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Abstract. Find all association rules is a basic work in data mining. This problem is solved in
two main steps: First, find all the frequent itemsets follow the given SO threshold. Second, based
on frequent itemset, find the association rules. All difficulties on the problem are focused on Step
1. Researches about association rules exploitation centralize processing speed improvement, memory
capacity and the number of time access the hard disk. In this article, we propound the solution for
the upper problem by divided data into n classes. Each of class is archived in one file on the external
storage independently and offers the SPP_Mining algorithm to exploit the frequent itemset with SO
threshold and to parallel processing on n computers.

Tém tit. Tim céc luit két hop 1a cong viéc co ban trong khai thac dir liéu. Bai todn duoc gidi
theo hai buéc chinh: Budc mot, tim tat cd cdc tdp thuong xuyén theo ngudng Sp cho trude. Budce
hai, dua vio cdc tdp thudng xuyén, tim cdc ludt két hop. TAt cd khé khin cida bai todn tap trung
& buéc moét. Cédc nghién cru vé khai thic luat két hop déu tap trung cdi tién téc do xir 1y, dung
luong bo nhé va s6 1an truy cip dia. Trong bai bdo ndy, ching téi dé xuit phuong 4n gidi bai toan
trén bang cach phan hoach dir liéu thanh n lép, méi 16p dugc lwu trit ddc 1ap thanh mét file trén
bd nhé ngoai va dé xuit thuit todn SPP_Mining dé khai théc cdc tdp thudng xuyén véi ngudng So

tly ¥ va duoc xir 1y song song n trén mdy.

1. MO PAU

Quad trinh nghién citu ve khai thac dir lieu dwogc tong két bdi Q. Zhao trong [1]. Tir thuat
todn AIS lan dau tién dwoc Agrawal. R giéi thiéu nam 1993 trong [2], thuat todn Apriori
nam 1996 [3], roi timg bude dwge cic téc gid chinh va nhém nghién citu cong bé: FP-Tree
cia J. Han nam 2000 [4], DCI cia C. Lucchese nam 2005 [5], CHARM cia M. J. Zaki nam
2005 [6], LCM ctia T. Uno nam 2006 [7], BFS cia V. Choi nam 2006 [§], tat cd déu dwa toan
b6 dit liéu vao bo nhé trong dé xir Iy. Han ché cla céc thuat tén nay la khong thé giai duoc
khi dit liéu 16n. Khai niém phan 16p dir lieu da dwoc Ashok Savesere va dong nghiép dira ra
nam 1995 [9] va dwroce Shakil Ahmed hoan thién ndm 2006 trong [10] nham khac phuc han ché
trén. Bai bdo nay dé xudt mot thuat todn méi d€ tim tap thwong xuyén dua vao ky thuat
phan 16p dir liéu, ¢6 toc do xik Iy nhanh hon cdc thuat todn da dwoc cong bo.

1.1. Mo ta bai todn

Cho I = {z1, ®9, ..., 2y} 1a tap hop cdc muc dir lieu. Mot tap con t = {241, 29, ..., Tk} C I
goi 1a mot giao tac trén I. Mot tap hop gom m giao tac T = {t1,to, ..., t;} g0i 13 mot co
s& dir lieu (CSDL) giao tdc trén I. Moi tap hgp X C I goi la tap muc dir lieu (itemset),
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moi tap con S C T goi 1a tap dinh danh giao téc (tidset). D6 ho trg (support)cia mot tap
muc dir litu X, ky hiéu Supp(X) 1a s6 céc giao téc trong T chita X. Dé don gidn, quy
wée dung Supp(z;) thay cho Supp({z;}) khi tap chi ¢6 mot muc dir liéu. Cho Sp 1a mot s6
nguyen, ta néi X 1a tap muc dir liéu thudomg xuyén (frequent itemset) theo ngudng Sy néu
Supp(X) > Sp. Mot bicu thite. X1 — Xo, véi X1, Xo C I va X1 N Xo # ¢ duwoc goi 1a
mot luat két hop (Association rule) trén 7. Po ho tro cda luat két hop X7 — Xo, k¥ hieu
Supp(X7 — X3) = Supp(X7U Xy) = Supp(X;1X5). Luat két hop f: X3 — Xy trén T 1a luat
thuong xuyen theo nguong So néu Supp(X; — Xs) > Sp. Bo tin cay (Confidence) cia luat
X1 — Xo, ky hiéu Conf(X; — X5), la ty s6: p = Conf(X; — X3) = Supp(X1X3)/Supp(Xi).
Véi Cp € P(0,1], ta néi f: X7 — Xo 1a luat tin cay (Confident rule) theo ngudng Sy va Cy
néu f la luat thuong xuyén theo nguong Sy va Conf(X; — Xo) > Co.

Bai to4n khai thac luat két hop: Cho CSDL giao téc T trén tap muc di lieu I véi ||T]] = m
(s6 phan tir cia T), ||I]| = n, ngudng doé ho tro t6i thi€u Sy va ngudng do tin cay téi thiéu
Cy. Hay tim tat cad cac luat két hop trén T thoéa ngwong Sy va Cy.

1.2. Céc hwéng ti€p can gidi toan luat két hop

Tat cd khé khan cia bai todn tap trung & budce tim cde tap muc dir lieu thwdmg xuyeén.
Dén nay, ¢6 ba hwéng ti€p can chinh dé gidi quyét bai todn tim tap muc dir liéu thwong
xuyen [1].

Hu éng thit nhdt: Goi la hudng tiép can Apriori, dira vao thuat todn Apriori dirge Agrawal. R
va dong nghiép giéi thiéu lan dau tién ndm 1993 trong [2] va timg bude duwoc cdc nha nghién
cttu day cong cai tién trong [4-8]. Noi dung co ban ciia thuat todn nay géom cdc budc:

1) Duyét co sé dir liéu lan thir nhat dé xéc dinh tap mot muc dir liéu thuong xuyeén:

Ly = {{x;}|x; € I,Supp(x;) > Sp}.

2) Lap buéc 2 cho dén khi Ly 1 = ¢;

Tw L, = {X CI||X|| =k, Supp(X) = Sp} véi k =1,2,..., lap tap ing vien Cy1:

Crin ={XCI||X||=k+1, YC X thoa ||Y||=kthi Y € Li};

L1 = {X € Cry1|Supp(X) > Sp}. Han ché cia hwéng tiép can nay la:

1) Su biing né cac tap muc dir liéu ng vién cin tinh do ho tro, dan dén khong du thoi
gian thic va bo nhé cla mdy tinh dé xi Iy.

2) Qué nhieu lan duyét qua co s& dir lieu.

Huéng thit hai: Goi 1a huéng tiép can FP_Tree, dira vao thuat todn FP_Tree do Han J., Pei
H., Yin Y. dwa ra nam 2000 [3]. Noi dung co ban cia thuat todn nay gom céc budée:

1) Duyét co s& dir liéu lan thir nhét dé tinh do hé tro cho méi muc dir liéu va tim ra
duoc tap thuong xuyén mot muc di liéu.

2) Tao FP_Tree. Tao ra mit géc Pt ciia FP_Tree, gin nhan Root. Duyét co s& dir liéu
l&n thit hai dé€ xay dung FP_Tree: U’ng véi moi giao téc trong T, 1ay ra nhirng muc dit liéu
thwong xuyén va sip xép cdc muc nay thanh mot danh sich cé thit tw gidm dan cia do ho
tro. Phan cdc muc dw liéu trong danh sdch thanh hai phan [z|L], véi 2 1a muc dir liéu thudng
xuyén dau tién trong danh sdch va L 1a phan con lai, goi thi tuc Insert_Tree([z|L], Pt).

Thi tuc Insert Tree([z|L], Pt) lam viéc nhw sau: Néu Pt ¢6 mot nit con N sao cho
N.ItemName = 2 thi tang s6 [an dém mit N lén 1, ngrroc lai, tao mot nit N méi 1 con cila
Pt va gén N.ItemName = z véi lan dém nit N 1 1, tao con trd lién két tir nit cling tén
xudt hién trude dén né. Thu tuc Insert_Tree duogc goi dé quy Insert Tree([y|Li], N) v6i y 1a
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muc dir liéu dau tién cia L va Ly 1a phan con lai. Thi tuc Insert_Tree dwoc goi dé quy cho
dén khi L 13 rong.

3) Dung thuat toin FP_Growth dé tim céc tap muc dit liéu thwong xuyén.

Huwéng tiép can nay gidi quyét diroc co ban hai van dé ton tai clia hiréng tiép can Apriori.
Thit nhat, qud trinh xay dung FP_Tree khong xét dén s6 lwong céc tap thudmng xuyén ma chi
xét cdc muc dir lieu thwong xuyén trong tirng giao téc, do dé s6 tap muc dir lieu duoc xét 13
s6 giao tdc cla dit liéu nén khong x4y ra viée biing né céc tap 1tng vien. Thit hai, trong qué
trinh xay dung FP_Tree chi ¢é hai Ian duyét qua co s& di liéu, Ian thit nhat duyét dé tim
cdc muc dir liéu thuomg xuyén (giéng nhu hwéng tiép can Apriori) va lan thit hai la duyét
qua co sé& dir liéu dé xay dung FP_Tree.

Han ché cia hwéng tiép can nay la:

1) Trong khai thdc tap thuomg xuyén, can phai tinh toin véi nhiéu nguong do ho tro téi
thiéu khac nhan. Khi cin tim tap thwomg xuyén véi mot nguwdng téi thidu S khac, hiéng
tiép can nay phai lam lai tir dau.

2) Thuat todn FP_Growth diing dé tim cdc tap thuong xuyén phai goi dé quy thi tuc
FP_Growth(Tree, a) lién tiép trén cdc nhdnh cay con. Khi du lieu 16m, viéc goi dé quy seé
chiém mot bo nhé rat 16m va chay rat cham.

3) Céch gidi quyét bai todn cia Han J. 1a dwa toan bo dir lieu vao bo nhé trong khi xay

dung FP_Tree. Diéu nay rat khé thwc hien khi dir licu 1ém.
Hudng thit ba: Phan hoach dir liéu. Huéng nay sit dung cho dir liéu 16n, khong thé dua toan
b6 dir liéu vao bo nhé trong. Y twdng dau tién cia hwéng nay do Ashok Savasere va dong
nghiép tai Vién Tinh todn trudmg Pai hoc ky thuat Georgia, Atlanta, Hoa Ky dé xuat nam
1995 véi thuat todn Partition [9], sau dé dwrge Shakil Ahmed va dong nghiép thude khoa Khoa
hoc May tinh truong Pai hoc Liverpool hoan thién nam 2006 véi thuat toan Partition-P-tree
[10]. Noi dung co ban cila thuat todn nay gom céc buée:

1) Xéc dinh mot thit tw cho cdc muc dir liéu thudomg xuyén.

2) Chia danh séch cdc muc dy lieu da ¢é thit tuw thanh k& nhém va danh s6 1,2, 3, ..., k.

3) Phan chia co s& dir liéu giao tdc thanh h phan doan.

4) U’ng v&i moi phan doan, xay dung k PP-Tree trén bo nhé trong, cudi ciing hru két qué
ra bo nhé ngoai. Qué trinh xay dung nay chi can mot lan duyét co s& dir licu goc.

5) U"ng véi nhém 1, doc cay PP1 cia moi phan doan vao bo nhé roi é4p dung thuat todn
Apriori-TFP tao mot T — Tree dé tim cdc tap muc dir liéu thiwong xuyén trong phan hoach
nay. Giai doan nay, trén moi phan doan chi doc cdc cay PP1 ding mot lan. T — Tree gitr
trong bo nhé trong suét quéa trinh xir 1y, cudi cing dwoc lru lén dia.

6) Lap lai buée 5 cho cde nhém 2,3, , k.

Huwémg tiép can nay cé nhiéu wu diém, tuy van con han ché:

1) Khi xay dung céc PP-Tree trén moi phan doan dir lieu phai dém s6 lan xuét hién cla
tadt cd cdc tap muc dir liéu trong tirng nhém dé dwa vao cay, dan dén viéc xay dung céc
PP-Tree la phitc tap.

2) Khi tim tap cac tap thwong xuyén & buée 5 bang cach ding thuat todn Apriori-TFP
tao T — Tree, cay T — Tree phai hru gitr trong sudt qué trinh tinh todn, diéu nay gap khé
khan trong truong hop dr liéu 16n.

3) Dic biét, hwéng tiép can nay khong thé xit 1y song song dé cé két qua nhanh.



THUAT TOAN KHAI THAC TAP THUONG XUYEN HIEU QUA 263

P& khic phuc han ché clia cdc cach tiép can trén, tac gid dé xudt thuat toan SPP dé gidi
bai toan tim cac tap muc dur liéu thuong xuyén dua tréen ky thuat phan 1ép dur liéu.

2. THUAT TOAN SPP
(Simple Partition Pattern )

2.1. Noi dung cia thuét toan

Noi dung ctia thuat todn nay bao gom céc buéc:

1) Duyét qua co s& dir liéu [an thit nhat dé tinh do ho tro cla tat ca cdc muc dir liéu.

2) Duyét qua co sé dit liéu Ian thit hai d€ phan hoach céc giao tac: U’ng v&i moi giao téc,
tao mot danh sdch gom cédc muc dit liéu trong giao tic va sip xép cic muc nay theo thi tu
gidm dan cda do ho tro, x; 1a muc dir lieu dau tién trong danh sdch. Liru danh séch nay vao
tap tin FPD;.

3) Phan hoach cdc tap muc du liéu: Ung v6i mdi tap tin FPD;, xay dung cau tric
SP_Tree, 1a cdu triic cay nhi phan dé chuyén tap tin FPD; vao bo nhé trong. Duyét qua cay
dé tim tat cA cdc hau t6 cla timg x; va hru hau t6 vao tap tin FPP;, 1a tap tit cd cdc hau
t6 cla z;, 1 < j< n.

4) Duing thuat todn SPP_Mining dé khai thac tap thiwrong xuyén theo ngudng So. SPP_Mining
dung thuat todn twa Apriori (Thuat todn Apriori trén tap dir liéu giao tic c6 trong s6) dé
tim tat cd cdc tap thudong xuyén trong tirng FPP;, 1a tap hau t6 cia x;. Néi x; vao cdc tap
thudmg xuyeén trong F'PP; ta duroc tap cac danh sadch muc thudng xuyén bat dau xj cua T.
Téap cdc danh sdch muc dir liéu thwong xuyeén trén toan co s& dir liéu 1a hoi tat ca cac tap
danh séch muc dir licu thwong xuyeén bat dau x; véil < g <n.

2.2. Phan hoach co s& dir liéu giao tac

Thuwe hién bwée 1 va 2, phan dir liéu vao cic tap tin FPD; & bo nhé ngoai. Cau tric
FPD:

FPD; = {[zi,, %y, ..., x4, ) |Supp(xs, ) = Supp(zi,) > ... = Supp(z;, ) va

gt € T, t= {.’L‘Z‘l,xi2, ,xlk}}

Procedure Partition_Data(T, I, F, ItemList);
Input: T - Co s& dir liéu giao téc trén I = {1, 29, ..., Tn};
Output: F = {FPD;,,FPD,,...,FPD,}, n tap tin phan hoach céc giao téc;
ItemList: Mang chita do ho tro cia cdc muc dir lieu da dwoc sap thit tu gidm dan;
Method:
For each j € {1,...,n} do ItemList[j] := 0;
For each t € T do
For each j € {1,...,n} do
If z; € t then
ItemList[j] := ItemList[j] 4 1;
EndIf;
EndFor;
EndFor;
Sort_List(ItemList); // Sap xép ItemList theo thit tuw gidm dan cia Supp(z;) =
ItemList|[4].
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For each j € {1,...,n} do
Create_File(FPD;);

EndFor;
For each t € T do
t':= Sort_Item(t) = [x;, iy, ..., x;,) VO

Supp(z;) = Supp(zi,) > ... > Supp(z;,);
Write(FPD;,t);
EndFor:

2.3. Phan hoach céc tap muc dir liéu (Partition Patterns)

Cho danh séch cédc muc dir lieu X = [x;, 2y, ..., ;). Ta goi Y = [x;, 24y, ..., ;) 13 hau t6
cia z; néu Supp(z;) < Supp(a;,) < ... < Supp(;, ).

Viéc phan hoach cdc muc dir liéu 1a phan chia cdc hau t6 cla cde z; vao cac tap tin FPP;j,
dua vao ky thuat xay dung va duyét cay nhi phan SP_Tree.
2.3.1. Xdy dung SP_Tree

Cay SP_Tree la mot cay nhi phan don gidn. Mo6i mit ctiia cay con bao gom bén trudng:
Trudmg thit nhat c¢é tén 1a Name, chita tén cia muc dir liéu, truweomg thit hai ¢6 tén 1a Count,
chita s6 dém céc giao tac chita cdc muc dir liéu trong nhanh cay nay, trudmg thit ba va bon
cé tén 1 Left va Right, 1a hai con trd ndi dén nit con cia né. Céc mit cia cay gom hai loai:
Loai mot: Truong Name #£ ¢ va Count # 0, day la loai nit binh thwomng. Loai hai: Truong
Name = ¢ va Count = 0, ta goi 1a miit rong, ding dé€ mé ta mit dau cia mot nhénh con trong
cay.

Root ‘

Name
Count

[
¥ X

Left Right
Hinh 1. Mot mit cua SP_Tree

Vé&i moi tap tin FPD; da dugce phan hoach & muc truée, ta xay dung mot cay nhi phan
SP_Tree twong tng.

Thi tuc Xay dung SP_Tree

Bau tién tao nut goc ¢ tén la Root. Duyeét qua tap tin FPD,, tng véi moi phan tir L
cla tap tin, ta phan L thanh hai phan L = [z|L;] v&i 2 1a muc di liéu dau tién cia L va Ly
14 phan con lai, goi thi tuc Insert(Left, x, L1, Root) dé chén L vao cay.

Thi tuc Insert(Left|Right,z, L, P) ding dé chén cdc muc dir liéu trong mot danh sach
vao cay. Cé hai trwrdng hop phai chén véi hai tham s6 trong 1o goi thi tuc. Trwdong hop mot,
goi v&i tham s6 Left dé chén niit thong thuong vao nhanh trai cia cay: Insert(Left,x, L, P).
Trwomg hop hai: Goi véi tham s6 Right d€ tao nhanh phéi cia cay: Insert(Right,z, L, P).

1) Trwong hop mot: Insert(Left, x, L, P).

a) Néu P = Null thi tao mot nit méi N, gdn N.Name := z, N.Count := 1, N.Left :=
Null, N.Right := Null, néi P vao nit N. Néu L # ¢ thi phan L thanh hai phan: L = [y|L1]
v6i y 1a muc dir liéu dau tién cia L va Ly 1a phan con lai, goi dé quy Insert(Left, y, L1, N.Left).

b) Néu P # Null, nghia la P chi dén mit N va N.Name = z, tang N.Count lén 1 don
vi. Néu L # ¢ thi phan L thanh hai phan L = [y|Li] v&i y 1a muc dr lieu dau tién cia
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L va Ly 1a phan con lai. Néu N.Left = Null thi goi d¢ quy Insert(Left,y, L1, N.Left),
nguoc lai, nghia la N.Left trd dén ntit M, ta lai xét tiép: Néu M.Name = y thi goi dé quy
Insert(Left,y, L1, N.Left), ngwoc lai, ta goi dé quy Insert(Right, y, L1, N.Right).

2) Truwdmg hop hai: Insert(Right, z, L, P).

a) Néu P = Null, thirc hién hai cong viéc: Pau tién, tao mot nit F rong, nit dau cia
nhénh cay con, gdn E.Name := ¢, E.Count := 0, E.Left := Null, E.Right := Null, trd P
dén E; tiép theo goi dé quy Insert(Left,x, L, E.Left).

b) Néu P # Null, nghia la P da tré dén mot nit dau cia mot nhdnh con. Néu
x tring véi tén ndt diu tién cda nhéanh con trdi: P.Left".Name = z, ta goi dé quy
Insert(Left, x, L, P.Left), nguoc lai ta goi dé quy Insert(Right, x, L, P.Right).

Viéc goi thi tuc Insert(Left|Right, z, L, P) cho dén khi L rong.

Procedure SP_Tree(FPD;, Root);

Input: FPD;: Tap tin liru cdc danh séch bat dau z;;

Output: Root: Mot SP_Tree;

Method:

Root := Null;
For each L € FPD; do
L= [z|L];
Insert(Left, z, L1, Root);
EndFor;
Procedure Insert(Kind, z, L, P);
Input: Kind € {Left, Right}; x: Mot muc dir liéu;
L: Danh sach cac muc dur liéu;
P: Con tré trd dén nit trong ciy con;
Output: P - M6t nhanh trong SP_Tree;
Method:
If Kind = Left then
If P = Null then
Tao nit Nva gan N.Name := x,
N.Count := 1; cdc nhénh con la Null; N6i P dén nit N;
If L # ¢ then
L := [y|Lq);
Insert(Left,y, L1, P.Left);
EndIf
Else //P trd dén nit N ¢6 N.Name = z;
P.Count := P.Count + 1;
If L # ¢ then
L= [y|L1];
If (P.Left = Null) or (P.Left".Name = y) then
Insert(Left,y, Ly, P.Left)
Else
Insert(Right,y, L1, P.Right);
EndIf;
EndIf;
EndIf;
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Else //Kind = Right
If P = Null then
Tao mit E rong;
Néi P dén mit E;
Insert(Left,z, L, E.Left);
Else
If P.Left".Name = x then
Insert(Left, z, L, P.Left)
Else
Insert(Right, z, L, P.Right);
EndlIf:
EndIf;
EndIf;

2.3.2. Thi tuc SP_Mining

Trong qué trinh xay dung cay SP_Tree ta thay: Trén moi nhanh, mot muc dir liéu tai mot
niit luoén ¢é s6 dém nhd hon hay bang sé dém ciia muc dir liéu tai céc nit t6 tién clia né.
Drra vao tinh chat ndy, ta loc ra cdc danh sach cdc muc dir liéu va d6 ho tro cia né nhw sau:
Tai mo6i nit N chita muc dir lieu z; cda cay SP_Tree, ta ldy ra mot danh sdch cdc muc di
licu X = [z, 25, ..., 25, VL 24, ..., xj, lan luot & cde muc dir liéu theo thit ty tal cde nit
t6 tién clia N, nén ta c¢6 Supp(z;) < Supp(zj,) < ... < Supp(z;,) suy ra Y = [z, ..., z;,] 1a
hau t6 cia 2;. Pat Sup_Y = N.Count va luu (Y, Sup.Y) vao FPP;

FPP; = {(Y,Sup.Y)} v6i Y = [y;,, ..., y;] thoa Supp(z;) < Supp(y;,) < ... < Supp(y;,)
va Jte T : {xj,yj, ..., y;} Ct (File Partiton Patterns).

Thi tuc SP_Mining duyét qua cay SP_Tree dé tim hau t6 cia tat ca cdc muc dir liéu va
lru vao céc tap tin FPP; véi 1 < j < n.

Procedure SP_Mining(Root);

Input: Root: Mot SP_Tree

Output: F' = {FPP,,FPP,,..., FPP,} : n tap tin phan hoach tap muc du liéu;

Method:

Goi Filter_Pattern(Z, Root);

Procedure Filter_Pattern(X, P);

Input: X: Danh séch cdc muc dir liéu; P 1 con trd tré dén mot nit trong cay;

Output: F = {FPP,,FPP,,..., FPP,}.

Method:

If P # Null then
If P.Name # ¢ then

x; := P.Name;

Su := P.Count;
Write (FPP;, (X, Su));
X =[] XY

EndIf;

Filter Pattern(X, P.Left);
Filter Pattern(X, P.Right);
EndIf;
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2.8.3. Thii tuc Partition_Pattern

Tht tuc Partition_Pattern tuan tur chuyén cdc phan hoach giao tdc FPD; thanh cdc phan
hoach muc dw lieu FPP;, 1 <1,j5 < n.

Procedure Partition_Pattern(PD, F);

Input: PD = {FPD;,FPD,,..., FPD,} : n tap tin phan hoach cdc giao téc;

Output: F' = {FPP,,FPPs,...,FPP,} : n tap tin phan hoach cdc muc dir liéu;

Method:

For each x; € I = {x1, x9, ..., zp} do
Create_File(FPPF;);

EndFor;

For each x; € I = {x1, x9, ..., z,} do
SP_Tree(FPD;, Root);
SP_Mining(Root);

EndFor:

2.8.4. Thi tuc SPP_Mining

Khai théc cdc tap thuong xuyén cia co s& dir lieu giao tac T theo ngudng Sp.

Sau khi phan hoach xong cdc muc dir liéu, viée giai bai todn ban dau dwoc chuyén thanh
giai n bai todn doc lap trén n tap dw lieu {FPP;, FPP,, ..., FPP,} v&i cing mot nguong t6i
thi€u Sp. V&in tap tin FPP; va Sp dwoc xit Iy trén n mdy doc lap. K&t qua cia bai todn 13
hoi cia cac két qua xit Iy trén n may.

Procedure SPP_Mining(F, Sy, ItemList, Pre_DB);

Input: F = {FPP,,FPP,,...,FPP,} la n tap tin phan hoach muc du liéu;

Sp: Nguwdmg ho trg t6i thieu; Mang ItemList véi ItemList[i] = Supp(a;);

Output: Pre_ DB = {(X, Suppx)|X > I va Suppy = Supp(X) > Sy }.

Method:

Pre DB = {({z;}, ItemList[i])|z; € T va ItemList[i] > Sp}; //Tap mot muc DLTX

For each FPP;, in F do
If TtemList[i] > Sy then

LM:= Tap cac muc DL ¢6 trong FPP;;

k:=1;

Ly := {{z;}|z; € LM va ItemList[i] > Sp}.

While Ly # ¢ do

Cr1 ={X CLMI||X||=k+1,VY C X thoa |Y||=k=Y € Li};

L1 = ¢;
For each X € Ci41 do
Sup := 0;

For each (Z, Sup_Z) € FPP; do
If X C Set(Z) then // Set(Z): tap hop cdc muc dir liéu ¢6 trong

Sup := Sup+ Sup_Z,;
EndlIf;
EndFor;
If Sup > Sp then
Ly := L U{X )
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X :={x;} UX;
Pre DB := Pre DB U{(X, Sup)};
EndIf;
EndFor;
k=k+1;
EndWhile;
EndIf;
EndFor:

Vi du 2. Cho co s& dur liéu giao tac:
TID Muc dtr liéu
f’ a7 C7 d7 g7 i7 m7 p

a,b,c, f.1, m o
b7 f7 h7 j’ o
b’ C7 k7 S7 p

U | W[N] —

a? f7 C7 e’ 17 p7 m7 n

Budc mot: Phan hoach céc giao téc
- Tinh do6 ho tro cia tirng muc dir liéu va xép thit tu gidm dan theo do ho tro:

ltemList = | f:4 ‘ c4 ‘ a3 | b:3 | m:3 | p:3 | 1:2 ‘ 0:2 | d:1 | el ‘ gl | h:1 | il ‘ jil | k:1 ‘ n:1 | s:1 |

- Phan hoach dwr liéu thanh hai 16p:
FPD_f
fe,a m p,d, g i
f,c,a, b,m, 1 o
f, b, 0, h, ]

f7 C7 a"7 m7 p7 17 e7 n

FPD_c
G, ba P, k7 S

Budc hai: Phan hoach cac muc dir liéu
- Xay dung SP_Tree cho hai 16p trén (Hinh 2).
- Phan hoach muc dt liéu:

Root  FPD;
fl4
cl3
al3 0 0
m| 2 bll bl1

Hinh 2. SP_Tree
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Vé&i SP_Tree & Hinh 2, cdc tap muc dir liéu dwoe phan hoach va lwu thanh 17 file nhw sau:
Bdng 1. Céc file FPP; cia cay & Hinh 2

FPPs | FPP. | FPP, | FPPy, | FPPn FPP, FPP, FPP, FPPq
f:3 c,f:3 | acfil a,c,f:2 | mya,c,f:2 | pm,a,c,f:l | Lm,ba,c,f:1 | p,m,a,c,f:1
f:1,c:1 | byac,f:1 b,c:1 m,b,a,c,f:1 b,f:1
FPPe FPPg FPPh FPP; FPP; FPPs FPP, FPP,
lL,p,m,a,c,f:1 | d,p,m,a,c,f:1 | o,b,f:1 | g,d,p,m,a,ct:1 | h,o,b,f:1 | p,b,c:1 | el,p,m,a,c,f:1 | k,p,b,c:1

Budéc ba: Ap dung thuat todn FP_Mining dé tim tat ci céc tap thudmg xuyén theo ngudng
Sp = 2.

Vé6i 8o = 2, ta chi tim trong FPP;, FPP,, FPP,, FPP,, FPP,,, FPP,, FPP;, FPP,. Dé
don gidn cdch viét, dung ky hiéu abe thay cho {a, b, ¢} va (X, Su) ¢6 nghia la Supp(X) =
Goi Pre_FPP; 1a cac tap muc dir liéu thwdng xuyén trong file FPP;.

Vé&i FPPy ta ¢ Pre Ff = {(f, 4)}.

), (et )}

), (ac, 3), (af, 3), (ack, 3)}.
Véi FPPy, ta ¢6 Pre_Fb = {(b, 3), (bc, 2), (bf, 2)}.

V6i FPP, ta ¢6 Pre Fc = {(c, 4
V6i FPP, ta ¢6 Pre_Fa = {(a, 3
(

V61 FPP,, ta ¢6 Pre_ Fm = {(m, 3), (ma, 3), (mc, 3), (mf, 3), (mac, 3), (maf, 3), (macf,3)}.

Véi FPP, ta ¢6 Pre_Fp = {(p, 3), (pm, 2), (pa, 2), (pc, 3), (pf, 2), (pma, 2), (pmc, 2),
(pmf, 2), (pac, 2), (paf, 2), (pcf, 2); (pmac, 2), (pmaf, 2), (pact, 2), (pmacf, 2)}.

V61 FPP ta ¢6 Pre Fl = {(1, 2), (Im, 2), (la, 2), (I¢, 2), (If, 2), (Ima, 2), (lmc, 2), (Imf, 2),
(lac, 2), (laf, 2), (Icf, 2), (lmac, 2), (lmaf, 2), (lacf, 2), (lmacf, 2)}.

V6i FPP, ta ¢6 Pre_Fo = {( o, 2), (ob, 2), (of, 2), (obf, 2)}.

Suy ra, Pre_ DB = {(f, 4), (c, 4), (cf, 3), (a, 3), (ac, 3), (af, 3), (acf, 3), (b, 3), (be, 2), (bf,
2) (m 3), (ma, 3), (mc, 3), (mf, 3), (mac, 3), (maf, 3), (macf, 3), (p, 3), (pm, 2), (pa, 2),
(pacf 2) (pmact, 2), (1, 2), (Im, 2)7 (la, 2), (lc, 2), (If, 2), (Ima, 2), (Imc, 2), (Imf, 2), (lac, 2),
(laf, 2), (Icf, 2), (Imac, 2), (lmaf, 2), (lact, 2), (lmacf, 2), (o, 2), (ob, 2), (of, 2), (obf, 2) }.

3. PANH GIA THUAT TOAN

DPé& danh gid thuat todn, ching toi da tao ra cic ma tran giao tdc ngau nhién véi s6 hang
(t6ng s6 giao tac) va sd cot (s6 muc dir lieu) chon trude véi do day cla ma tran (ty s gitra
tong s6 6 ¢ gid tri 1 va tong s6 6 clla ma tran) tiy ¥. Dir licu nay bdo ddm twong tng véi
dwr liéu ban hang cia mot siéu thi.

Ba thuat todn Apriori, thuat todn FP_Tree va thuat todn SP_Tree da duwgc cai dat va chay

trén mdy IBM ThinKPad T43. Hiéu qua cia ching dwoc ddnh gid thong qua viéc so sdnh
thoi gian thue hién (giay) trén cling mot tap dir lieu dwoc thé hién & hai bang dudi day.



270 NGUYEN HUU TRONG

Bdng 2. So sanh thoi gian xay dung cay FP_Tree va SP_Tree (giay)

STT | Téng s6 giao tdc | S6 muc DL FP_Tree SP_Tree | Ty 1& giam
1 10000000 25 483 203 2.4
2 5000000 50 68875 307 224.3
3 1000000 100 Tran b6 nhd 413
4 2000000 100 Tran b6 nhé 789
5 10000000 250 Tran b6 nhé 3272

Ta nhan thay, khi s6 muc dwr liéu 1én, SP_Tree rat hiéu qua. Khi dir lieu dd 16n thi
FP_Tree khong thé thue hién dwoc vi tran bo nhé (hang 3, 4, 5 trong Béang 2), SP_Tree van
thire hién dwoc, diéu nay c¢é nghia la SP_Tree ton it bo nhé hon rat nhiéu, ¢6 kha nang xir 1y
nhtng d liéu 16n.

Bdng 3. So séanh thoi gian chay cia hai thuat todn Apriori va SPP_Mining

STT Tf)ng s6 | S6 muc Ngudng t6i | Téngsd | Thoi gian tinh (gidy) Ty 1¢
giao tac DL thiéu S, muc DLTX | Apriori | SP Mining | gidm
4.000 863 15 5 3.00
3.000 1977 51 8 6.38
! 65.000 30 2.000 4250 141 16 8.81
1.000 18295 1908 53] 36.00
40.000 2066 598 171 3.50
30.000 3841 1263 251 5.03
2 1:000.000 50 20.000 9907 2577 413 6.24
10.000 31023 | 15608 1251 12.48
100.000 270 69 6| 11.50
3 | 2.000.000 25 50.000 691 234 7| 3343
30.000 1386 404 12| 33.67
10.000 6045 1806 42| 43.00
100.000 2527 3866 451 85091
50.000 5801 8943 108 | 82.81
4 [10:000.000 25 30.000 10606 | 13383 190 |  70.44
20.000 16426 | 22170 2941 7541

Ta nhan thdy rang, khi dit liéu 16m, thuit todn SPP_Mining cang hiéu qud.

4. KET LUAN

Véi ky thuat xay dung SP_Tree va thuat todn SPP_Mining khai théc cédc tap thwong
xuyén, co ban gidi quyét diroc nhirng ton tai cila ba hwéng tiép can ké trén.

1) Thuat todn chi ¢é hai lan duyét qua co s& dir lieu. Sau khi xay dung xong cdc SP_Tree,
mot lan duyét qua cay la xéc dinh dwoc tat ca cédc do ho tro cia cdc muc dir liéu trong phan
hoach, khong phdi dém s6 lan ching xudt hién trong tirng giao téc.

2) Trong qué trinh gidi bai todn, khi phan hoach dir liéu & buée 2 va 3, thuat todn SPP
chira xét dén do ho tro, dén bwdce 4, tim cdc tap muc dir liéu thwong xuyén méi xét dén do
ho tro va chi xit Iy trén céc tap dit lieu phan hoach. Do dé, trong qué trinh khai thac dir
litu véi cde d6 ho tro khéc nhau, néu dir liéu chira thay doi thi khong phai phan hoach lai
dir liéu, gidm thiéu thoi gian déng ké.

3) Thuat todn SPP chia nhé dir liéu va xir 1y trén tap tin nén do lén dir lieu tiy thuoe
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vao dung lwong bo nhé ngoai, do dd, khi gidi bai todn khong can dén may tinh c¢é bo nhé
trong 16n.

4) Moi tap FPP; la mot bo (X, Supx), véi Supx la trong s6 cia X trong T, s6 phan ti

cia FPP; (1a tap cdc hau t6 cia x;, khong ¢6 thuoce tinh ;) nhd hon nhiéu so véi T. Hom
nuwa, c6 nhieu z; khong cé hau t8, titc FPP; rong, khi 4p dung thuat todn Apriori dé khai
théc tap thuwong xuyén sé giam khdi lwong tinh todn rat 1ém.

5) Khi tim cdc tap muc dir lieu thuong xuyén, SPP tim trén tirng tap FPP; riéng ré nén

dé dang cai dat chwong trinh song song thire hién trén cdc may tinh da bo xir 1y hoac trén n
méay doc lap, do d6 téc do xit Iy nhanh chéng hon, hiéu qua homn.

Tuy nhién, thuat toin SPP chi xit Iy trén di liéu xdc dinh, chwa xit 1y dir liéu tang trudng.

Trong nhirng bai bdo tiép theo, tac gid sé dé nghi thuat toidn khai théc luat két hop trén co
s& dir lieu tang trudng.

1]

[2]
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