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APRIORI/APRIORI IN SQL/STRONG ASSOCIATION RULES/RANDOM

SAMPLING/STREAMING

Association rules are if-then rules that are used to express the causes and
effects among items in a dataset. Strong association rules are association rules with
high support and high confidence. Association rule mining for discovering strong
association rules requires a very large dataset to assure high data support and high
confidence. Time usage is an important problem in association rule mining for strong
rules, especially when mining from large transactional data. We are interested in
studying the technique to decrease time usage in association rule mining from a very
large dataset. We use random sampling technique to mine strong association rules
from a sampled transactional data with the constraint that the discovered rules have to
be identical to these discovered from the original large transactions.

From the experimental results, we have found that a 1% random sample of the
data can yield exactly the same set of strong rules as those obtained from the large
original transaction data set. By means of sampling, we can save as much as 95% of

association mining time.



The results of the preliminary study lead to the development of strong
association mining program. The program is an extension of APRIORI algorithm to

include the sampling phase. We also design our program to handle streaming data.
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F : result set of frequent itemsets (of different sizes)
F[k] : set of frequent itemsets of size k (k-itemsets)
C[Kk] : set of candidate itemsets of size k
SetOfltemsets generateFrequentltemsets(Integer minimumSupport) begin
F[1] = {frequent items};
for (k= 1; F[k] # 9; k++) do begin
C[k+1] = generateCandidates(k, F[k]);
for each transaction t € database do
for each candidate ¢ € C[k+1] do
if c c t then
c.count++;
for each candidate ¢ € C[k+1] do
if c.count > minimumSupport then
F[k+1] =F[k+1] U {c};
end;
F=0;
while k > 1 do begin
F=F U F[k];

return F;

end;
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C :result set of candidate itemsets of size k+1

¢ :candidate itemset of size k+1

SetOfltemsets generateCandidates(Integer k; SetOfltemsets F) begin
C=0;
for each k-itemset f € F do

for each k-itemset g € F do begin

i=1;

while (i <k) and (f]i] = g[i]) do begin
c[i] = 1[i];
i++;

end;

if (i=k) and (f[k] < g[k]) then begin
c[k] = fTk];
clk+1] = g[kl;
if not hasInfrequentSubset(c, F) then
// only those cand’s are kept where all (k-1)-subsets are frequent
C=Cu {c};
end;
end;
return C;
end;
Boolean hasInfrequentSubset(Itemset ¢; SetOfltemsets F) begin
for each (k-1)-subset s of ¢ do

if s € F then

return true;
return false;

end;

H a a a 3
311 2.5 danesiiue Insoe3 : myaiwuauden loriumn (Candidate itemset)
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Precondition: all frequent itemsets have been computed
each itemset has two attributes:
count : “support” as an integer
size  : cardinality, i.e. number of items in itemset
for each frequent k-itemset f € F where k> 2 do
generateRules(f, f);
/I Computes all rules (g --> f\g) forall g < f.
generateRules(Itemset f, Itemset left) begin
rules.add(a, f\a); // set of result association rules
if (left.size-1 > 1) then
generateRules(f, a);
end;
end;

end;

4 @ a a ) v o d . .
317 2.6 daneTiue Inseos : MyaiangANNFNRUT (Compute association rules)
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vasnniimngmiunds ¢, w2 ldllu ({1234}, {1345, {134}, {135}, {23 4}} danaag

Tuzin 2.7 vaggin 2.8

insert into Cy select Iy.itemy, ..., Ij.itemy.;, r.itemy;
from Fk-l Il, Fk_1 12

where I,.item; = L.item; and

I .itemy., = Lr.itemy», and

I;.itemyq < L.itemy

A 9 a <3
11 2.7 msadrauaudian lernumalu SQL

(Skip item k-2)
I1.iteml = Ik.iteml

Il.item k-1 = Ikitem k-2

12 _itenl:k—l = Ik.iteln:k—l N

(Skip item1) - F k-1 Ik

11 item?2 = 13 item1

Il.item k-1= I% item k-2
I2.item k-1 =I3.1tem k-1

~
.
”
I1}iteml < I2.item] / <

Il.item k-2 = 17 item k-2
Il.atem k-1 <I2item k-1 N

S

F k-1 2

~ 9 a <3 o Y] 1 9 A
E‘]J“I/l 2.8 LLﬁ@Nﬂ1§ﬂ'i'I\‘lllﬂumﬂﬂul’f)mill“h'ﬂﬁ"lﬂSﬂiﬂﬂﬂﬁ’fﬂuﬂlﬂy’mﬂ k
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Vaya ‘Vl k GluﬁTiNﬂ'ﬂu!L“b’ﬂ‘]fu T L!ﬂ?ﬁ]ﬂﬂ@iﬂﬂﬂi‘vﬂTﬁ\? group by GniJllmeML“]iG] muﬁﬂﬂu

ﬂﬁ 2.9 A ‘i‘]J“V] 2.10

insert into Fy select itemy, ..., itemy, count(*)
from Ci, Tty, Tty

where tj.item = Cy.item; and

ti.itemy, = Cy.item,  and

t;.tid = t,.tid and

ty.q.tid = f..tid
group by itemy, ..., item

having  count(*) > :minsup

31U 2.9 matiumaivayu uag msasn”lammcmmﬂﬁmguaa‘lu SQL

having
count(*) = minsup
Group by
iteml......itemk
Ck.iteml = tl.item /
: e
Ck.itemk = tk.item L" T
e
.
. . Ck
t1.tid = tk.tid [><ﬂ
= S
L \H-\_
// T tk
tl.tid = t2.tid 4
///- H“"\
// H“‘x
T tl T t2

317 2.10 uaaam AT UAY
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TID Itemset
T100 I1, 12,15
T200 12,14

T300 12,13

T400 11,12, 14
T500 1,13

T600 12,13

T700 11,13

T800 11,12, 13, I5
T900 11,12, 13

vy 9 = = ' o Ao ny Fl

gudeyanngudoya Yord o wSeuivumaiuayuiniyld p o
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afauavdan C gudoyannguloya C wieufeumamiayui
3 , 3 .
C;mn E, Torftua D iietiuuaazuaudian orftuan Aanfuengu Wolddummivayui
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F3
Torfiuan manfueyu
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afauaudan grudoyanngutoya wieufeumaiayui
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Yorfhua ) Torianan mariuayu §
- 5 fmuald
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Cs=T — Fy = @ — danosnungans

NN

Ulmﬁmcmﬁﬂﬁm;]ﬁeﬂ fAe {I1}, {12},
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ﬂgmmﬁ’uﬁ’uﬁﬁ I1->12 11 ->12,13
v 113 211,13
Axny 1115 311,12
2 ->11 11,12 > I3
I3 > 11 11,13 > 12
5511 2,13 > 11
213 11 - 12,15
2->14 12 > 11,15
215 I5->11,12
I3->12 11,12 > I5
4 —-12 11,15 > 12
I5>12 12,15 > 11

A % ] o % as a 1
?j‘ﬂ‘ﬂ 2.11 ﬁ’JfJEINﬂﬁﬂNWH"U’E’NE)ﬂﬂ’E]ﬁ‘ﬂﬂJLkalW'i’E]fJ‘i (919)
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p_slct : select statement

¢_dummy : REF CURSOR

Ic_str : variable

Ic_colval : set of transaction item
p_dimtr : delimit

Begin

open ¢_dummy for p_slct;
loop
fetch ¢ dummy into Ic_colval;
exit when ¢_dummy%notfound;
Ic_str:=lc_str || p_dlmtr || Ic_colval;
end loop;
End;

~ Y] Aa R 9 Y L] = 4
qﬁ,‘]_h/l 33 ’E)ﬁﬂ’é)i‘ﬂl]ﬂ'lﬁLL‘].]ﬁ\i?l‘]JLL‘]J‘]JSU’l’]ll“aﬂ']ﬂ“l/lﬁ'lull“]fﬂslfuﬁﬁ'lﬂﬁﬂﬂ@ﬁ@Lﬂuﬁuﬁliﬂﬂ'ﬂiﬂ

TID ITEM TID ITEM
001 Snack 003 Soap
001 Soft Drink 003 Sausage
001 Bread 004 Tooth Brush
001 Sausage 004 Tooth Paste
002 Snack 004 Soap
002 Soft Drink 004 Sausage
002 Milk 005 Snack
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003 Milk
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p_slct : select statement

¢_dummy : REF CURSOR

cnt_tran : count all transaction
pc_rand : percent of sample size
sample : sample size

Ic_colval : store sampling column
begin

count all transaction;
if sampling then
sample := trunc((cnt_tran*pc_rand)/100); -- sample size
foriin l..cnt_tran loop
-- condition for sampling
sample rec :=sample rec||sampling value ||',’;
end loop;
end if;
p_slct :=p_slct|| © where ’||[sample_rec;
open ¢_dummy for p_slct ;
loop
fetch c_dummy into lc_colval;
exit when ¢_dummy%notfound;
begin
insert into temporary_table
values (Ic_colval);
end;
end loop;

end;
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p_slct : select statement

¢_dummy : REF CURSOR

cnt_tran : count all transaction
pc_rand : percent of sample size
sample : sample size

Ic_colval : store sampling column
begin

count all transaction;
if sampling then
sample := trunc((cnt_tran*pc_rand)/100);
foriin l..cnt_tran loop
-- condition for sampling
sample rec := sample rec||sampling value ||',';
end loop;
end if;
p_slct :=p_slct|| © where ’||sample_rec;
open ¢_dummy for p_slct ;
loop
fetch ¢_dummy into Ic_colval;
exit when ¢_dummy%notfound;
begin
insert into temporary_table
values (lc_colval);

exception when dup_val_on_idex then null; -- check duplicate

end;
end loop;
end;
= (% a R 1 % 1 1 9 [ 1 1 1A d‘
711 3.9 aﬂaﬁmmﬁqum’e‘)&lmmmwiﬂﬂslwaﬂmiqmmuhlﬂaﬂum



39

1 % 1 =~ 9 [ 1 (= d‘ ax 1 Y L]
3) ﬂTﬁEIZJG]’J’E)EJNLLU‘]JN'B'%UUI@EJGl‘m/iaﬂﬂﬁqmmﬂclﬁﬂu‘ﬂ ITNITUAIDYN
dyw d? o Aax 1w ' =~ o [ 1 =
LL‘U‘U‘L!WV’JJHWGUMT@Elun‘ﬁfﬂﬁEIIJG]’J’E)EJNLL‘U‘UN3$1J1J1I11J33Qﬂﬁiﬂﬂ%?ﬂﬁﬁﬂﬂﬁﬁ;ﬂl!ﬂﬂﬂﬁ%ﬂﬂ

Y A o A g o ' ] A o A g Yy v
ﬂgﬂﬂillfniﬂﬂ’iuﬂﬂﬂLiﬂﬁulm%ﬂ1147]'&!1’?15%831’“\3531’”1\1"1]@33@1 LﬂJﬂﬂWWHﬂﬂﬂ!iN@]uqﬂllﬁﬁ

9 1 = 1 A 1w 1an A o @ d? qu [ A ) "9 A
mayam'lﬂ%mzaxmwmmu LLGI’JﬁVWHﬂﬁWGJJUHIHUHWJLa“UTILﬂuﬁnmuiﬂlﬂyﬂﬂgﬂﬁh

q

d? I [ A 13 a Y z o "9 v 1 o
"Ul.lllWLﬂlJGI'JLLﬁﬂi]%ﬂfJ’N!‘lJuﬂﬂ!iiJ@lu mﬂuuiumﬁﬁmumuway,amm"lﬂ%w1mﬁqu
o A 1 9 d? Y o A o o ] 9 A I A Y I
ﬂ?Lﬁ“U“VIL‘]JLlﬁz‘EJS“HN“U’EN‘U’E)JJUWUUNHLa’J‘L!TVIJJ‘U’JﬂLW3Jﬂ‘]_l$3|TLLWUQEU’ENGU@HaﬂﬁJuﬂmiM@]uﬂﬁ]z
Yy o Vv o A~ " 2 ' A g A Y A
ladoyavosdrediedann i Taaietimsquanaviuin ludazgouaniud liFoes arlins
' Y ° Y Py o Y Yo ' ' Ay < o oA
mumaga'lﬂ%uﬁmmmumagaummaﬂ@mafm"luﬂswnummmiﬂﬁ]muﬂaummuw

]
o v A v 1

¥ £ vy Ay Voo Yas
ﬂlauamﬂuwﬂmﬂe'lﬂ%u"lmauamamqmmmwmmﬁ ﬂﬁ‘ﬁ?‘ll“lﬂl']ﬂsll’f)\iﬂQNﬂTﬂ‘c’JNGlG]S’J‘ﬁ

QU U

= v v Aad 1 Y 1 1 9) (% 1 1A t:‘ [ til
Lﬂﬂ?ﬂuﬂ‘]_l’ll‘ﬁﬂ"liquﬁjﬂfJNLL‘U‘]J\TIfJIﬂEJGlGHﬁaﬂﬂ?iﬁ;i]!!,‘ﬂ‘ﬂalﬁﬂu‘ﬂ ﬂﬁllﬁﬂﬂiugﬂ“ﬂ 3.10



A 4

v
dondeyaninuain

FIOMTNTIUUYATU

Y 1Y
AvaMsguioya

A 4

v

minnudeyaiidesmgu

U

v

1w a

dudaumugaisuduvedeya

“ 7

1o '

ﬁil@]’ngllLLVIH‘H’NE%EJ%W"N”U?N%IEHJVE]

a

v Ay
VBYANTUAINNADINIT

A 9 ! &
ondeyaguaionly

A v o 1 1 % 1 = Y o 1 A A
ETJVI 3.10 LLE‘T@NI‘}Nfﬂﬁ‘VIN'Iuﬁ’JUﬂW§q3J@]’J'OEJNLL‘]J‘Ull58“1J°]J1ﬂ8(1"1ﬂ/iaﬂﬂ1i’q3JLL°lJ“lJ1ﬁ'ﬂu'ﬂ

o Do
VY‘
% =1

uindoyaasluaseiingn

AWUMINNIU

40



41

cnt_tran : count all transaction
pc_rand : percent of sample size
sample : sample size

Ic_colval : store sampling column
begin

count all transaction;
if sampling then
sample := trunc((cnt_tran*pc_rand)/100); -- sample size
if start then
rank := findFirstPosition;
else
rank := mod(rank + sampling_value, cnt_tran);
end if;
begin
select transaction_id
into Ic_colval
from transaction
where row_number = rank;
end;
begin
insert into temporary_table
values (Ic_colval);
end;
end if;

end;
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cnt_tran : count all transaction
pc_rand : percent of sample size
sample : sample size

Ic_colval : store sampling column
begin

count all transaction;
if sampling then
sample := trunc((cnt_tran*pc_rand)/100); -- sample size
if start then
rank := findFirstPosition;
else
rank := mod(rank + sampling_value, cnt_tran);
end if;
begin
select transaction_id
into Ic_colval
from transaction
where row_number = rank;
end;
begin
insert into temporary_table
values (Ic_colval);
exception when dup_val_on_index then null; -- check duplicate
end;
end if;

end;
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p_hslct : select statement for head transaction

h dummy : REF CURSOR for head transaction

pc_rand : percent of sample size
Ic_hcol : store head transaction column
begin

open h_dummy for p_hslct ;
loop
fetch h_dummy into lc_hcol;
exit when h_dummy%notfound;
if dbms_random.value (0, 100) <= pc_rand then
begin
insert into temporary_table
values (Ic_hcol);
end;
end if;
end loop;

end;
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Cursor Sec; is select item,
substr(item, instr(item, ‘,’, -1, 1)+1)) 1 _item
from Fi;

Cursor Sec; (1_item) select itemr item
from F;
where 1 item < item;

begin

for S; in Sec; loop
for S; (1_item) in Sec; loop
insert into candidate table
values (1_item|| ¢,” ||r_item);
count support;
end loop;
end loop;

end;
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begin
insert into frequent
select candidate item
from candidate
where support >= minimum_support;

end;
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Cursor Freq is select frequent item,

from frequent;

begin
for F in Freq loop
cnt left := countSupport.leftltemSet;
cnt_item  := countSupport.ItemSet;

confidence := (cnt_item/cnt left);
if confidence >= min_confidence then
print_rules;
end if;
end loop;

end;
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v_rand : random value

v_tent : count all TRAN_TEMP
v_tid : transaction id

v_newtid : new transaction id

v_rand_status : sampling status

begin

check sampling status from MINING _CONTROL;
if sampling then
v_rand := random value (0, 100); -- insert probability
if v_rand > 50 then
begin
insert into tran_temp (tid, random_status)
values (v_newtid, v_rand_status);
end;
v_rand := random value (0, 100); -- delete TRAN TEMP probability
if v_rand > 50 then
count TRAN TEMP;
find record for delete;
delete from TRAN_ TEMP;
end if;
end if;
else
begin
insert into tran_temp (tid, random_ status)
values (v_newtid, v_rand_status);
end;
end if;
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TID ITEM TID ITEM
001 Snack 005 Snack
001 Soft Drink 005 Soft Drink
001 Bread 005 Bread
001 Sausage 005 Sausage
002 Snack 006 Tooth Brush
002 Soft Drink 006 Tooth Paste
002 Milk 006 Soap
002 Sausage 006 Sausage
003 Snack 007 Snack
003 Soft Drink 007 Soft Drink
003 Milk 008 Snack
003 Soap 008 Soft Drink
003 Sausage 008 Sausage
004 Tooth Brush 009 Snack
004 Tooth Paste 009 Soft Drink
004 Soap 009 Milk
004 Sausage 009 Bread
010 Snack
010 Soft Drink
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TID 001 : Snack,Soft Drink,Bread,Sausage

TID 002 : Snack,Soft Drink,Milk,Sausage

TID 003 : Snack,Soft Drink,Milk,Soap,Sausage
TID 004 : Tooth Brush,Tooth Paste,Soap,Sausage
TID 005 : Snack,Soft Drink,Bread,Sausage

TID 006 : Tooth Brush,Tooth Paste,Soap,Sausage
TID 007 : Snack,Soft Drink

TID 008 : Snack,Soft Drink,Sausage

TID 009 : Snack,Soft Drink,Milk,Bread

TID 010 : Snack,Soft Drink

= Y o A Y =& 4
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TID 002 : Snack,Soft Drink,Milk,Sausage

TID 003 : Snack,Soft Drink,Milk,Soap,Sausage
TID 005 : Snack,Soft Drink,Bread,Sausage
TID 007 : Snack,Soft Drink

TID 009 : Snack,Soft Drink,Milk,Bread
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1 : birth United_States = 116306 -> citizenship
Native Born_in_the_United States = 116306 conf : 1

2 - citizenship Native_Born_in_the United_States
United_States = 116306 conf : 1

3 : birth United States,edu_inst Not in_universe 108876 ->

citizenship Native Born_in_the_United States
4 : citizenship Native Born_in_the United_States,edu_inst
Not _in_universe = 108878 -> birth United States = 108876 conf
1
5 : birth United_States,salary -50000 = 108997 -> citizenship
Native Born_in_the United States = 108997 conf : 1
6 : citizenship Native_Born_in_the United_States,salary -50000 =
109000 -> birth United States = 108997 conf : 1

116309 -> birth

108876 conf : 1

7

Rl

Income

~ v k) Y z I 3 dJ Y
sUn 4.5 HEMINHANVTNNUTNAUNUIINUDYANVINA (100 Lﬂ@jl“ﬁu@) VOIYAvvYa Census



74

birth United States = 1169 -> citizenship
Native Born_in_the_United States = 1169 conf : 1
citizenship Native Born_in_the United_States = 1169 -> birth
United_States = 1169 conf : 1
birth United States = 1169 -> edu_inst Not_in_universe = 1105
conf : .95
citizenship Native Born_in_the United States = 1169 -> edu_inst
Not in_universe = 1105 conf : .95
birth United States = 1169 -> citizenship Native Born_in_
the _United_States, edu_inst Not_ in_universe = 1105 conf : .95
birth United States,citizenship
Native_Born_in_the United_States = 1169 -> edu_inst
Not _in_universe = 1105 conf - .95
birth United States,edu_inst Not_ in_universe = 1105 ->
1105 conf : 1
citizenship Native Born_in_the_United States,edu inst
Not_in_universe = 1105 -> birth United _States = 1105 conf : 1
birth United_States,salary -50000 = 1099 -> citizenship
Native Born_in_the_United States = 1099 conf : 1

citizenship Native_Born_in_the United_States,salary -50000 =
1099 -> birth United_States = 1099 conf : 1

citizenship Native Born_in_the_United_ States
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1 : birth United_States = 116306 -> citizenship
Native Born_in_the_United States = 116306 conf : 1

2 - citizenship Native_Born_in_the United_States = 116309 -> birth
United_States = 116306 conf : 1

3 : citizenship Native_Born_in_the United_States,salary -50000 =
109000 -> birth United_States = 108997 conf : 1

4 : birth United_States,salary -50000 = 108997 -> citizenship
Native Born_in_the United States = 108997 conf : 1

5 : citizenship Native Born_in_the United_States,edu inst
Not_in_universe = 108878 -> birth United_States = 108876 conf :
1

6 : birth United_States,edu_inst Not_in_universe = 108876 ->

108876 conf :- 1

citizenship Native Born_in_the_United_States
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1 : birth United_States = 1169 -> citizenship
Native Born_in_the_United States = 1169 conf : 1
1169 -> birth

2 - citizenship Native Born_in_the_United_States
United_States = 1169 conf : 1

1105 ->

1105 conf : 1

4 : citizenship Native Born_in_the_United States,edu_inst
Not_in_universe = 1105 -> birth United States = 1105 conf : 1

5 : birth United _States,salary -50000 = 1099 -> citizenship
Native Born_in_the_United States = 1099 conf : 1

6 : citizenship Native Born_in_the United_ States,salary -50000 =
1099 -> birth United_States = 1099 conf : 1

7 - birth United _States = 1169 -> edu_inst Not in_universe = 1105
conf : .95

8 : citizenship Native Born_in_the United States = 1169 ->

3 : birth United_States,edu_inst Not_in_universe

citizenship Native Born_in_the United_States

edu_inst Not_in_universe = 1105 conf : .95

9 - birth United_States = 1169 -> citizenship
Native Born_in_the United States,edu_inst Not in_universe =
1105 conf : .95

10 : birth United_States,citizenship
Native Born_in_the_United States = 1169 -> edu_inst
Not_in_universe = 1105 conf : .95
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HeadsTable (ENEUS_HEAD Tablelst Minimom suppert | 80.00
Head's key [TID Hisad's Colurn List Minimum Confidence | 9500
Ditail's Table CENSUS DET Table List Randomseed | 100.0d
Detalls key [T Detail's Column List
Ttem DESC_ITEM Trem's List Fnngen LS TimeUsage | 2743.05 secs
citizenship MNative_Borm_in_the_lUnited_States (116309) === birth United_States (116306) conf : 1 =]

birth Linited_ States (116306) === citizenship MNative_ Borm_in_the United States (116306) conf ;1

citizenship MNative_Born_in_the_lUnited_States,salary -50000 (109000) ==: birth United_States (108997) conf : 1

birth United_States, salary -50000 {(108997) == citizenship Mative_Borr_in_the_United_States (108997) conf : 1

citizenship Mative_Born_in_the_United_States edu_inst Not_in_universe (108878) === birth United_States (108376) conf @ 1
birth United_States edu_inst Not_In_universe (108876) === citizenship Mative_Born_in_the United States (108876 conf @ 1

Census Income Taol#11/sunsudusagy

Head's Table FENSUS,HEAD Table List Minimum Support ]W
Head's Key JTID—‘ Head's Colurnin List HMinimum Confidence IW
Ditail's Table CENSUS DET Table List Randomseed | 100.0d
Detalls key [T Detail's Column List
Ttem DESC_ITEM Ttem's List RIS Time Usage | Z743.05 Secs
citizenshin Mative_Born_in_the_Lnited_States (116309) == birth United_States (116306 conf : 1 =]

birth United_States (116306) === citizenship MNative_Born_in_the_nited_States (116306) conf : 1

citizenshin Mative Borm_in_the LnitedStates salary -50000 (108000) === hirth United_States (108997) conf ;1

birth United_States, salamy -50000 (108997) === citizenship MNative Borm_in_the United States (108997) conf : 1

citizenship Mative_Born_in_the_Lnited_States edu_inst MNot_in_universe (108878) ==: hirth United_States (108876) conf © 1
birth United_States edu_inst MNot_in_universe (108876) === citizenship Mative_Bormn_in_the_Uinited_States (108376) conf © 1
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30240 conf :

: class not_recom = 30240 -> health not_recom

: health not_recom = 30240 -> class not_recom
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PR Poyanarug Hoyagu
Foyadoya
(100%) 50% | 40% | 30% | 20% | 10% | 1%
Adult 1625 861 | 733 |[700 |42 |215 |51
Thyroid 1403 1253|750 |62 |456 [212 |53
Nursery 1761 1195 |850 | 604 |459 [229 |46
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1 : birth United_States = 116306 -> citizenship
Native Born_in_the_United States = 116306 conf : 1
116309 -> birth

2 - citizenship Native_Born_in_the United_States
United_States = 116306 conf : 1

3 : birth United States,edu_inst Not in_universe = 108876 ->

108876 conf : 1

4 : citizenship Native Born_in_the United_States,edu_inst
Not _in_universe = 108878 -> birth United _States = 108876 conf :
1

5 : birth United States,salary -50000 = 108997 -> citizenship
Native Born_in_the _United States = 108997 conf : 1

6 : Native Born_in_the_United States,salary -50000 = 109000 ->
birth United States = 108997 conf : 1

citizenship Native Born_in_the_United_ States
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birth United States = 117508 -> citizenship

Native Born_in_the United States = 117508 conf : 1

citizenship Native Born_in_the_United_States = 117511 -> birth
United_States = 117508 conf : 1

birth United States,salary -50000 = 110134 -> citizenship
Native Born_in_the United States = 110134 conf : 1

citizenship Native Born_in_the United_States,salary -50000 =
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birth United_States = 117508 -> citizenship

Native Born_in_the United States = 117508 conf : 1

citizenship Native Born_in_the_ United _States = 117511 -> birth
United_States = 117508 conf : 1

birth United States,salary -50000 = 110134 -> citizenship
Native Born_in_the United States = 110134 conf : 1

citizenship Native Born_in_the United_ States,salary -50000 =
110137 -> birth United_States = 110134 conf : 1
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birth United States = 58325 -> citizenship
Native Born_in_the_United States = 58325 conf : 1
58326 -> birth

citizenship Native Born_in_the_United_States
United_States = 58325 conf : 1
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citizenship Native Born_in_the_United_ States,edu inst
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Native Born_in_the_United States = 54645 conf : 1
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citizenship Native Born_in_the_United States
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birth United States = 58788 -> citizenship

Native Born_in_the United States = 58628 conf : 1

citizenship Native Born_in_the United States = 58790 -> birth
United_States = 58628 conf : 1

birth United States,edu_inst Not in_universe = 54853 ->
citizenship Native_Born_in_the United_States = 54836 conf : 1
citizenship Native Born_in_the United_States,edu inst
Not_in_universe = 54854 -> birth United States = 54836 conf : 1
birth United States,salary -50000 = 54929 -> citizenship
Native Born_in_the United States = 54911 conf : 1

citizenship Native_Born_in_the United_States,salary -50000 =
54931 -> birth United States = 54911 conf : 1
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birth United States = 58667 -> citizenship
Native Born_in_the_United States = 58667 conf : 1
58667 -> birth

citizenship Native_ Born_in_the_United_States
United_States = 58667 conf : 1

birth United States,edu_inst Not_in_universe = 54908 ->

54908 conf : 1
citizenship Native Born_in_the United_States,edu_inst

Not in_universe = 54908 -> birth United States = 54908 conf : 1
birth United States,salary -50000 = 54976 -> citizenship

Native Born_in_the United States = 54976 conf : 1

citizenship Native_Born_in_the United_States,salary -50000 =

54976 -> birth United_States = 54976 conf : 1

citizenship Native Born_in_the_United_States
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birth United States = 1145 -> citizenship
Native Born_in_the_United States = 1145 conf : 1

citizenship Native Born_in_the United_States = 1145 -> birth
United_States = 1145 conf : 1

birth United_States,salary -50000 = 1070 -> citizenship
Native Born_in_the United States = 1070 conf : 1

citizenship Native Born_in_the United_States,salary -50000 =
1070 -> birth United_States = 1070 conf : 1
birth United States,edu_inst Not_in_universe

1070 ->
citizenship Native Born_in_the_United_States = 1070 conf : 1
citizenship Native Born_in_the_United_States,edu_inst
Not_in_universe = 1070 -> birth United_States = 1070 conf : 1
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birth United _States = 1230 -> citizenship
Native Born_in_the United_States = 1220 conf : .99
1230 -> birth

citizenship Native_ Born_in_the_United_States
United_States = 1220 conf : .99

birth United States,edu_inst Not_in_universe 1138 ->
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citizenship Native Born_in_the United_States,edu_inst
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birth United _States,salary -50000 = 1134 -> citizenship

Native Born_in_the United States = 1127 conf : .99

citizenship Native Born_in_the United_States,salary -50000 =

1134 -> birth United_States = 1127 conf : .99
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o JAY Y

~ o ' cd a A g Y
zﬂ‘ﬂ 4.26 l!ﬁﬂ\‘lﬂaﬂ'ﬂllﬁﬂJWH‘ﬁﬂﬂuWUﬁnﬂﬂl@ﬂgﬁqnmuWﬂ 1 Lﬂﬂilcﬁuﬂ LL@%NﬂﬁLWM"U@HﬁHﬂ

TvazAdanesiusideiimslszuranavosadoya Census Income

birth United_States = 1167 -> citizenship
Native Born_in_the United States = 1167 conf : 1
1168 -> birth

citizenship Native Born_in_the United_States
United_States = 1167 conf : 1

birth United_States,edu_inst Not_in_universe = 1082 ->

1082 conf : 1
citizenship Native Born_in_the_United_States,edu_inst
Not_in_universe = 1083 -> birth United States = 1082 conf : 1
birth United_States,salary -50000 = 1095 -> citizenship
Native Born_in_the_United States = 1095 conf : 1

citizenship Native_Born_in_the United_States,salary -50000 =
1096 -> birth United States = 1095 conf : 1

citizenship Native Born_in_the_United_States

v I Y 9

4 o ' -4 Y { o
g‘ﬂﬁ 4.27 LLﬁﬂ\iﬂ@]ﬂ'ﬂﬂJ’dNWH‘ﬁﬂﬂuWUﬂ1ﬂ6U’E'JiJ“EI’q3J6Uu1ﬂ 1 Lﬂ@ﬁl%u@] ﬁ’JiJﬂ“]JGU’E'JiJﬁﬁTI'Iﬂ1§

u

Ay ¥
windn Tvosgadoya Census Income

k1)



88

a A A ) v o oA ] 03.:’ dy = ~ o
Wiﬂiﬂ!’lzﬂﬂ 4.20 Lag 4.21 liJ'fJu']ﬂ%]ﬂ'J'liJﬁﬂJWH‘ﬁﬂﬂ51ﬂ§]f)§ﬂuﬂ'IW‘Vl\‘]ﬁfJ\iuiﬂlﬂﬁﬁlULﬂElllﬂu
1 v o A 1 @ ' y o @
%zwmmammﬁuwuﬁﬁgﬂﬁquUﬂmuuauu LLﬁ$ﬂ'lﬂ'J’lill%f]iluslﬂ')’m“’iﬁfJUf]unﬂﬂi$ﬂ15
A < v Y, ) & 3 2 v o I
Luﬁ)\‘]ﬂ'lﬂ!ﬁl]UﬂW'ﬁﬂUﬂWﬂ{]ﬂ'}'liJﬁiJWUﬁﬁ]'lﬂﬂl’E)ll"ﬁﬂ\?'ﬁllﬂ (100 Lﬂ@ilcﬁu@) HAagNNANUAUNUDY
Y v W v o A 1 A A a A
ANVYNABINTINUNUNYANUFUUTNUTINgeg U 4.19 WeNasangin 4.23 uay 4.24

1 v o A 9y A @ 1 v I Y A [ Y
ZNUINNRANUANNUTNGDAUNVNATUUAYUUADA NN UANUDY mmmmﬂumiﬂumﬂg

v o J 9 (] 4 ) Yy =1 A I Y] [ QsJ‘
ANNFAUAUTIINUBYATUIUIA 50 Lﬂﬂil%uﬂﬂﬂmjﬂﬂgaﬂgﬂmﬂﬂm!,‘ﬂuﬁmmuﬁlmmazﬂﬂ
9 v A

1 @ I 1 v o A v o
’E)’]ﬁ]ﬁﬂ’)ﬁmllﬁﬂﬁ'l\‘]ﬂulaﬂﬁ@ﬂ LL?‘]ﬂ{,]ﬂ'J’]?Jﬁﬂqu‘ﬁﬁﬂﬂﬂuW‘]Jlelﬂ'J’]iJgjﬂigljﬂ\iﬁi\iﬂUﬂ‘Uﬂﬂ

U

v o Ia 1 A A A A 1A o
anuduiusnlsingeglugl 4.19 Wennsansdd 426 uaz 427 sgwunlimaivayu

1 A o [ o <3 9 A 3 Y v o J 9 1
LUAZAANUTDUULANA NNUIAN U DY !u’ﬂ\ﬁnﬂlﬂuﬂ'ﬁﬂu‘ﬂ’]ﬂgﬂ'ﬂmﬁﬂwu‘ﬁ%']ﬂsllﬂlluaqmelluﬁlﬂ

/2 Jo o & o a < 0 q Y A v v A
1 lﬂ@ﬁl“ﬁuﬂﬂquucﬁﬂmu']ﬂmaQ@'Jl!ﬂuil"’llu']ﬂ!aﬂll’]ﬂ@”lfﬂﬂ11ﬁuﬂ1§ﬂa1ﬂlﬂa@uqﬂ LRILUD

= 9

a v o oA v v v Jdo v o
Wﬁ]"Iﬁil!"lﬂ{i]ﬂ'ﬂllﬁll‘WLl‘ﬁﬁ@,ﬂ?%}L!W‘]Jﬁ]SW‘]J'J"Iﬂg]ﬂ'ﬂﬁJﬁiJWU‘ﬁENNﬂfﬂﬂJﬂﬂ@@ﬂ?‘li\iﬂuﬂﬂﬂa

U

anudwitusnsing lugdi 4.19
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= 30556 conf :

= 30556 -> health not_recom
= 30556 conf :

: class not_recom =
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a o o IAw D) o /2 @ v 9 Ao
717 4.30 uaaangaNuFNRUTNAUNUIINTOYATTINNA (100 tlosigud) Taufudeyaiin
v

mamiudn lvesgadoya Nursery
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: class not_recom = 298 -> health not_recom = 298 conf

: class not_recom = 298 -> health not_recom = 298 conf : 1
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Abstract : Strong association rules are association rules with high support and high
confidence. Association rule mining for discovering strong association rules requires a
very large dataset to assure high data support and high confidence. Time usage is an
important problem in association rule mining for strong rules, especially when mining
from large transactional data. We are interested in studying the technique to decrease
time usage in association rule from a very large dataset. We use random sampling
technique to mine strong association rules from a sampled transactional data with the
constraint that the discovered rules have to be identical to these discovered from the
original large transactions.

Introduction : Strong association rule is a rule with high data support and high con-
fidence (or accuracy). For example, discovering association rule from a conveniencet
store’s transactional data in a previous month. The discovered strong association rule
is

“a customer who buys bread also buys jam”
(data support = 80 percents, confidence = 100 percents)

The rule is reliable and can be applieds to support decision making on product
pricing, promotion, store layout and so on.
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Methodology : We perform strong association rule mining from transactional data
using the Apriori algorithm implemented in SQL statements [1, 2]. In our experiment,
we use Oracle 10g database, tested on Pentium IV 1.4 GHz with RAM 768 MB
machine. The data sets used in our experiment are synthetic data (Conveniencet store)
and data taken from the UCI Repository (http://www.ics.uci.edu/~mlearn/MLReposi
tory.html), (Census Income, Mushroom and Soybean). The number of instances in all
four data sets are not less than 60,000 instances. We test with the Apriori algorithm by
assigning minimum support as 80% and minimum confidence as 95%. The tests are
performed on the whole data sets and on sample data with sampling proportions 1%,
10%, 20%, 30%, 40% and 50% (sampling algorithm is shown in Figurel). Mined
association rules, as well as mining time, have been compared among different sample
proportions of the data against the result obtained from the original data.

open h_dummy for v_sl _head;
loop
fetch h_dummy into v_head_col;
exit when h_dummy%notfound;
ifT dbms_random.value (0, 100)<= p_pc_rand then
begin
insert into tran_temp (tid)
values (v_head _col);
end;
v_tot_tran := v_tot_tran + 1;
end if;
end loop;

Figure 1 Sampling from transaction

Results : In our experiment, we compared the association rules discovered from the
original data with the rules discovered from the sampled data of various sizes. The
rules compared have to be perfectly matched. The results in Table 1 confirm that all
sample data sets can produce the same association rules as the original data set. Table
2 shows the running time for discovering the association rule. When we decrease the
sample size, the discovery time will be significantly decreased.

Table 1 Association rule mining from the whole population compared against
rule mining from sample data. Number appeared in each cell is the
number of discovered rules.

Original Sampling proportion
Data Set data | 50% | 40% | 30% | 20% | 10% | 1%
Conveniencet store | 2 2 2 2 2 2 2
Census Income 6 6 6 6 6 6 6
Mushroom 32 32 32 32 32 32 32
Soybean 10 10 10 10 7 7 10
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Table 2 Mining time (seconds) of each data set.

Original Sampling proportion
Data Set data | 50% | 40% | 30% | 20% | 10% | 1%
Conveniencet store | 337 165 135 101 66 37 4
Census Income 2343 1492 | 1331 1050 | 838 503 76
Mushroom 1528 977 902 758 555 358 22
Soybean 3932 2890 | 2507 | 2178 | 1623 | 978 128

Conclusion : The objective of our study is to investigate the property of strong
association rules. We define strong association rules as a set of rules discovered from a
large amount of transactional data with frequent items co-occuring not less than 80
percent of the time and the rule’s accuracy has to be at least 95 percent correct. With
such definition of association rules, we have found that a 1% random sample of the
data can yield exactly the same set of strong rules as those obtained from the large
original transaction data set. By means of sampling, we can save as much as 90% of
association mining time.
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CREATE OR REPLACE PROCEDURE apriori (p_hcol varchar2,
p_htab wvarchar2,
p_dslcol varchar2,
p_dtab varchar2,
p_dkcol varchar2,

p _min sup number,
p_min_conf number,
p_pc rand number) IS

type c_refcur is ref cursor;

cursor tran (p_stream status varchar2) is
select t.tid, rowtocol (p _dslcol, p dtab, p_ dkcol,
t.tid, p stream status) tran item,
t.stream status
from tran temp t
where stream status = p stream status
order by t.tid;

v_tot_ tran number (10) = 0; -- total of transaction
v_tran item varchar2 (4000) ;
v_can_seq number (10) = 1;
v_status varchar2 (10) := 'TRUE';
v_freq seqg varchar2 (50) ;
v_rand_status varchar2 (1) = 'Y';
v_stream status varchar2 (1) := 'N'; -- stream and cnt
v_cnt stream number ; -- store count in stream's
detail
v_stream fitem varchar2(4000) ; -- store first item in stream's
detail
v_sl head varchar2 (4000) := 'select '||p_hcol]]
' from '||p htab;
v_sl det varchar2(4000) := 'select d.'[|p_dslcol
' from tran temp t, '||p_dtab]|
' d where d.'||p dkcol]| |
' = t.tid and stream status =
VIN' Y
v_head col varchar2(4000); -- for store head's key
v_det item varchar2(4000); -- for store dets key use in
first candidate
h dummy c_refcur; -- for select head
d_dummy c refcur; -- select detail use in first candidate
v_start date := sysdate;
v_assoc date;
v_rand date;
v_gen date;
v_end date;
BEGIN

delete from tran temp;
delete from can_set;
delete from freqg set;
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delete from assoc_rule;
commit;

/** random transaction **/

begin

if p pc rand != 100 then
v_rand_status := 'Y';

else
v_rand_status := 'N';

end if;

begin
update mining control
set mining status = 'Y',

random_status = v_rand_status;
if sgl%notfound then
begin
insert into mining control (mining status,
random_status)
values ('Y', v_rand status);
end;
end if;
end;
commit;

open h dummy for v_sl head;
loop
fetch h dummy into v_head col;
exit when h dummy%notfound;
if dbms_random.value (0, 100) <= p pc_rand then
begin
insert into tran temp (tid, stream status)
values (v_head col, 'N');
exception when dup val on index then null;
end;
v_tot tran := v_tot tran + 1; -- count all transaction
end if;
end loop;
close h_dummy;
commit;
exception when others then dbms output.put line (sglerrm);
-- print err message
if h dummy%isopen then
close h_dummy;
end if;
end;

v_rand := sysdate;

-- read from transaction

v_stream status := 'N'; -- set for read from transaction
while v_status = 'TRUE' loop
if v_can _seq != 1 then

for t in tran (v_stream status) loop
item.find candidate (v _can seq, v_status, t.tran item,
p_min sup) ;

end loop; -- end tran loop
else
begin
open d dummy for v_sl det;
loop

fetch d_dummy into v_det_ item;

exit when d_dummy%notfound;

item.gen candidate (v_can seq, v_det item);
-- generate first candidate
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end loop; -- for generate first candidate
close d_dummy;
exception when others then dbms output.put line (sglerrm);
-- print err message
if d dummy%isopen then
close d_dummy;
end if;
end;
end if; -- end chk candidate sequence
-- generate frequence item set
item.gen frequence (v_can seq, v_tot tran, p min sup);

v_can _seq := v_can_seq + 1; -- plus candidate sequence
commit;
end loop; -- end v_status loop

-- read from stream

v_stream status := 'Y'; -- set for read from stream
for t in tran (v_stream status) loop
v_status := 'TRUE'; -- reset status
V_can_seq = 1; -- reset sequence
v_cnt_stream := to_number (substr(t.tran_item,
instr(t.tran item, '@')+1));
while v_status = 'TRUE' loop
if v_can_seq != 1 then

item.stream candidate (v_can seq, Vv_status,
t.tran item, p min sup);

else
for i in 1..to number (substr(t.tran item,
instr(t.tran item, '@')+1l)) loop
v_stream fitem := item.find chk pos (i,
t.tran item); -- find single item
item.gen candidate (v_can seq, v_stream fitem);
-- generate first stream candidate
item.stream frequence (v_can_ seq,
v_stream fitem);
end loop;
end if;
v_can _seq := v_can seq + 1; -- plus candidate sequence
commit;
end loop;
end loop;
v_gen := sysdate;
begin
update mining control
set mining status = 'N',
random_status = 'N';
end;
commit;

/** generate association rules **/

rule.gen rules (p_min conf) ;

/** clear candidate-frequence **/
v_end := sysdate;

begin

select freq_ seg

into v_freq seq

from freq set

where rownum = 1;

exception when no data found then

dbms_output.put line ('No Association rule');
end;

dbms_output.put line ('start at : '||
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to_char(v_start, 'dd/mm/rrrr hh24:mi:ss') ||

' end at :

to_char (v_rand, 'dd/mm/rrrr hh24:mi:ss') ||

' time usage for sampling : '||

trunc (((v_rand-v_start)*100000), 2)||' secs');

dbms output.put line ('start at : '||
to char (v _start, 'dd/mm/rrrr hh24:mi:ss') ||
' end at : '||

to_char(v_gen, 'dd/mm/rrrr hh24:mi:ss') ||

' time usage for gen item : '|

trunc (((v_gen-v_rand)*100000), 2)||' secs');
dbms_output.put line ('start at : '||

to char(v_start, 'dd/mm/rrrr hh24:mi:ss') ||

' end at : '||

to char (v _end, 'dd/mm/rrrr hh24:mi:ss') ||
' time usage for assoc : |
trunc (((v_end-v_rand)*100000), 2)||' secs');

dbms_output.put line ('start at : '|
to char(v_start, 'dd/mm/rrrr hh24:mi:ss') ||
' end at : '||
to_char (v_end, 'dd/mm/rrrr hh24:mi:ss') ||
' time usage : '||
trunc (((v_end-v_start)*100000), 2)||' secs');

END apriori;
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CREATE OR REPLACE FUNCTION rowtocol (p sel col in varchar2,
p_table in varchar2,
p_key col in varchar2,
p_con col in varchar2,
p_cnt status in varchar2
default 'N',
p_dlmtr in varchar2 default ',')
RETURN VARCHAR2 AUTHID CURRENT_ USER IS

TYPE c_refcur IS REF CURSOR;

p_slct VARCHAR2 (4000):= 'select '||p sel col||' item from
"| |p_table||"' where '||p key col]|
"= "''||p con col||''" order by item';

lc_str VARCHAR2(4000) ;
lc_colval VARCHAR2 (4000) ;
¢_dummy c_refcur;

v_cnt number := 0;

1 number;

BEGIN
-- open c_dummy for
OPEN c_dummy FOR p slct;
LOOP
FETCH c¢_dummy INTO lc_colval;
EXIT WHEN c_dummy3%NOTFOUND;
lc str := lc_str || p_dlmtr || lc_colval;
v_cnt = v_cnt + 1;
END LOOP;
CLOSE c_dummy ;
if p _cnt status = 'Y' then
RETURN SUBSTR(lc str,2)||'@'|]|to char(v_cnt);
else
RETURN SUBSTR (lc_str,?2) ;
end if;
EXCEPTION
WHEN OTHERS THEN
lc_str := SQLERRM;
IF c_dummy%ISOPEN THEN
CLOSE c_dummy ;
END IF;
RETURN lc_str;
END;
/
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CREATE OR REPLACE PACKAGE item IS
FUNCTION chk match (p status varchar2, p chk item varchar2,
p_tran item varchar2) return varchar2 IS
FUNCTION find chk pos (p_seq number, p set varchar2) return
varchar?2;
PROCEDURE find candidate (p_can seqg in out number,
p_status in out varchar2,
p_tran item varchar2, p min sup number) ;
PROCEDURE find candidate (p_can seq in out number,
p_status in out varchar2,
p_tran item varchar2, p min sup number) ;
PROCEDURE gen candidate (p_can seq number, p_item set varchar2) ;
PROCEDURE gen_ frequence (p freq seqg number, p_ tot rec number,
p_min sup number) ;
PROCEDURE stream candidate (p _can seq in out number,
p_status in out varchar2,
p_tran item varchar2,
p_min_sup number) ;
PROCEDURE stream frequence ( p can seq in out number,
p_item set varchar2);
END;
/

CREATE OR REPLACE PACKAGE BODY item IS
FUNCTION chk match (p_status varchar2, p_ chk item varchar2,

p_tran item varchar2) return varchar2 IS
/* for chk item set are in transaction */

BEGIN
if instr(p_tran item, p_chk item) > 0 and p status = 'TRUE' then
return 'TRUE';
else
return 'FALSE';
end if;

END chk_match;

FUNCTION find chk pos (p_seq number, p set varchar2) return
varchar2 IS

/* find item for chk in transaction */
v_last number (10);
v_first number(10);

BEGIN
if p seq = 1 then
v_first := 1;
v_last := instr(p_set, ',', 1, p_seq)-1;
else
v_first := instr(p_set, ',', 1, p_seqg-1) + 1;
if instr(p_set, ',', 1, p_seq) > 0 then
v_last := (instr(p set, ',', 1, p_seq) -
instr(p set, ',', 1, p seq - 1))-1;
else
v_last := length(p set) - instr(p_set, ',', -1, 1);
end if;
end if;

return substr(p_set, v_first, v _last);
END find chk pos;
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PROCEDURE find candidate (p can seq in out number,
p_status in out varchar2,
p_tran item varchar2, p min_ sup number) IS

cursor set_1 is
select item set, substr(item set, (instr(item set,
o', -1, 1)+1)) 1 set
from freq set
where freq seq = 'F'|| (p_can seg-1)
order by 1 set;

cursor set r (p_ lset varchar2) is
select item set r_ set
from freq set
where freq seqg = 'F1'
and p_lset < item set
order by r_ set;

v_chk varchar2 (4000) ;

v_status varchar2 (10) ;

v_tmp varchar2 (32767) ;
BEGIN

p_status := 'FALSE';

for 1 in set 1 loop
for r in set r (1.1 set) loop

v_status := 'TRUE'; -- initial v_status for chk member
for i in 1.. p_can seq loop -- for chk member of set
v_chk := item.find chk pos (i, l.item set]|',']]|
r.r_set);
v_status := item.chk match (v_status, v_chk,
p_tran item);
p_status := 'TRUE';
end loop; -- end loop chk member
if v_status = 'TRUE' then -- chk item set match with

transaction

-- update support in candidate
item.gen candidate (p_can seqg, l.item set]||',']|]

r.r set);
end if; -- end if chk status
end loop;
end loop;
-- commit;

END find candidate;

PROCEDURE gen candidate (p_can seq number, p item set varchar2) IS
BEGIN
update can_set
set sup_cnt = nvl(sup_cnt, 0)+1
where item set = p item set;
if sgl%notfound then
begin
insert into can_set
values ('C'||p can seq, p item set, 1);
end;
end if;
END gen candidate;

PROCEDURE gen frequence (p_freqg seq number, p tot rec number,
p_min sup number) IS

BEGIN
begin
insert into freq set
select 'F'||to_char(p freq seqg), item set, sup_ cnt



from can_set

where can seq = 'C'||to char(p freq seq)
and (sup_cnt*100) /p_tot _rec >= p min sup;
end;

END gen_ frequence;

PROCEDURE stream candidate (p can seq in out number,
p_status in out varchar2,
p_tran item varchar2,
p_min sup number) IS

cursor s_cand is
select item set
from freqg set

where freq seq = 'F'||(p_can_seq);
v_chk varchar2 (4000) ;
v_status varchar2 (10) ;
v_tmp varchar2 (32767) ;
BEGIN
p_status := 'FALSE';
for s in s _cand loop
v_status := 'TRUE'; -- initial v _status for chk member
for 1 in 1.. p_can_seq loop -- for chk member of set
v_chk = item.find chk pos (i, s.item set);
v_status := item.chk match (v_status, v_chk,
p_tran item);
p_status := 'TRUE';
end loop; -- end loop chk member
if v_status = 'TRUE' then -- chk item set match with
transaction
-- update support in candidate
item.gen candidate (p_can seq, s.item set);
item.stream frequence (p can seq, s.item set);
end if; -- end if chk status
end loop;
-- commit;

END stream candidate;

PROCEDURE stream frequence (p can seq in out number,
p_item set varchar2) IS

BEGIN
begin
update freq set
set sup_cnt = nvl(sup_cnt, 0)+1

where item set = p item set;
if sgl%notfound then
begin
insert into freqg set
values ('F'||p can seq, p item set, 1);
end;
end if;
end;
commit;
END stream frequence;
END item;
/

114



115



116

(] d' F % v v d
4. gmmn%‘n“lﬂi’flumsaﬁnngmmauwuﬁ

CREATE OR REPLACE PACKAGE rule AS
FUNCTION find chk pos (p_seq number, p set varchar2,
p_status in out varchar2) return varchar2;
FUNCTION find sup cnt (p_item varchar2) return number;
PROCEDURE gen_ sub rule (p_start number, p freq seq number,
p_set varchar2, p front varchar2,
p_back varchar2, p min conf number,
p_status in out varchar2,
p_rule seq in out number) ;

PROCEDURE gen_ rules (p_min conf number) ;

PROCEDURE ins rules (p_ iset wvarchar2, p rule seq in out number,
p_rule if varchar2, p_rule then varchar2,
p_min conf number) ;

END;
/

CREATE OR REPLACE PACKAGE BODY rule AS
FUNCTION find chk pos (p_seq number, p set varchar2,
p_status in out varchar2) return varchar2 IS

v_fpos number (10) := 0;
v_bpos number (10) := 0;
BEGIN

if p seg = 1 then
v_fpos := 1;

else
v_fpos := instr(p_set, ',', 1, p_seq - 1) + 1;

end if;

if instr(p_set, ',', 1, p_seq) > 0 then
v_bpos = instr(p set, ',', 1, p _seq) - v_fpos;
p_status := 'TRUE';

else
v_bpos := length (p set) - instr(p set, ',', 1, p_seq);
p_status := 'FALSE';

end if;

return substr(p_set, v_fpos, v_bpos) ;
return null;

END find chk pos;

FUNCTION find sup_cnt (p_item varchar2) return number IS
v_cnt number (10) ;
BEGIN
select sup cnt
into v_cnt
from can_set
where item set = p item;
return v_cnt;
exception when no data found then return 1;
END find sup_cnt;

PROCEDURE gen sub rule (p start number, p freq seq number,
p_set varchar2, p front varchar2,
p_back varchar2, p min conf number,
p_status in out wvarchar2,
p_rule_seq in out number) IS

v_status varchar2(5) := 'TRUE';
v_front varchar2(4000) ;



v_back
v_fent
v_icnt
v_conf
BEGIN
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varchar2 (4000) := '*';

number (10) ; -- front set's sup cnt
number (10) ; -- item set's sup_cnt
number (10, 2) ;

for j in (p_start + 1) .. (p_freqg seq) loop
if p start > p freqg seqg then
exit;

end
if j

if;
> (p_start + 1) then

rule.gen sub rule (j-1, p freq seq, p set, v_front,

end

v_back, p min conf, p_status,
p_rule seq);
if;

v_front := rule.find chk pos (j, p_set, v _status);

if v_front != replace(p back, ','||v_front) then
if v_status = 'TRUE' then

v_back := replace(p back, v_front]||',');

else

v_back := replace(p back, ','||v_front);

end if;
else
exit;

end

if;

v_front := p front||','||v_£front;
v_fent := rule.find sup cnt(v_front);
v_icnt := rule.find sup cnt(p_set);
v_conf := round(v_icnt/v _fent, 2);

-- display set and confidence

rule.ins rules (p_set, p rule seq, v_front, v back,

(p_min conf/100)) ;

end loop;
END gen_sub rule;

PROCEDURE
cursor f

gen rules (p_min conf number) IS

req is select freq seq, item set, sup cnt
from freq set
where freq seqg > 'F1'
order by freq seq;

v_front varchar2 (4000) ;
v_back varchar2 (4000) ;
v_status varchar2 (10) := 'TRUE';
v_icnt number (10) ; -- item set's sup_cnt
v_fent number (10) ; -- front set's sup cnt
v_conf number (10, 2) ;
v_freqg seqg number (10) := 0;
v_rule seq number (10) := 0;
BEGIN
for £ in freqg loop
v_freq seq := to number (replace(f.freq seq, 'F', ''));
for i in 1..v_freq seqg loop
v_front := rule.find chk pos (i, f.item set, v_status);
if v_status = 'TRUE' then
v_back := replace(f.item set, v _front]||',');
else
v_back := replace(f.item set, ','||v_front);
end if;

rule.ins rules (f.item set, v _rule seq, v _front, v back,
(p_min conf/100)) ;
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rule.gen sub rule (i, v_freq_ seq, f. item set, v_front,
v_back, p min conf, v_status,
v_rule seq) ;
end loop;
end loop;
END gen_rules;

PROCEDURE ins rules (p_ iset wvarchar2, p rule seq in out number,
p_rule if varchar2, p_rule then varchar2,
p _min conf number) IS

v_if cnt number := 0;
v_cnt number := 0;
v_conf number := 0;
BEGIN
v_if cnt := rule.find sup_cnt(p_rule if);
v_cnt = rule.find sup cnt(p_ iset);
v_conf = round(nvl(v_cnt, 0)/nvl(v_if cnt, 0), 2);

if v_conf >= nvl(p min conf, 0) then

p_rule seq := nvl(p rule seq, 0) + 1;
dbms_output.put_line (p rule seqg||' : '||p_rule 1f||
- ' [Tto char(v_ 1f cnt) | T N
p_rule then |' = '|Tto_char (v cnt)||
""conf : '||to_char (v_conf));
begin

insert into assoc_rule (rule conf, rule if cnt, rule cnt,
rule if, rule then)
values (v_conf, v_if cnt, v_cnt, p rule if, p rule then);
end;
commit;
end if;
END ins rules;
END;
/
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CREATE OR REPLACE TRIGGER TABLE AFT INS ROW
AFTER INSERT

ON USER.TABLE NAME

REFERENCING NEW AS NEW OLD AS OLD

FOR EACH ROW

declare
v_rand number := 0;
v_tent number := 0;
v_tid varchar2 (20) := null;
v_newtid varchar2(20) := :new.tid;
v_rand_status varchar2 (1) := 'Y';
v_mining status varchar2 (1) 'Y';
BEGIN
/** check random status **/
begin

select mining status, random status
into v_mining status, v_rand status
from mining control;

exception when no data found then v_rand status := null;
v_mining status := null;
end;
if v_mining status = 'Y' then
if v_rand status = 'Y' then
begin

select dbms_ random.value (0, 100)
into v_rand
from dual;

end;

if v_rand > 50 then
begin
insert into tran temp (tid, stream status)
values (v_newtid, 'Y');
end;

begin
select dbms_ random.value (0, 100)
into v_rand
from dual;

end;

if v_rand > 50 then
begin
select count (tid)
into v_tent
from tran temp;

exception when no data found then v_tcnt := 0;
end;
begin

select tid

into v_tid

from (select rownum rnum, tid

from tran_ temp)
where rnum = round(dbms_ random.value(l, (v_tcnt-1)))
and rownum = 1;
exception when no data found then v_tid
end;

null;

/** find tid from tran temp for delete **/
begin



delete tran temp
where tid = v tid;

exception when no data_ found then null;

end;
end if;
end if;
elsif v_rand status = 'N' then
begin
insert into tran temp (tid, stream status)
values (v_newtid, 'Y');
end;
end if;
end if;
END;

/
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sass 1011 Tunifu13n “D:\jeab\@thesis\prog” audae laniludrsulysunsune lnld

c?/l : o J @ ]
Hwana  fimx ﬂWﬂuul%}uﬁﬁ\nﬁiﬂ !Léh“l’l']ﬂWi'i%u ALy IIUY (Username) HAZITHANIU

= o d‘

(Password) Yoag uTyaNIziimsFousoie Idnuawaaslugli a.3

ifruné0. EXE Properties

General | Shortout i.Enmpatibility

ifrunB0.EXE

T arget bype; Application

Target location: BIM

Target: [E_XE "D:"\iea-l-:n'\@thesis*\pmg"\sass.fm:-c Scutt.-’tiger'fl

Start in: | ChorantsBIM |

Shartcut ke | Hane |

Bur: | Mormal window |

Comment: i |

l Find Target. .. ] [ LChange lcan... ] [ Advanced. .

Ok H Cancel l[ Apply
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Head's Table
Head's Key
Details Table
Detail's Key
Ttem

Table List

Head's Column List

Table List

Details Column List

Trems List

Minimum Support
Minimum Confidence

Random Seed

30,00
95.00
1.00

g
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511 .4 Tdsunswu SASS hganznsouiam

w30 laamananijy

. A 19 9 A A 3 A 1 9 [ A
Table List N0gAIUI1UWDY31050UDIA15 WHIMuaNNog Iugmuvoya audadlugli a.s

Head's Table

Head's Key
Details Table
Details Key
Ttem

| Tabe it

Heard's Column List

Table List

-i‘flir\imum-ﬁuﬁpari.'_
Minirm Confidence

Random Seed

80,00
95,00

.00

Sind etiss %

able Hame

IEENSLIS_HEAD
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w3o Iagnsnanijy
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Head’s Column List NogA1udnaiiogs1e¥ouesnoday

19
g9
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Head's Tabla ?ENSUS_HEAD Table List Minimum Support: 80,00
Head's Key J | Head's Column List Minimum Confidence 95.00
Detail's Table Table List Random Seed 1.00
Detail's Key Detail's Column Column List @
Ttem Tter's List J Timellkge s
ind [T
-
Eu\umn Hame ‘J u—]
Find Ok l Cancel ]

519

u

an ad A g o 1 4
.6 ’mmﬁzuﬂﬂﬂmm15N1/1nJu‘ﬂﬂumwu“lumummmamm

o { o o 1
1.7 ‘mm‘iizuﬁﬁwﬁuﬁmi11!1%?]%1!11!?(’3146116&518%135Elﬂ

n3o lagnisnanify
. { 1y 9 4 4 2 ! . o o '
Table List Nogaudruiogiresevosnsnnanuaniodlugmdoya awaaslugili a7



127

Heads Table [CENSUS_HEAD Table List Mirimum Support 0,00
Head's key [TID Head's Colurn List Minimum Canfidence | 95,00
Detail's Table | 7ablevst Randam Seed oo
Detal's Key Detaifs Column |
Ttem Trem's List = FeNSUS_-% Time Usage Secs
able Hame ;I
M | - | :
IZENSLS_HEAD =
Find Ok I Cancel |
i<l
A an A g o ' a
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Head's Table

Head's 'Kéy'
Detail's Table
Detals Key

Item

CENSUS_HEAD Table List
o Head's Column List
KCENSUS_DET Table List

Detail's Colurn

Trem's List |

Mirimum Suppart
Mirimum Confidence
Randam Seed

80,00
95.00

1.00

Time Usage Sees
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Head's Table FENSUS,HEAD Table List Wi Support 1 80.00
Head'skey [TID Head's Column List Minimurn Confidence 1 95,00
Detail's Table [CENSUS_DET Table List Random Seed 1,00
. o i i —
Detail's Key Detail's Colurnn Column.List &J
Item Ttem's List _I T loane Sace
ind l%
[Calurn Mame —J
E%m_j

EEQ

Find Canicel
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Head's Table [CERSUS_HEAD

Table List

Head's Key JTID

Head's Column List

Detail's Table FENSLS_DET Table List
Detal's Key 110 Detail's Colurnn List

Trem PESCJTEM

Trem's Lisk

Minimum Suppart 80,00
Minimum Confidence 95.00
Random Seed ,7100

AuminaA i fuius

citizenship Mative_Borm_in_the_United_States (1132) === birth United_States (1132) conf ; 1
birth United_ States (1132) === citizership Mative_Borm_in_the United States (1132) conf © 1
birthy United_States,edu_inst Mot_in_universe (10707 === citizenship MNative_Porm_in_the_United_States (10700 conf @ 1
citizenship MNative_Born_in_the_United_States edu_inst MNat_in_universe (1070) == birth United_States (1070) conf @ 1
birth United_States salary -50000 (1062) === citizenship MNative_Born_in_the_lnited_States (1062) conf ; 1

citizenship Mative_Borm_in_the United_States,salary -50000 (1062) === birth lnited States [1062) conf @ 1

birth United_States (1132) === citizenship Mative Born_in_the United_States edu_inst Not_in_universe (10700 conf .95
birth Linited_States, citizenship MNative_Born_in_the_United_States (1132) === edu_inst Not_In_universe (1070) conf @ .95
citizenship Mative_Borm_in_the_lUnited_States (1132) ==> edu_inst Mot_in_universe (1070) conf ; .95

citizenship MNative_Born_in_the_United_States (1132) == birth United_States,edu_inst MNot_in_universe (1070) conf ; 95
birth United_States (1132) ==2 edu_inst Not_in_universe (1070) conf ;.95

Time Usage 42.82 Sers

= Y v o
717 A.10 mamsAuMANUFUIUTVDa 1151031 SASS

2. Mm3lNsunsu SASS Taamasanlvllsunsnlagnss
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H 4
Tolsunsu sAss WuTsunsuiianniulugduouvesnisn sQL madonTllsunsy

9
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T¥5Uunuvesvesalas Insdwes lumsisonldlisunsu SAss Tasassanunianlaasil

2.1 TiimsalaTilsunsy SQL Plus #1

9

A 9 o v
N11% SQL Plus 1395%1 8.0

217
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A3 DN Oracle Aanaaslugdi a1 Tu



+ J'p ) | Administr

i

48 Internet
Initermet Explorer

®

E-mail
Cutlook Express

Mokepad
windows Media Play:
Microsoft Office Wor|

Aleohol 120%,

Microsoft Office Pow
2003

Hero Express

RLpEOE ©

All Programs

* windows Catalog
 windows Update
) Software Installer
@ Ulradit-32

1) Accessories

Games

15 Startup

1) Mero

& Internet Explorer

wh msn

1) Outlook Express

. Remate Assistance
(&) windows Media Player
B windows Messenger
W, wirindons Mavie Maker
1) Access IBM

1) Intel Metwork Adspters
IE0) Metwaiting

1) Soundmax

I Thinkvantage

I A Registration

1) Computer Associates ERpin 4.0
1) Ultredit

IE0) Flashaet

1) Microsoft Office

1) Metwark Assaciates
IE) PrirkMe Inkernet Printing

| [l Adobe Reader 6.0

1) Alcohol 120%
7 Snaalt &

@ Set Program Access and Defaults

1) Acronis
I Oracle - OraDb10g_homet
1) Quest Software

I CyberLink PowernD

) Easy Mosaic Home Edition
fiE o 0

1) orade Farms 6i
IE) Orace Forms & Admin

1) Orace Forms & Reports 61

I Oracle Forms & Reports 6 Doc
I EitComet

17T M Winks Flus

B MSH Messenger 7.5

@ Oracle Home Seleckar

& Cracle Installer

25 Oracle Netd Assistant

¥ Oracle Metd Easy Config

@ oracle SQL Plus 8,0 Readme

5U7 a.11 madlaTalsunsn SQL Plus 8.0

22 wawnlisunsy SQL Plus 8.0 gnisonlFnuvzuaaslugilii a.12

~
User Name: I
Pazsswonl: Ei
FHust String: -
e ] e |
e
< s

51 .12 18l T1/s1nT1 SQL Plus 8.0 giTen ey
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Y o J IR Y] ' 4 v
2.3 °lm/nm§i$1q|gmcvaimu uazswﬁmummgm%gaﬂ Z‘I/HﬂﬁLGBE]ilGlE]Lﬁ’E)Gl“K\ﬂu

aqanalugili a3

User Name:

Passwonl:

Husst Strinng:

——

1 913 seygawesuN uazsHarHIuveIgIUToYA

U

24 wiawmniszygawesiuy  uagsWaruvesgudeyandn

aqy

Y

Wousonugudeyauaznsouldauawanlugii a.14

4

1

=
N

+ Oracle SOL*Plus

Tasunsuazsinnms

Fin £dt Search Opilors  Help

[SOL=Flus: Release B.0.6.0.0 - Production on Sun Apr 16 16:38:50 2008
(e} Copyright 1999 Oracle Corporation. All rights reserved.
Connected to:

Uracle Patabase 10 Enterprise Edition Release 10.2.0.1.0 - Froduction
wich the Fartitioning, OLAP and Data Mining options

SOL>

a.14 Tusunswimsienaenugiudoya uaziinganiuznionldan
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2.5 msisonldau Sass wwdessonldlugiunudsiuanslugdi a.15 wazwams

Y v o A
Aurminganuduiusuaaslugli a.le

3

1

=
N

SOL=Flus: Release B.0.6.0.0 - Production on Sun Apr 16 16:41:04 2006
(c) Copyright 1999 Oracle Corporation. @ll rights reserved.
Connected to:

Uracle Database 10g Enterprise Edition Release 10.2.0.7.8 - Production
wich the Fartitioning, OLAP and Data Mining options

SOL> set serveroutput on

501> Tin v 208

SUL> begin
2 apriori ("tid", ‘census_head’, ‘desc_item', ‘census_det', “tid’, 8@, 95, 1):
4 end;
LI

Ui .15 m3senldTalsunsu SASS

Orache SQL*Plus
Fio £t Search Cpekes Hep
SUL=Plus: Release B.B.6.0.8 - Production on Sun Apr 16 T6:41:04 2006

(e} Bopyright 19UV Dracle Corporation. ALL rights reseruved.

iConnected to:
Oracle Database 10y Enterprise Edition Release 10.2.0.1.8 - Production
With the Partitioning, ULAF and Bata Hining options

> seruernntput an
(50L> set linesize 208
E0L: begin
2 apriori ("tid", ‘census_head", 'desc_item', "census_det', "tid", ®®, ¥s, 1);
3 end;

Itenset = 1 status TRUC
Thenset = 2 <latus TRUE
Candidate ltemset = 3 status THUE
Candidale Ilensel = 4 stalus TRUC
Candidate Itenset = % ctatus THUE

(1 : birth United_States = 1147 -» citizenship Hative_Born_in_the_United_States = 1147 conf = 1

2 : pitizenship Halive Born in the United States = 1147 <3 birth United States = 1147 conf : 1

3 : birth United_States,edu_inst Hot_in_unlverse = 1080 -> cltizenship Hative Born_in_the_United_Sta
b @ citizenship Halive_Born_in_the Uniled_States.edu_inst Hob_in_universe = 1080 -3 birth Uniled_Sta
5 : birth United States,salary -50W0E - 1085/ -» citizenship Hative Born_in _the United States = 10s7
6 : citizenship Mative_Born_in_the_Unlted_States.salary 50000 = 1057 -» birth Unlted_States = 1057
R R LY YT 6 end At @ TASBL/PH0E TH:NAIIN Line usage Eor sanpling 62 seon
start at : 16/00/2006 1 end at

A6/ 0/2006 16:40:49 time usage for gen dten : #5.10 secs
1A/ DL/2006 16:43: Eime  For ans : WS, -
TOSWSZU0 162080 tine usage © AY.T6 secs

sbart ab : 16/B4/2004 16243 : 08 eod at
Start at o 16/8/2000 1624306 end at

FL/SOL procedure successFully conpleted.
> |
<

v v o = 9
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