =hM} $9$k!% 8u

R30F5 R30F3 R30F10 ?^ 6: 3FJ}<0$N=hM};~4V R30F5 R30F3 R30F10 ?^ 7: %O%C %7%e I= $N 8!:w2s?t 0.30% 0.50% ?^ 8: Bf?t8z2L Jd %" %$ %F%‘=89g $NJ#@= $K MxMQ $G$- $k<g5- 21 6u4V $, >.$5 $$>l 9g !$ H-HP A-TGD $G$O 8uJd %" %$ %F%‘=8 9g $rJ#@= $G$- $:!$ 8z 2L $r H/4x $G$- $J$$!% 0l J} !$ H-HP A-F GD $O :G $b:Y N3 EY $J8u Jd %" %$ %F%‘=89g $NJ#@= $r 9T $& $?$a !$ 8z 2L E* $J @-G= $r <B8= $G $- $F$$ $k !% 6 $^$H$a K\ 9F $G $O J,;6 %a %b %j 7?JB Ns 7W;; 5! 4D6- $K $* $1 $kJ,N‘ 3, AX $r H< $& Aj 4X %k !< %k Cj=P $N JBNs =hM} J} <0 $H$=$NIi2Y J,;6 <j K! $r Ds0F $7 !$ <B :] $NJBNs7W ;;5! >e $K <BAu $9$k $3$H $K $h$jDs0F $7 $? JBNs=h M}J} <0 $N@-G=I> 2A $r 9T$C $? !% Ds0F $9$k<jK! $G$N :Y N3EY $N8uJd %" %$ %F%‘=89g $NJ#@=!$ <g 5- 216u 4V $NM-8zMx MQ $K $h$j !$ %G !<%? $N JP $j $N1F6A $r Dc8: $7 !$ 8z2L E* $J @-G= $r <B 8= $G$- $k $3$H$r <( $7 $? !% ;29MJ88% [1] T.Shin tani and M.Kitsurega w a. Hash based parallel algo- rithms for mining asso ciation rules. In Pr o c. of 4th Int. Conf. on Par al lel and Distribute d Information Systems , pp. 19{30, Decem b er 1996. [2] ?7C+ N4 I’ , 4nO" @n M% . J, N‘ 3, AX $r 9M N8 $7 $? Aj4X 4X 78 $NJBNs %G !< %?%^%$ %K %s %0 . >p Js =h M} 3X 2q %G !< %? %Y !< %9 %7 %9 %F%‘ 8& 5f 2q %G !< %? %Y !< %9 %o !< %/ %7 %g %C %W (DE96{33). ?. 3X 5; K! V ol.96 No.176, pp. 55{60, July 1996. [3] ?7C+ N4 I’ , 4nO" @n M% . J, N‘ 3, AX $r 9M N8 $7 $? Aj4X %k!< %k Cj=P $NJB Ns=h M}J} <0 $K $* $1 $kIi 2Y@) 8f<jK! . >pJs =hM}3X 2q %G !<%?%Y !< %9 %7 %9 %F %‘8&5f2q (DE97{44). ?.3X5;K! V ol.97 No.161, pp. 103{108, July 1997. [4] R.Srik an t and R.Agra w al. Mining generalized asso ciation rules. In Pr o c. of 20th Int. Conf. on V ery L ar ge Data Bases , pp. 407{419, Septem b er 1995.