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ABSTRACT

The problem of association rule mining has gained considerable prominence in data
mining. Traditional association rule mining is limited to intra-transaction. However, most
databases are usually collected in multi-dimension transaction and are dynamic in the sense that
users may occasionally insert a new data into the database. Discovering multidimensional
association rules from the databases is required to have a new algorithm. This thesis proposes
Hybrid Dimension Fast Update algorithm (HDFUP) to deal with such databases. The propose
algorithm is based on the concepts of FUP algorithm and a multidimensional join operator. The
multidimensional join operator help to reduces the number of 2"- candidate itemsets. As a result,

the propose algorithm has less execution time than that of FUP.
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Transaction ID (TID) Item
1 dry roasted peanuts, ice cream, milk
2 bread, jam, milk
3 bread, ice cream, jam, milk
4 bread, jam
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Tomuasaneglulomy 1 wudunazlunimuansun 1 (TID 1) = {dry roasted peanuts,
ice cream, milk} {dry roasted peanuts,ice cream }  {dry roasted peanuts,ice cream,milk }
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support_camnt(XVU'Y)
amount_transaction

support(X— Y) = P(XUY) = (2.1)

support_count(X W Y)

confidence (X = Y)=P(Y | X)=
1 ( )=P(Y[X) support_count(X)

(2:2)
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Algorithm: Apriori. Find frequent itemsets using and iterative level-wise approach based on
candidate generation.
Input: Database, D, of transaction; minimum support threshold, min_sup.
Method:
L,= find frequent_I-itemsets(D);
for(k =2;L, ; # ¢k ++){
C, = apriori_gen(L, ,,min_sup);
for each transaction 7 € D { //anu D dwmmiuugasnsuuanyu
C, = subset( C,,t);
for each candidate ¢ € C,
c.count++;
L, ={ceC, | c.count > min_sup} }

}

reurn L=U, L, ;

311 2.2 1@ Apriori Algorithm




procedure apriori_gen (L, , : frequent (k-1)-itemset; min_sup : minimum support threshold)
for each itemset I, €L,
for each itemset I, e L,
if (l][l] = 12[1]) A (11[2] = 12[2]) Psssi (l] [k-2]= 12[k =2]A
(l][k -1]< 12[k —1]) then
{
¢ =1, bal,5/ $uABUMS join : (UM e319 Candidate Ttemsets
if has _infrequent_subset(c, L, ,) then
delete c; //5’uﬂauﬂ1s prune 89N910 Candidate Itemsets
else
addcto C,
H

return C,;

gﬂﬁ 2.3 L@@ procedure apriori_gen

procedure has_infrequnt_subset (c:candidate k-itemset; L, , : frequent (k-1) — itemset;
for each (k-1)-subset s of ¢
if sgL,, then
return True;

return False;

g‘ﬂﬁ 2.4 L1TA3 procedure has_infrequent_subset
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L, = find_frequent 1_itemsets(D);
//compress the transaction database, according to the generated frequent 1-itemsets
D’ = trans_compression(D);
//generate candidate 2-itemsets
C, = apriori_genl(L1);
//generate frequent 2-itemsets
L, = find frequent 2 itemsets(D");
//generate candidate k-itemsets C, from frequent (k-1)
for (k=3; L, , #¢@;k++)do
Begin
// generate all the candidate k-itemsets C, by joining
C, = apriori-gen(L, );
//use the Apriori property to eliminate candidates having a subset that is not frequent
for each transaction te D' do
begin (the t equal to each Record)
C, = subset(C,t);

for each candidate ¢ € C, do

c.count++;
end
//all those candidate k-itemsets
L, = {ceC,| c.count >= minsup}

/I C, satisfying minimum support form the set of frequent k-itemsets L,

End
Answer= U, L, ;
| //generate rules from all frequent itemsets

For each large itemsets L, € Answer, (k> 2) do

genrules(L, ,L.,)

" o = = = o a v w o aa
71U 2.5 Sanesiiumens oos dmSumsminganuduRu T AT
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procedure apriori_genl (L’ : Large itemsets)
{
Clk]= null;
foreachl € L’
foreachl, € L’
if isnnerJoin (1) or isInnerJoin (1,)
//'if 1, or 1, can make intradimension join
// isInnerJoin (1,) is a bool funtion, I, is parameter, its’ function is to judge
whether
//an item 1, can make intradimension join, if the return value is ‘true’, it’s allowed.
then {
c=1 >4l
InsertInto C[k]
}
for each ¢ € Cl[k]
for each (k-1)-subset s of ¢
if's &€ L',
then delete ¢ from C[k]

31.]‘?] 2.6 LLT1AY procedure apriori genl
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procedure apriori_gen (L’_,: Large itemsets)
{
Clk] = null;
foreachl € L’
foreachl, € L’
if not (isInnerJoin (1,)) and not (islnnerJoin (1,))
then //make intradimension join {
if (L[] =LIODAQR]I=1,2DA ... A (1,[k-2] = L[k-2]) A(1,[k-1] < L[k-1])
then {
c=1 bl

InsertInto C[k];

else //make interdimension join {

if (L2I=LODAQBIELRDA oA (0k-1] = L[k-2]) A 1,[1] < L[k-1])

then {
c=1p>al,;
InsertInto C[k];

}
for each ¢ € C[k]
for each (k-1)-subset s of ¢
ifse L,

then delete ¢ from C[k]

aﬂﬁ 2.7 WA4 procedure apriori_gen
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Input: DB: the original database (with its size, i.e., the total number of transaction,
equal to D);
L,: the set of all large k- itemsets in DB, where k=1, ..., 1}
db: an increment database (with its size equal to d);
Output: L’: The set of all large itemsets in DB\ db.
Method:The 1" iteration:/* find L’ , the set of all large 1-itemsets in DB\Udb */
W=L;C=¢;L’= ¢;P= ¢ y* W: winners, C: candidate sets,
L’,: initialized, P: for optimization */
forall T € db do /* scan db */
for all 1-itemset X < T do {
if X € W then X.support ++;
else {
if XegC
then { C=C U {X}; X.support, = 0;}
X.supprt,++;}/*init the support cont and add X into C */
}
forall X € W do /* put winners into L’ */
if X.support,;, > s x(D + d)
thenL,’=L’, U{X};
for all X € C do /*prune candidate sets in C*/
if X.support, <s xd
then { C=C - {X}; P=P W {X};}/* P will be used for optimization */
forall T € DB do /* scan DB */
for all 1-itemset X < T do {
if X € C then X.support,++;
if X € P then removes X from T; /* Transaction T is reduced */
i
forall X € C do /* put winners into L,” */
if X.support,;, > s x(D+d) thenL’ =L U{X};

return L,”. /* end of the 1" iteration */

gﬂ‘ﬁ 2.9 9an3 Ny FUP RV ESTACRI Large l-itemset
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The k-th iteration:

/*for k = 2 or larger, repeat this program fragment to find L’,.

the set of all large k-itemsets in the updated database, until either L’, returned is

empty or db = ¢ */
W=L;L’ = ¢; /*W: winners; L, : initialized */
C =apriori_genl(L’,,)-L;
/* the size-k candidate sets */
for all k-itemset X € W do /* prune off losers in W */
for all (k-1)-itemset Y € L, ,—L’,, do
if Y € X then { W=W — {X}; break;}
forall T € dbdo { /* scan db */
for all X € Subset(W,T) do X.support ++;
/* Subset(W,T) returns all the sets in W contained in T*/
for all X € Subset(C,T) do X.support,++; /* find support of all X € C */
Reduce db (T);
/* Some items in transactions in db can be removed, discussed in next section */
}
forall X € W do /* put the winners from W into L’, */
if X.support,; > s x (D+d)
then L”, =L, W{X};
forall X € C do /* prune candidate sets in C*/
if X.support, <s x d then C = C - {X};
forall T € DB do { /* scan DB */
for all X € Subset(C,T) do X.support,,++
Reduce DB(T); }
/* Some items in transactions in DB can be removed, discussed in next section */
forall X € C do
if X.support,;, > sx (D +d)
thenL’, =L’ U{X};

return L. ”. /* the end of the k-th iteration */

" ¥V
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Input: DB: the original database (with its size equal to D);
L,: the set of all large k- itemsets in DB, k=1, ..., n;
db: an increment database (with its size equal to d);
Output: L’: The set of all large itemsets in DB U db.
Method: The 1% iteration:/* find L), the set of all large l-itemsets in DB db */
W=L;C=¢;L’= ¢;/* W: winners, C: candidate sets, L : initialized */
forall T € db do /* aununilu db */
for all 1-itemset X < T do {
if X € W then X.support,++;
else {
if XE&C
then { C=C U {X}; X.support, = 0;}
X.support ++;
b vl C uazmummiveayy *
b
forall X € W do /* 11 W ik uinaatenfuayududuiuly L’ %/
if X.support,;, > s x(D + d)
thenL’ =L, U {X};
forall X € C do /*AAA1 Candidate set 1uC*/
if X.support,<s x d
then C=C - {X};
forall T € DB do /* atunumilu DB */
for all 1-itemset X C T do
if X e C then X.support,++;
forall X & C do /* ftrunaiatenivengusudni T 13l L,
if X.support,;, >s x (D + d)
thenL,’ =L, U {X};

L -
return L °. /* augasaunl */

" ¥
31 3.3 6ane3 iy HDFUP @3S umiAaud Large 1-itemset
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The k-th iteration: /*for k >= 2, until either L’, returned is empty or db = ¢ */
W=L;L = ¢; /*W: winners; L : Large Itemset in Update Database */
if k=2 /*9U1a k-candidate sets */

then {C = apriori_genl(L’_)-L,; }
else {C=apriori_gen2(L’, )-L,; };
for all k-itemset X& W do /* Af losers 14 W */
for all (k-1)-itemset Y € L, —~L’_, do
ifY € Xthen { W=W — {X}; break:}
forall T € dbdo { /* atunulu db*/

for all X € Qubset(W,T) do X.support++;

for all X € Subset(C,T) do X.support++;
}
forall X € W do /* 111 W fikuinaiaeniuayususiuiiulu L ¥
if X.support,, >sx (D+d)
thenL’, =L, U {X};
forall X € C do /* AAA1 candidate sets U C*/
if X.support, <s x d then C = C - {X};
forall T € DB do { /* atunun1lu DB */
for all X € Subset(C,T) do X.support++;
forall X € Cdo
if X.support,, >sx (D +d)
thenL’, =L’ U {X};

2 g d
return L. /* @UANIIVI9IUN k-th iteration */

" = o o gf ' "
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procedure apriori_genl (L’,_: Large itemsets)

{
C=null;
foreachl e L’
foreachl,e L’
if not( subatt (1,) and subatt (1,) )
/sl subordinate attribute iRefiy
then {
c=1, > 1,; /7 flumadeunimduiusiy intradimensional 910
290 2.1.2
Insertnto C ;
}
}

31."?1 3.5 procedure apriori_genl
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procedure apriori_gen2 (L’ ,: Large itemsets)
{
C=null;
foreachl e L’
foreachl, e |
if (mainatt (1,) and mainatt (1,))
1/ Gluﬂﬁi‘ﬁ'ﬁ main attribute
then // intradimension join {
if (L] =LODA Q21 =1,2D A ... A (k2] = L[k-2]D) A
(1,[k-1] < L[k-1])
then {
c=1 pal; //ﬁluﬂm%nmmﬁuﬁuﬂmn intradimensional
NG 2.1.2

InsertInto C;

}
else // interdimension join {
if (2= LD A (BI= LD A oA (,[k-1] = L[k-2]) A
(,[1] < L[k-1])
then {

= y w  w o S
¢ =1, >< L ; /AJumsiFeunnudui Uiy interdimensional
MINHID 2.1.2

Insertinto C;
}
foreachc € C
for each (k-1)-subset s of ¢

if s L7, then delete ¢ from C;

Eﬂﬁ 3.6 procedure apriori_gen2
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Itemset Support
{a} 4
{b} 3
{1} 3
{2} 4
{1,} 4
{L,} 5
{L} 4
{L} 2

Itemset Support

{a,1,L,} 3

{a,L,L} 2

{b,2,1,} 3

{b,2,I,} 2

{b,1,.L,} 2

{51L) 2

Itemset Support
{a,1} 3
{a,I,} 4
{a,I,} 2
{b,2} 3
{bI,} 3
{b,I,} 2
{1LL} 3
{2,1,} 3
{2,L,} 2
{2,1,} 3
{1,,L.} 2
{11} 2
{1,,1,} 2
{11} 2

Itemset Support

{6,211} 2

311 3.9 uana Large Ttemsets Y893 1md oAy
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W Scan db W
Itemset Support Support Itemset Support
{a} 4 +1 {a} 5
{b} 3 +3 {b} 6
{1} 3 +2 {1} 5
{2 4 +1 :> 2} 5
{1, 4 +3 1y 7
{1} 5 +3 {1} 8
{1,} 4 +1 {L} 5
{L,} 2 +0 {L} 2
(M) (V)
7107 3.10 s lomuau w movdaaunugmdoyaiinn
C G
Itemset Support Itemset Support
© 5 X.support, >= sxd ) 5
{3} 3 l:> (3} 3
{L} 4 s} 4
{3 5 {1} 5
{1,} 1 (V)
(n)
C Scan DB C
Itemset Support Support Itemset Support
{c} 2 +0 :> {c} 2
13} 3 +0 {3} 3
{L} 4 +1 {L} 5
{1} 5 +0 {1} 5
G)) (9

' ¥
310 3.1 uaasiuaeumm lemuamnioTu ¢ uazmondsaunugiudoyaiu




35

W
Itemset Support | F
{a} 5 Itemset Support
{b} 6 {a} 5
{1y 3 X.support,, >= sx(D+d) (b} 6
{2} 5 {1} 5
w | 7 ) P
{1,} 8 {1} 7
{1} 5 {L,} 8
{L} 2 {L} 5
(M) (v)
31# 312 uansn s Tomuan Ty Large 1-itemsets 910 W
I"’l
Itemset Support

{a} 5

{b} 6

{1} 5

{2} 5

£ {3} 3

Itemset Support S— {1} 7

{c} 2 {L} 8

3} 3 I:'> {1, 5

{L} 5 {1} 5

{1} 5 {1} 5
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C C
Itemset Itemset Support
{a,2} {a,2} 0
{a,3} {a,3} 1
{a,1,} {al,} 1
{aL} {a,L} 1
{aI;} {al} 1
Lga® 9y {b,1} {b1} !
Itemset Itemset {b,3} {b,3} 1
{a,1} {2,1,} {b,L} {bL} 1
{a,2} {2,1,} {b,L;} {b.L;} 2
{a,3} 2.1} {bL} {bL} 3
{a,}} {2,1;} {11} {11} 0
{a.L} {2,1} {1,L} {11} 0
{a,I,} {3,1,} {1,L} {1LL} 1
{a,L;} {3.L} {11} {11} 2
{a,]} 3,1} {2,L} {2,1} 0
{b,1} {3,L,} 2,1} {2,1} 1
{b,2} {3,1,} {3.1,} {3,1,} 2
{b,3} {1,L} {3.L,} {3,L} 2
{b,1,} {11} {3,1,} {3,1,} 0
{bL} {L.L} {3,L} {3.L} 3
{b,1;} {11} {3,1,} {31} 2
{bL} {L1,} {11} {11} 2
{bI} {LJ) {11} {11} 3
{LL} { L1 {L,L} {LL} 2
{LL} { L1} {L,L} { L) 2
{11} { L1} N {11} 0
{1LL} (L1} {L,1} {L,1} 1
{11} {11} N 3
(n) (1) (,)

' ' o 4 v e o 4
31 3.14 wanawad lomuwa ¢ MondsmayeuanuFuRuTIoun 2




Ll
Itemset
{L,}
(v)
w
Itemset | Support w
{a,1} 3 Itemset Support
{a,L,} 4 {a,1} 3
{al;} 2 {a,L,} 4
{b,2} 3 {al,} 2
{b1,} 3 {b,2} 3
{b,I} 2 {b,1,} 3
{11} 3 :> b1} 2
{2,1,} 3 {1,L,} 3
{2,L} 2 {2,1,} 3
{2,1,} 3 {2,1,} B
{1,.L} 2 {2,1,} 3
{11} 2 {1,,L} 2
{1} 2 {11} 2
{11} 2 {1,,1,} 2
(M) ()

! o = v o
31 3.15 uarmsnism w aae3imsaa lemui hignnsadlu L,
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Scan db

Itemset Support Support
{a,1} 3 +0
{a,L,} 4 +0
{a,l,} 2 +0
{b,2} 3 +1
{b,1,} 3 +2
{b,1,} 2 +1
{1,L,} 3 +1
{2,1,} 3 +1
{21} 2 +0
{2,1,} 3 +1
L) 2 +1
{1,L} 2 +1
{11} 2 +0

(M)

w
Itemset Support
{a,1} 3
{a,1,} 4
{a],} 2
{b,2} 4
{b,1} 5
{bL,} 3
{1,L,} 4
{21} 4
{2,1,} 2
{2,1,} -
{1,.L} 3
{11} 3
{11} 2
(v)

31 3.16 uanawam lomuaamolu w luseu 2
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w
Itemset Support
{a,1} 3
{a,I,} 4
{a,1,} 2
{b,2} -
b1} 5
{b,L,} 3
X.support,, >= sx(D+d)

{1,1,} R
21, 4 E>
{2,1,} 2
{2,1,} 4
1,1} 3
{11} 3
{L,L} 2

(M

L’
Itemset Support
{a,1} 3
{a,1,} 4
{b,2} 4
{b1,} 5
{b,L;} 3
{11} 4
{2.1.) 4
{2,I,} 4
{1,L,} 3
{11} 3
(v

31 3.17 namansmiar lemuian L2, mins w




X.support, >= sxd

c
Itemset Support
{a,2} 0
{a,3} 1
{a]} 1
{a,L} 1
{aI} 1
{b,1} 1
{b,3} I
{b,L} 1
{b,L,} 2
{b,I} 3
{LL} 0
{1,L} 0
{1LL} 1
{11} 2
{2,1,) 0
{21} 1
{3,1,} 2
13,L,} 2
{3,1,} 0
13,1} 3
13,15} 2
{1,L} 2
{1,,1;} 3
fL15 2
{11} 2
{11} 0
(I 1
1) 3
(n)

—>

C
Itemset Support
{b,L;} 2
1bJ} 3
{11} 2
{3.1,} 2
{3,1,) 2
{3.1} 3
{3,1) 2
{1,,1,} 2
{11} 3
L0} 2
{113 2
{11} 3
(v)

' - £.3 d
30 3.8 uaasmsma lomuan © iummivayutui luseni 2
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Scan DB

Itemset Support Support
{b,I;} 2 +0
{ b1} 3 +0
{11} 2 +0
{3.1,} 2 +0
{3,1,} 2 +0
34.) 3 +0
{3.1;} 2 +0
{1,,1;} 2 +1
13 3 +0
{11} ;. +1
Ll 8 2 +0
{11} 3 +0

Q)

C
Itemset Support
{b,1;} 2
{b1} 3
{1} 2
{3,1,} 2
{3,1,} 2
{31} 3
{31} 2
{11} 3
{11} 3
{L,L} 3
{L,1} 2
{L5,1¢} 3
()

3 319 uamamsmis lonuian ¢ luseuit 2 mondsdumlugwdoyaidy
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L’z
| Itemset Support
{a,1} 3
{al} 4
C {b,2} 4
| Itemset Support {bsln} 5
{b,1} 2 {b,L;} 3
{b,L} 3 {b1} 3
{11} 2 X.support,, >= sx(D+d) {1,1} 4
(3.1} 2 :> 21,} 4
{3,L,} 2 VAR 4
{3,1;} 3 {3,1,} 3
3.1} 2 {1.L,} 3
| {11} 3 1,1} 3
| (1,1} 3 1,01} 3
’ {L,L} 3 {11} 3
{ LI} 2 {L,L.} 3
g1gh 3 {11} 3
(M) (V)
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w Scan db W
Itemset Support Support Itemset Support
{a,1,1,} 3 +0 {a,1I,} 3
{b,2,1,} 3 1 |:> {b,2,1,} 4
{b,2,1,} 2 +1 {b,2,1,} 3
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(M) (V)
X.support,,, >= sx(D+d)
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Itemset Support
{a,1L} 3
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C
Itemset Support Rty Sy C
{b, 1,1} Itemset Support
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2. mmumﬂ%'ummm%’agaﬁ'amwﬁ T1014 mmma%’wmgma?’agmﬁuﬁmau
20,000 NI MUUEAFY tazgIuToyaiin HISILIL 6,000 NI WUBATY UAZIENNS TIATE
$149U 10 LONN3 T4 (T1014DB20Kdb6K)

3. nunERFuIINgadeyaFuns Iz T1014 nusAFuYeIgUteyaRuT Y
20,000 N3 IUUFATU uaxgm%gmﬁnﬁlmjﬁmau 2,000 NIWLUBATY HAZHONNSTIATD

149U 10 1ONN3196 (T1014DB20Kdb2K)

MINN 4.1 UAAITOYAUNAIUVDIYAMINAADITN 1

TID SubAttributel | SubAttribute2 OrderID
1 A045 E006 1005,i029,i1067,1095
2 A035 E032 1001,i015,1028,i1031,1032,1072,i076,i1079,1080
3 A009 E021 1004,i010,i018,1042,i044,1054,i1055,i065,i072
4 A0l6 E028 1003,1019,1029,1037,i059,1078,i1091,1097,1098
5 A028 E001 1005,1026,1032,1041,i1049,1056,i071,i1079
6 A040 E033 1022,1023,1041,1047,1061,i070,i1074,i077
7 A008 E044 1004,1009,i010,i016,i017,1053,1063,1087
8 A032 E040 1014,1019,i027,1032,i047,1051,i1070,i1078
9 A014 E029 1009,1025,i028,1034,1036,i044,i050

M319N 4.2 LAAITOYALIAIUYDIYANITNAADIT 2

TID SubAttributel | SubAttribute2 OrderlD
1 A013 E009 1007,i014,1031,i037,i059,1078,i097
2 A033 EO013 1005,i021,i026,i055,i1063,i087
3 A0l6 E034 1009,1011,1025,1028,i031,1034,1036,i058,i078
4 A020 E030 1006,1008,1013,1019,i061,i071,1073,i078,i1098
5 A019 E023 1004,i006,1019,i032,i053,i071,1073,i1095,i1098
6 A022 E030 1008,i1030,i031,1033,1042,1048,1066,i074,1082
7 A018 E003 ,1006,1008,i011,i031,i032,1033,i044,,i088,1097
8 A017 E023 1021,1023,i031,i032,i048,i056,i061,i075,i089
9 A002 E024 1002,1005,1022,i031,i048,i067,i078,i082, i085




M990 4.3 LARITOYANAIUVDIYANTNAADIT 3

Sub Attribute
TID 1 2 3 4 5 6 7 8 9 10 OrderID
1 A002 | BOO1 | CO004 D003 E003 F003 G003 HO001 Jo01 K004 | i026,i047,i070
2 A004 | B003 | C004 D001 E002 F003 G003 H002 J001 K004 |i009,i014,i018,i021,i035,i053,i1054,1058,1065
3 A004 | B004 | CO004 D004 E004 F004 G004 HO003 J001 K003 |i002,i007,i010,i015,i022,i039,i045,i053,i082,i1094
4 A003 | BOO1 | CO002 D001 E001 F001 G003 HO001 J004 K004 | i005,i021,i026,i055,i063,i087
5 A002 | B002 | C002 D003 E004 F002 G004 HO01 J002 K003 | i002,i005,i007,i014,i023,i029,i034,1050,i075,i081
6 A002 | B004 | €001 D004 E001 F002 G004 H002 J002 K004 |i009,i011,i014,i025,i028,i031,i034,1036,i1058,i1078
7 A001 B003 | C001 D002 E004 F004 G002 HO01 J003 K001 |1i002,i005,i008,i010,i016,i043,i052,i1084,1088,i096
8 A001 B004 | C002 D001 E002 F004 G003 H004 JO03 K004 | i014,i017,i024,i061,1062,i082
9 A004 | B002 | CO003 D001 E002 F0O01 G003 HOO01 J004 K001 1003,i014,i027,i030,i036,i040,i042,i064,i078
10 A004 | BOO2 | CO002 D004 E003 F003 G003 HO004 J001 K002 | i004,i010,i018,i042,i044,i054,i055,i065,i072

[4Y
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4.2 Han1inaned

MINARBINS 3 g 5ouivuaulsz@ninmuesdanesiiu HDFUP #2091m7u
TomurnnnMsFeuaNuFURUE (join) @319 2-Ttemsets M3vuTsuTUSans3 iy FUP
wazdalszaninmaunanlumsilszuanavesdanes iy HDFUP nisuifivududanes iy
FUP uazganes nuesi losnuminganuduiusuuuianay (lunisnanessz@ouumuday
Apriori Hybrid) 1ag3an11ugnApauesdaneasny HDFUP A20A1 Large Itemsets NMOUAINIG

v o aa

[y a = @ o o aa ar =
imljagdeya nudanesfivezilessumnganuduiutuuuiianay uazdanesiy

FUP Aol umiloun

v ]
o

HANINAADIYAN 1 HATHANIINAADIYAT 2 Amuammivayuiuanlylums

v
NADDININUA 4 AIAD 0.01, 0.02, 0.03, 0.04

AIT1N 4.4 HONIINAADIYAT 1 T10I4DB20Kdb10K

Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)

0.01 HDFUP 37,146 532 7,028 2668.337887
AprioriHybrid 37,146 37,336 7,028 6693.392961
FUP 38,590 532 7,028 2757.462059
0.02 HDFUP 11,735 90 1,194 570.5070021
AprioriHybrid 11,735 11,925 1,194 1615.944438
FUP 12,288 90 1,194 590.0242363
0.03 HDFUP 6,604 26 450 302.3441312
AprioriHybrid 6,604 6,794 450 883.4295516
FUP 6,691 26 450 305.5109365
0.04 HDFUP 4,986 11 204 227.3983995
AprioriHybrid 4,986 5,176 204 685.8556116
FUP 5,002 11 204 231.3544076
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Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)
0.01 HDFUP 37,490 523 7,079 1789.323209
AprioriHybrid 37,490 37,680 7,079 5892.177149
FUP 38,859 523 7,079 1849.788849
0.02 HDFUP 11,350 106 1,146 346.7730092
AprioriHybrid 11,350 11,540 1,146 1359.370788
FUP 11,836 106 1,146 357.9426279
0.03 HDFUP 6,508 47 456 184.6575243
AprioriHybrid 6,508 6,698 456 753.9457
FUP 6,591 47 456 187.5932
0.04 HDFUP 5,178 19 208 143.2118958
AprioriHybrid 5,178 5,368 208 600.7726552
FUP 5,203 19 208 143.5202521
Fl]‘i'lxi‘ﬁ 4.6 HaN13 Tlﬂﬁﬁ]si“]g’ﬂ‘ﬁ 1 T1014DB20Kdb2K
Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)
0.01 HDFUP 37,528 547 6,865 862.0887141
AprioriHybrid 37,528 37,718 6,865 4935.78387
FUP 38,972 547 6,865 891.6007662
0.02 HDFUP 11,642 161 1,186 144.4406537
AprioriHybrid 11,642 11,832 1,186 1179.705272
FUP 12,149 161 1,186 148.7774611
0.03 HDFUP 6,709 55 452 70.1461243
AprioriHybrid 6,709 6,899 452 655.5287513
FUp 6,803 55 452 70.512124
0.04 HDFUP 5,275 18 210 50.6396903
AprioriHybrid 5,275 5,465 210 515.6745057
FUP 5,305 18 210 50.7624891




T10I14DB20Kdb10K
18000
16000
14000
12000
£ 10000
£ 8000
= 6000
000 B HDFUP
2000 -
0 B AprioriHybrid
0.01 0.02 0.03 0.04
B FUP
HDFUP 14132 10032 6354 4934
AprioriHybrid| 14132 10032 6354 4934
FUP 15576 10585 6441 4950
Minimum Support
U 4.1 WaM3MARBINS join 7313 2-Itemsets YosdoyAYAT | TI014DB20db10K
T10I4DB20Kdb10K
8000
7000
6000
2 5000
w
T 4000
& 3000
2000 -
1000 - B HDFUP
& A * ol el
! AprioriHybrid
0.01 0.02 0.03 0.04 M Apstitiye
W FuP
HDFUP 2668.33789|570.507002 | 302.344131 | 227.3984
AprioriHybrid | 6693.39296 | 1615.94444 | 883.429552 | 685.855612
FUP 2757.46206 | 590.024236 | 305.510937 | 231.354408

Minimum Support

31 4.2 wamisnaneaaaatmvestoyayadi 1 TI0I4DB20dbI10K
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T1014 DB20Kdb6K

16000

14000

12000
2 10000
2
£ 8000
2 6000

4000

5000 @ HDFUP

0
AprioriHybrid
0.01 0.02 0.03 0.04 B AprioriHly
B FUP

HDFUP 13856 9667 6245 5126
AprioriHybrid| 13856 9667 6245 5126
FUP 15225 10153 6328 5151

Minimum Support

3UM 4.3 HamInAnean3 join #3513 2-Ttemsets YD BYAYATN 1 T1014DB20db6K

T1014DB20Kdb6K

7000

6000
5000
(*]
& 4000
L
E 3000
= 2000

1000 -

6 - -L s .
0.01 0.02 0.03 0.04

HDFUP 1789.32321 1 346.773009 | 184.657524 1 143.211896
AprioriHybrid | 5892.17715 1 1359.37079| 753.9457 |600.772655
FUP 1849.788851357.942628 | 187.5932 1143.520252

Minimum Suppeort

B HDFUP
B Apriorilybrid

B FUP

310 4.4 vamsnanvaaRIIAIvBTEYAYAN | T1014DB20db6K



T1014DB20K2K
20000
15000
g
g 10000
2
5000
0
0.01 0.02 0.03 0.04
HDFUP 14132 9933 6461 5222
AprioriHybrid| 14132 9933 6461 5222
FUP 15576 10440 6555 5252

Minimum Support

57

B HDFUP
B8 AprioriHybrid

B FUP

31N 4.5 HAMINARBINS join 313 2-Ttemsets YDITBYAYAT 1 T104DB20db2K

T1014DB20Kdb2K
6000
5000
£) 4000
)
T 3000
E
= 2000
1000
0.01 0.02 0.03 0.04
HDFUP 862.088714 | 144.440654  70.1461243 1 50.6396903
AprioriHybrid | 4935.78387 | 1179.70527 | 655.528751 | 515.674506
FUP 891.600766 | 148.777461 | 70.512124 |50.7624891
Minimum Support

B HDFUP
B8 AprioriHybrid

@ rup

3N 4.6 wansnaaewdawIMvBItoyayAi 1 T1014DB20db10K



M31971 4.7 HANSNATBIYAN 2 T1014DB20Kdb10K

58

Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)
0.01 HDFUP 36,315 510 7,000 2591.069804
AprioriHybrid 36,315 36,485 7,000 6609.560009
FUP 37,438 510 7,000 2697.166737
0.02 HDFUP 11,585 101 1,219 570.5554022
AprioriHybrid 11,585 11,755 1,219 1607.415225
FUP 12,091 101 1,219 588.4018334
0.03 HDFUP 7,689 31 466 346.9010102
AprioriHybrid 7,689 7,859 466 1010.164174
FUP 7,899 31 466 354.2922223
0.04 HDFUP 5,476 15 217 247.8540357
AprioriHybrid 5,476 5,646 217 728.8740807
FUP 5,518 15 217 251.9060449
m‘swﬁ 4.8Nnmswﬂﬁﬂwﬂ'ﬁ 2 T1014DB 20K db6K
Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)

0.01 HDFUP 36,314 426 7,011 1716.814216
AprioriHybrid 36,314 36,484 7,011 5755.460121
FUP 37,437 426 7,011 1761.74988
0.02 HDFUP 11,597 128 1,244 361.8610356
AprioriHybrid 11,597 11,767 1,244 1398.573657
FUP 12,103 128 1,244 371.9514532
0.03 HDFUP 7,819 38 483 217.4175818
AprioriHybrid 7,819 7,989 483 8901.4299663
FUP 8,044 38 483 222.1435909
0.04 HDFUP 5,668 21 217 156.000274
AprioriHybrid 5,668 5,838 217 650.8867443
FUP 5,724 21 217 157.022676
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M3199 4.9 HANINAADIYAT 2 T1014DB20Kdb2K

Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)
0.01 HDFUP 36,451 675 7,010 860.6931117
AprioriHybrid 36,451 36,621 7,010 4889.702191
FUP 37,574 675 7,010 882.9771503
0.02 HDFUP 11,599 172 1,232 147.498259
Apriori Hybrid 11,599 11,769 1,232 1181.858076
FUP 12,106 172 1,232 151.4606661
0.03 HDFUP 8,029 64 476 82.6333451
AprioriHybrid 8,029 8,199 476 770.501354
FUP 8,285 64 476 84.7009488
0.04 HDFUP 5,573 25 219 53.9448947
AprioriHybrid 5,573 5,743 219 542.8029534
FUP 5,622 25 219 54.1632951
T1014DB20Kdb10K
16000
14000
12000
2 10000
2
g 8000
= 6000
4000
2000 @ HDFUP
0
| f AprioriHybrid
0.01 0.02 | 0.03 0.04 W Apcdiighe
B Fur
HDFUP 12905 9790 | 7416 5418
AprioriHybrid| 12905 9790 | 7416 5418
[FUP 14028 10296 | 7626 5460
Minimum Support

31N 4.7 wamInAaeLEAINANS join 7319 2-Ttemsets Y9ITOYAYAT 2 T1014DB20db10K




T1014DB20Kdb10K

60

B HDFUP
B8 AprioriHybrid

| Fup

@ HDFUP
@ AprioriHybrid

@ Fup

7000
6000
5000
(=]
& 4000
E 3000
= 2000 -
1000 -
5 | -l- = S
0.01 0.02 0.03 0.04
HDFUP 2591.0698 | 570.555402 | 346.90101 |247.854036
AprioriHybrid | 6609.56001 | 1607.41523 | 1010.16417 | 728.874081
FUP 2697.16674 | 588.401833 | 354.292222 | 251.906045
Minimum Support
71N 4.8 wamsmaaeuanInaIvesdoyayAN2 T1014DB20db10K
T1014DB20Kdb6K
16000
14000
12000
2 10000
g 8000
2 6000
4000
2000
0
0.01 0.02 0.03 0.04
HDFUP 12905 9790 7525 5615
AprioriHybrid| 12905 9790 7525 5615
FUP 14028 10296 7750 5671

Minimum Support

31N 4.9 namsnanewaAINANT3 join 7319 2-Itemsets ¥0ITBYAYAT 2 T1014DB20db6K
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B HDFUP
B AprioriHybrid

W FUP

B HDFUP

B AprioriHybrid

i FUP

T1014DB20Kdb6K
7000
6000
5000
[*]
2 4000
-7
E 3000
= 2000
1000 -
0 . W
0.01 0.02 0.03 0.04
HDFUP 1716.81422|361.861036 | 217.417582 | 156.000274
AprioriHybrid | 5755.46012 | 1398.57366 | 891.429966 | 650.886744
FUP 1761.74988 | 371.951453 | 222.143591 | 157.022676
Minimum Support
310 4.10 HamsnaaoEAIIMIYBITBYAYAT2 T1014DB20db6K
T10I14DB20Kdb2K
16000
14000
12000
2 10000
2
2 8000
2 6000
4000
2000
0
0.01 0.02 0.03 0.04
HDFUP 12905 9789 7745 5418
AprioriHybrid| 12905 9789 7745 5418
FUP 14028 10296 8001 5460
Minimum Support

311 4.11 WOMINABBINAAINANS join B39 2-Ttemsets YOITOYAYAN 2 T1014DB20db2K




T10I14DB20Kdb2K
6000
5000
S 4000
2
T 3000
E
= 2000
1000
i o _[ B =
0.01 0.02 0.03 0.04
HDFUP 860.693112 | 147.498259 82.6333451 | 53.9448947
AprioriHybrid | 4889.70219 | 1181.85808 | 770.501354 | 542.802953
FUP 882.97715 | 151.460666 | 84.7009488 | 54.1632951

Minimum Support

B HDFUP
B AprioriHybrid

| FUP

62

3 4.12 wamsnaaesdanIvesteyayAN 2 TI014DB20db2K

H ' @ 5 ; c:. g !
HANINAADIYAN 3 MruammivayuTumi 19 lunmaasmanua 3 Afe 0.02,

0.03, 0.04

A13197 4.10 WANINAABIYAT 3 T1014DB20Kdb10K

Min Join Candidate Large
Support Algorithm Itemsets Itemsets Itemsets Time(sec)

0.02 HDFUP 83048 1666 13692 8872.3904716
Apriori Hybrid 83048 83188 13692 17077.740791
FUP 83108 1666 13692 9284.0890194
0.03 HDFUP 34008 245 3672 2344.4720962
Apriori Hybrid 34008 34148 3672 6253.418675
FUP 34068 245 3672 2377.8960079
0.04 HDFUP 19352 111 1739 1179.3084525
Apriori Hybrid 19352 19492 1739 3324.857171
FUP 19412 111 1739 1181.2955662




M3191 4.11 HAN15NAADIYAT 3 T1014DB20Kdb6K

63

Min Candidate Large
Support Algorithm Join Itemsets Itemsets Time(sec)
0.02 HDFUP 83916 2788 14153 6628.6996381
Apriori Hybrid 83916 84056 14153 14636.899943
FUP 83976 2788 14153 7089.3375977
0.03 HDFUP 34168 434 3725 1482.9010061
Apriori Hybrid 34168 34308 3725 5199.5631366
FUP 34228 434 3725 1511.9392914
0.04 HDFUP 19732 142 1760 714.1224542
Apriori Hybrid 19732 19872 1760 2798.3833167
FUP 19792 142 1760 721.0084668
ﬂl‘iN‘?; 4.12 Nf'tﬂﬁﬂﬁﬁﬂ\i‘l_mﬁ 3 T1014DB20Kdb2K
Min Candidate Large
Support Algorithm Join Itemsets Itemsets Time(sec)

0.02 HDFUP 84099 6165 14264 5257.4027062
Apriori Hybrid 84099 84239 14264 10445.6104541
FUP 84159 6165 14264 6135.2409158
0.03 HDFUP 34000 859 3734 780.7126543
Apriori Hybrid 34000 34140 3734 4609.6866588
FUP 34060 859 3734 808.3692361
0.04 HDFUP 19518 302 1753 300.260128
Apriori Hybrid 19518 19658 1753 2336.9057055
FUP 19578 302 1753 304.4989354




T1014 DB20Kdb10K
9400
9200
9000
o 8800
g s600
8400
8200
8000
0.02 0.03
HDFUP 9256 8851 8455
AprioriHybrid 9256 8851 8455
FUP 9316 8911 8515
Minimum Support

@ HDFUP
B AprioriHybrid

W Fup

314 4.13 namInaneITAINANTS join 7319 2-Ttemsets YD4BYAYAT 3 T1014DB20db10K

T1014DB20Kdb10K
20000
15000
)
2
T 10000
E
-
5000
5"
0.02 0.03 0.04
HDFUP 8872.390472 | 2344.472096 1179.308453
AprioriHybrid | 17077.74079 | 6253.418675 | 3324.857171
FUP 9284.089019 | 2377.896008 1181.295566

Minimum Support

B HDFUP
B AprioriHybrid

B FUP

310 4.14 wamsnaaewaaIAIveITeyAYAN3 T104DB20db10K




T1014DB20Kdb6K
9400
9200
9000
£ 8800
£ s600
8400
8200
8000
0.02 0.03 0.04
HDFUP 9256 8851 8455
AprioriHybrid| 9256 8851 8455
FUP 9316 8911 8515

Minimum Support

65

@ HDFUP
B AprioriHybrid

B Fup

U0 4.15 HamsmAnBINAAIHANS join 7319 2-Ttemsets YDITBYAYAT 3 T1014DB20db6K

T1014 DB20Kdb6K
16000
14000 -
12000
2 10000
T 8000 -
= 6000
4000 -
2000 - t
O ..... .
0.02 0.03 0.04
HDFUP 6628.699638 | 1482.901006 | 714.1224542
AprioriHybrid| 14636.89994 | 5199.563137 | 2798.383317
FUP 7089.337598 | 1511.939291 | 721.0084668
|

Minimum Support

B HDFUP
B AprioriHybrid

M FUP

314 4.16 mamismaneanaAItaIBITEYAYATI3 T1014DB20db6K
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T1014 DB20Kdb2K
9400
9200
9000
£ 8800
5 s600
8400
o B HDFUP
8000
AprioriHybrid
0.02 0.03 0.04 W Aproniyt
| FUP
HDFUP 9256 8851 8455
AprioriHybrid| 9256 8851 8455
FUP 9316 8911 8515

Minimum Support

U 4.17 wamsnARBLAAIHANTS join 7319 2-Itemsets YD9TOYAYAT 3 TI04DB20db2K

T1014DB20Kdb2K
12000
10000 -
< 8000
2
T 6000
E
= 4000
2000 ] B HDFUP
9 i B AprioriHybrid
riori Tl
0.02 0.03 0.04 .
i | FuP
HDFUP 5257.402706 | 780.7126543 | 300.260128
AprioriHybrid| 10445.61045 | 4609.686659 | 2336.905706
FUP 6135.240016 | 808.3692361 | 304.4989354
!
Minimum Support

311 4.18 namiInanpadAII VB ITEYAYATI3 T1014DB20db2K
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M3 4.13 A319907 1-3 Ttemsets YOgATOYAN 1 MinToyaviIa 10,000 N3 LTAIY

Increment Algorithm Minimum Time(sec)

Database Support 1-Itemsets 2-Itemsets 3-Itemsets
0.01 7.7156137 665.4815688 1522.531474
0.02 7.2680128 439.8131707 105.1425864

HDFUP
0.03 6.5052114 278.4760892 14.9136262
0.04 6.286811 217.2583817 3.8532068
0.01 11.8092208 1742.421862 3919.341288
0.02 11.7312206 1257.050208 298.7873248
10,000 AprioriHybrid
0.03 11.7624206 821.1074422 43.6488767
0.04 11.8404208 663.8003727 10.2148181
0.01 7.7376136 725.354474 1541.688308
0.02 7.2540127 458.4224052 105.9865861
FUP

0.03 6.4740114 281.6428946 14.9760263
0.04 6.271211 221.2183898 3.8648068

A15191 4.14 11319191 1-3 Ttemsets VogAToya 1 INADAYLIA 6,000 NIUNBAFY

Increment Algorithm Minimum Time(sec)

Database Support 1-temsets 2-Itemsets 3-Itemsets
0.01 4.6488082 431.5903581 1038.556224
0.02 4.4460079 264.5920648 67.1113179

HDFUP
0.03 3.9312069 167.7002945 11.5440203
0.04 3.8568074 136.9058841 2.4492043
0.01 10.2024179 431.5903581 3508.867363
0.02 10.3740183 1053.844251 260.0524567
6,000 AprioriHybrid
0.03 10.1712179 697.598426 39.9516702
0.04 103116181 581.6938217 8.7672154
0.01 4.6644082 468.7028233 1050.817846
0.02 4.4148078 275.1688833 67.7197199
FUP

0.03 3.9312069 170.6207017 11.55926203
0.04 3.8220067 137.2958411 2.4024043
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A15191 4.15 A1319901 1-3 Itemsets Yoyadoyai 1 inudoyauing 2,000 N3 msATY

Increment Algorithm Minimum Time(sec)

Database Support 1-temsets 2-Itemsets 3-Itemsets
0.01 1.7472031 218.2287833 509.7776954
0.02 1.6224028 109.9333931 28.8132506

HDFUP
0.03 1.4196025 63.4693126 4.6424083
0.04 1.3260024 48.0812857 1.2324022
0.01 8.564415 1268.937429 2955.877592
0.02 8.6268152 915.5344081 221.4891891
2,000 AprioriHybrid
0.03 8.5956151 610.1794717 31.4808553
0.04 8.7516153 499.4036772 7.5196846
0.01 1.7472031 236.1688148 516.0957065
0.02 1.6224028 114.2234006 28.9068507
FUP

0.03 1.4196025 63.8821122 4.6956083
0.04 1.3104023 48.2196846 1.2324022

M3 4.16 A13191901 1-3 Ttemsets YOIYATDYAT 2 iudoyavLIA 10,000 NIMLYATY

Increment Algorithm Minimum Time(sec)

Database Support 1-Itemsets | 2-Itemsets 3-Itemsets
0.01 7.1604125 | 614.4850792 | 1525.603532
0.02 6.9732123 | 431.3563577 | 110.8381946

HDFUP
0.03 6.5668121 | 320.1009625 17.5344308
0.04 6.0216106 | 236.9652165 4.6020081
0.01 10.7016188 [ 1591.389995 | 4013.512649
0.02 10.826419 | 1228.365759 | 311.2049466
10,000 AprioriHybrid
0.03 10.7484189 | 944.1604583 47.9232842
0.04 10.7328189 706.800042 11.0916194
0.01 7.1292126 | 659.9747592 | 1577.942772
0.02 6.848412 | 449.1091888 110.994195
FUP

0.03 6.4428113 | 327.5849754 17.5812309
0.04 6.0060105 | 241.0640258 4.5708081
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M3190 4.17 M1319901 1-3 Itemsets Y03ATOYATN 2 udoyavLIA 6,000 NSMIFATY

Increment Algorithm Minimum Time(sec)

Database Support I-Itemsets | 2-Itemsets 3-Itemsets
0.01 4.3368076 | 409.7035196 | 1030.912211
0.02 4.1836.74 271.612077 | 69.4825221

HDFUP
0.03 3.9000068 | 199.6959507 | 11.8560208
0.04 3.6816065 | 149.5886627 2.7300048
0.01 9.3288164 | 409.7035196 | 1030.912211
0.02 9.4068165 | 1066.090273 | 270.2080746
6,000 AprioriHybrid
0.03 9.2820163 | 830.6366596 | 44.8188787
0.04 9.4372171 | 632.5263116 8.9232156
0.01 4.3368077 | 439.4059718 | 1042.815032
0.02 4.0872072 | 282.1888956 | 69.3421218
FUP

0.03 3.8844068 | 204.4843599 | 11.8248208
0.04 3.7212066 | 150.6026646 2.6988048

M9 4.18 713191701 1-3 Ttemsets Yo9yAtoYaT 2 oy 2,000 NI MLTATL

Increment Algorithm Minimum Time(sec)

Database Support I-Itemsets | 2-Itemsets 3-Itemsets
0.01 1.5216028 | 206.3727624 | 518.0301099
0.02 1.4820026 | 109.5901925 31.1844548

HDFUP
0.03 1.5132026 75.0517318 5.3352094
0.04 1.3260023 51.7140908 0.9048016
0.01 8.0140142 | 1170.894059 | 2972.320021
0.02 7.8468137 | 901.5879835 | 231.1456059
2,000 AprioriHybrid
0.03 8.0188149 | 720.4560654 36.5508641
0.04 7.940414 | 526.7661252 8.0964142
0.01 1.4820026 220.709187 | 524.1921207
0.02 1.4820026 | 113.6305996 31.1532548
FUP

0.03 1.5216027 77.0953354 5.3508094
0.04 1.3260023 51.9324912 0.9048016
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M3191 4.19 M1319901 1-3 Ttemsets Y0IgATOYAT 3 NuTOYAYLIA 10,000 NIUUBATY

Increment Minimum Time(sec)
Algorithm

Database Support I-Itemsets 2-Itemsets 3-Itemsets
0.02 6.718384 | 503.8728199 | 6343.831846
HDFUP 0.03 6.8223903 | 469.187836 | 1797.744825
0.04 6.5193729 | 422.8521858 | 743.2045088
0.02 9.9155672 | 1267.113475 12102.1702
10,000 AprioriHybrid 0.03 10.577605 | 1253.989724 4807.967
0.04 10.5416029 | 1175.530237 | 2121.042317
0.02 6.7043834 | 508.8621052 | 6468.798994
FUP 0.03 6.7433857 | 470.3319014 | 1823.961325
0.04 6.719384 | 425.602343 | 742.0914452

A13190 4.20 1319901 1-3 Itemsets YoIyAToYAT 3 NTOYAVIA 6,000 N3 MLTATY

Increment Minimum Time(sec)
Algorithm

Database Support 1-Itemsets 2-Itemsets 3-Itemsets
0.02 3.944007 | 342.2385928 | 4541.80078
HDFUP 0.03 3.9376074 | 293.2657156 | 1137.852399
0.04 3.8376068 | 261.362859 | 444.1639801
0.02 8.6876154 | 1089.912942 10282.40327
6,000 AprioriHybrid 0.03 8.7204153 | 1024.614201 | 4022.799868
0.04 8.564415 | 976.2037152 | 1800.121163
0.02 3.960807 | 343.4365457 | 4728.284308
FUP 0.03 3.9312069 | 294.746353 | 1161.797241
0.04 3.8376067 | 262.3612608 | 450.082791
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M1 4.21 115191907 1-3 Ttemsets YOIYATOYAN 3 1NuTOYAVLIA 2,000 NI UUIAFY

Increment Minimum Time(sec)
Algorithm

Database Support 1-Itemsets 2-Itemsets 3-Itemsets
0.02 1.5300875 | 188.4737801 | 3236.572121
HDFUP 0.03 1.39808 | 151.1766468 | 583.9994029
0.04 1.3416024 | 116.0798039 | 179.047915
0.02 7.7064408 | 941.6118571 | 9037.032889
2,000 AprioriHybrid 0.03 7.5904341 | 924.3808715 | 3535.003191
0.04 7.2384127 | 824.5146487 | 1492.189021
0.02 1.5310876 | 188.8498016 | 3812.218046
FUP 0.03 1.3660781 | 151.0406391 | 606.7907064
0.04 1.3416024 | 116.5946048 | 182.8343216
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Abstract

In this paper, an incramenal wpdating techmigue
is proposed for maintaining  hybrid-dimension
association rules. We propose a mew incremental
algorithm  for  discovering  hvbrid-dimension
association rules. The new algorithm, called Hybrid-
Dimension  Fusr Updare Algorithm (HDFUP), &
madified from Fast Update Algorithm.

Keywords: knowladge discovery, hybnd-dimension
associarion rules, mula-dimension transaction database,
incremental association rule. fastupdate algonthm

1. Introduction

Dam mining is onc of knowledge discovery in
database (KDD) [1] which has recently received wide
awention from many rescarchers. Data mining can be
applied in many arcas such as the retail indusoy and
the finance sector.

Association rule mining is a data mining technique
for discovening the intcresting association relationships
among huge amounts of business wansaction records
An 1nfluennal algorithm for assocation rule mining is
Aprion algonthm. Aprion Algorithm [2] is algorithm
for association rukes mining. It uses prior knowledge of
large emsetsand uses an iterative approach known as
a level-wise search

The association nules can be eategorized mto two
kinds: single dimensional rules and multdimensional
ruics, according to the numbers of predication involved
in the rules. The single dimensional rules mainly deal
with the intra dimension assocmtions. Regarding ©
multidimensional associzoon mules, it can be divided
into ter demension assoviation rules and hybrid-
dimension assocmtion rules,

s Ima dimension association rules are the
multidimensional association rules which have no

repeated predicates. An example sucha mule i

age(X, "20...29") A occupation(X, “student™)

= buys(X, "laptop_computer™),

Three predicates (age, occupation and buy) occurs

only once inthe ruke,

o Hybnd dimension associanon rules  are
multidimensional associaton rules with repeated
predications. An exanple of such a rule is:
age(X. 720...297) A buys(X. Tlaptop_computer’™)
=% buys(X, "laser_printer™)

The rules discovered from a dambase only reflect
the current smtec of the database. However, m
a dymamic databasce whae new transactions arc
inserted frequentty, association nides discovered m the
previows darabase possibly no longer valid and
mteresting rules in the updared database. As a result,
new business information such as changing customer
preference, or new seasomal trends may not be
discovered.

For dynamic databases, scveral incremental
updating techniques have been developed for mining
association muies. Onc of the msajor work for
incremental associaton rule mining s FUP algonthm
[3] that was presented by Cheung  Fast Update
Algonthm (FUF) maintains the association rules from
newly inserted Tansactions. It uses the previous
association rules mmning large 1emsets to generate new
large immsers assocmton rules The following
properties are usually wsed in algorithm FUP
* An original large itemsets X, i.e, X€ L becomes

loscr in the updatwe database DB'U db if and only

if X.supportyn < (5 = d).

* Anonginal mfrequent itemsets X, ic., X € L, may
become iarge memsors in update daabase only
if Xsuppond2s~d

s If ak-iiemset X whose (k-1 bsubset becomes loser,
ie. the subsctis i Ly, but potin L'y;. X must be
Toser in update database. similarly
However, Fast Update Algonthm (FUP) can only

be used for discovering single-dimensional association

rules. Thus, we proposc a new merementsl algorithm
for discovering hybrid dimension associanon rules.
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The new algorithm, called Hybrid-Dimension Fast
Update Algorthm (HDFUP). is based on FUP

1. Hybrid-Dimension FUP Algorithm

Basically. the new algonithm is modified from FUP.
To dicover hybrid dimension association rules,
the new algonithm nced o have new jom operation.
The new join defnitian s defined as followings

Definition 1: The intra-dimension join

For the jomning mplement m 4, >4 &, the first
(k-2} nems of |, and §; arc the same as the following
iems: (L{1] = LD » 402 = .2 N~
fk-2] = L(k-2D 5 (Ifk-1] < L{k-1] The result is
LI {2) gy k-1 k- 1)

Definition 2: The inter-dimension join

For 1h.:£mm‘ng implement in lp B &, the items
from die 27 to the tk-1) in §; are the same 25 the items
from the 1% © the (k-2® in | and L1} < L[k-1] a5
follows: (1I,2] = LD Q3] = W2p N ..M
(efk-1] = LIk-2D 7 K1) = Lik-1]). The rosult is
L[ (k-2 1y [k- 1)

Input D'E e orgunal dgabess D i oy Lo tonal number
of tramaack cns),
L, the rat of all luge k- termsoe in OB,
where =1, .1
o w macremeet datab wee (watk e sxe equal 1o d),
Cutpwt. L* The set of all luge femaets m DE' db
Mattod
The 1" itnation ™ fnd L"), the sstof all
largs Litemsnts m DB UL ch Y
Wal,, C= #, 0= ¢, F=-¢g,
£*'W . winnwre, T cancluchato oets, L anctiakzed
F for optimzation ¥/
fordlT € &b do S eomndh ¥/
Forall.fiemsst X € Tdo {
if X & W then X cuppotyr+
owe
X eC
hen { O =0 U X}, X supporty =T
Pl e cuppod ol and add axto O ¥
o suppita )
for dii{ € W do /" pas wawers w0 L ™
WX ruppotep > e XD+ )
thenl:"= L% o (X].
for A ¢ O do Mprune cowidde eote i T
of Y uppotenc ¢ (= 4
e [ C=C— X}, P=F wi{X})
I F wdl ke vand for opmatation */
for ellT ¢ DB do M scan 0B ¥
Forall-aemset X T T éo {
£ X e a2 supportat,
£ X & Pthenizesioves & Foam T
* Trmsation T 19 veddared *7
!
fog allll ¢ C do / put wirmers vao L, */
¥ suppodlD = 5 D+ d
hen ' Ly o (X0
eefuen by' 77 enud afthe [ @ mratuon ¥/

The kthitarsion. #fork = 2 o7 lasges, repest thas program:
fragment to frad L'y the sd of all large kertems etz in the
vpdated ddabase, untd edher L'y retumed e enptv orcb =
W=Ly ly= é
"W wirres, Ly . ininalzed */
k=2
then {C= apmion_geal L'y - Ly |
wice {C=apnon_gndl’yp - Ly}:
1% the ezme-k canchdate aete *1
for dlk-temsel Xe W do
/* onuane off loses in W Y/
for all (1) dtemaet ¥ ¢ Ly, L'y o
£Y g Lthee { W= - (], break }
for lIT ¢ db do | Mecundb
forall X & (W.T) do X supportstt,
1* Subsst(W T retums all the sets n'W contaned in T
for i = Sulse(C,T) de Xsuppatytt,
/* find sapport of all X & C*!
Rednce b (T,
#* Some dems mtramsations o db canbe removed
digassed i ned sechon *f

i
forllX & W do
1% put the wanees from Wanta L7, ™
if X suppontap2 ¢ ¥ [ D+d)
thenl’y= L") W {X:
for d1X & Cdo/™ paxe ranbdalesds nC?
X suppody < 3 “ dthenC - C - (X},
forallT ¢ DRdo { /™ semDE */}
for all X & Subeat(C,T) do X supporty++
Reduce_DBIT).
/* Some tems Bittausations i DB canbie removed,
dizased nnoe rechan ¥/
foral X g Ceo
X suppoter 2 sX(D+ )
henl’y=L" s {X).
retum Ly’ /* tle end of the k-Ih ferdoon !

Figure | HDFUP algorithm
procedwe apmion_genl (L7)): Large ttexunts)
C = null;

foreachl, € L'y,
feroachl € L,
¥islnnerfoin (L) or wslanmerJon (1)
then {
e=h pal;
Ingentinto C
foreache € C
for each (k-1).cubset < of ¢
fe@ly,
then delote ¢ from T
H

Figure 2 Apriori_genl()
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procsdure aprioni_genl (L', Latge itemreats)
| = null,
foreachl ¢ L'y
for eachl. ¢ L'y,
o 1elmertomn (1) and wlnnerdoin (1)
ther //make wiradinens:on jon
[ L] = LOD AGRI=LEDA A
L(x-2] =12 D A 1] < LE-1D
tkon |
e~ h bl
Inserilnto C.)
i
cloe //make uiterdurension join
UFL[2 LD ARDBE LD A A
Q-1]= L-2D A w1]< 101D
thers {
o= <l
Ingerlnin |
ﬂll eachee C
for sach & ).eubgst g of ¢
i ¢ o L'y
then dilete ¢ fron
}

Figure 3 Apriori_genl()

Based on the new jomn operation, the new
algorrhm. as shown in Figurel, 2 and 3, can be
dwided 1mo 3 pans

As for the first parr, the 1large-temsets of updated
database is derermined. When new transactions are
added, HDF UP scans them 1o generate the 1 candidate
-itemsets  fie. () and  then  compares  these
1 candidate-itemsess with the anginal | the
large -ttemsess. If a | candidate-itemset from the newly
msertad transacgons is also among the | large -
emsess from the orignal dambase, ns pew total count
for the whaole updated darabase can easily be calculared
from 15 current court and previous count If X €C,
and Xsupporg < s * d. these ttems are removed from
candidate itemset and nsert dem to P for optimizaton
A scan of oniginal datbase is performed when X €,
In case of X supportyy > s « (D+d), tem X s mserted
1o L7 This part uses the same algonthm as FLUP.

In the second pan, the 2 large-itemsets of updated
darabase 3 datermmed. €, s generamed by applving
aprion_genl procedure on L and removes the joined
iiem which is similar to the original 2 large-itemsens.
Any set X € L., which has a subset Y such thar
Y € Ly L'y cannor be large and are fikered ow
from W. A scan of db having X € SubsettW.T) or
X € SubsaiC.T) is conducked in order to count

the supponing value If X € Crand Xosupportg < s = d,

these items are removed from candidar temset
A scan of orignal dambase 1€ performed when X €€,
In case of X suppon; o 2> s # (D+d), iem X i msered
to L'y The algonthm of this pan is shown in figure 2

Regarding the last pan, aprion_genl procedure is
joined wuh L'y, when k > 3. This pamnt is almost
sinular 1o that of the second pant

3. Experiment

As an example. a original database and Incremental
dstabase arc shown in Figure 4 Both databases consist
of multdimensional rransactions of Product Orders,
which includes mo subordinaw aunributes: Age, Area
and main atribute Order. Based on minimum suppon
threshold equal to 0.2, figure $ shows frequent itemsets
obmined from the original dambase. Like FUP,
hybrid-dimension association rules can be found from
the frequent itemsets in figure 6.

In figure 6, {b.21,1,} is a frequent temset. We can
generae such a hybrid-dimension associanon rule:
h A2 Al = [, (suppart= 23%, confidence = 75%)

Age(Xb) A Arca(X.2) A OrderiD(X 1) =>
OrderlD(X.1y) (support = 23%, confidence = 75%)

This rule shows that the subordinate attributes Age
and Area appear at most once, and the main atwribure
OrderlD appears many times. Furthermore, All
large-iemsets as shown in figure 6 ndicate that
the proposed algonthm can comecdy discover all
hvbrid-dimension association rules.

iD Age Area | OrderlD
1 s 1 Is, L
2 8 1 I,k Is
3 a 2 Il
4 b 2 Iz
5 b 2 1.1 le
6 a 1 Iz b
7 b 2 Ik
{a)
D | age | Ares | CrdeslD
2 a 3 11, 15, Is
] b 3 hiklskls
10 c 3 In, Is
11 ¢ 1 In s
12 h (R | 75
13 |2 2 I, B, Is
(b}
Figure 4 (a) Original database
(b} Incremental database

- 881 -

81



Ly 13
temset | Support _hemset [Suppent
(a) 4 {a.1) 3
L 3 (&%) 4
(1} 3 {8k} 2
(2} 4 {b.2} 3
thl 4 {b0y) 3
(1PY] 5 b1} 2
{la} a4 {1.k} 3
{la) 2 {24} 3
o i i {2.0:) 2

{2.h) 3

Ay o th L} 2
Itemael | Suppont {l1.1} 2
[a.1,12) 3 2.0} 2
a1z 1] 2 {1z s} 2
{b.2.h} 3
.2,k 2 L4 )
[CRIMEY 2 temset |Support
{2.h.0z) 2 (5.2 .0h.1z) 2

Figure 5 Large itemsets in original database

L7y L5
Hernsel 7§:|'i;;rul -"Ip;u";ﬁeimj guppun
fa) o {a.1) a
1] 6 fa.lz) 4
(1} & {b.,2) 4
(2} s (b} 5
> 3 {b.bhy} e
{h) 7 {bls) 3
{1z} ] .0z 4
{4} -3 2.0 4
ils) 5 (2.1 4
llgl 5 13,1} 3
(h 4g} 3
{h e} 3
IR 3
LS {h e} 3
iternaal | Suppornt | Uz le} 3
{a,1 bz 3 fate) | 3
N 4
6.2 1y a La
{b.h Jat 3 Rameel :ﬁubprarr
{24 bl o | (b20 01 3 |

Figure 6 Large itemsets in updated database
4. Conclusion

In this paper, we propose HDFUP algorithm for
discovermg  hybrid dimension  association  rulcs.
The atgorithm can guaranwe w discover all hybrid-
dimension association rules. In the fumre, further
rescarches and experiments on the proposed algorithm
will be presented
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