HUFLIT Journal of Science

RESEARCH ARTICLE

KHAI THAC TAP PHO BIEN TU’ DU’ LIEU LUONG
DUA TREN THUAT TOAN DI TRUYEN SU’ DUNG BIT VA XU’ LY SONG SONG
Pham Dirc Thanh, Lé Thi Minh Nguyén

Khoa Céng nghé thong tin, Truwdng Pai hoc Ngoai ngit -Tin hoc TP.HCM
thanhpd@huflit.edu.vn, nguyenltm @huflit.edu.vn

TOM TAT— Trong thoi dai cta dit liéu 16m, kha ndng khai théac thong tin ¢6 y nghia tir dit liéu ludng 1a vo cing quan
trong cho cac tng dung nhw phan tich thoi gian thuc, phat hién bat thwong va qua trinh ra quyét dinh. Bai bdo nay dé
xudt mét phwong phdp méi d€ khai théc tdp phd bién tir dir liéu ludng st dung thuit toan di truyén két hop véi céc
phép toén bit va xtr Iy song song. Cot 16i clia phwong phép nay st dung ThreadPoolExecutor tir Python dé xir ly song
song, ting téc do tinh toan ddng ké va cho phép xit Iy cac lubng dir liéu 1én mot cach hiéu qua. Thuit toan dé xudt st
dung k¥ thuit ctra s6 trwot d€ duy tri va cdp nhat cac tdp phé bién mét cach linh hoat khi dit liéu méi dén. Phwong phap
nay ddm bao rang phan tich luén phut hep véi dit liéu méi nhit, gidi quyét cac thach thice do tinh chit thodng qua cla
dir liéu ludng gay ra. Bang cach tich hop cac phép toan bit trong thuat toan di truyén, phwong phap nay toi wu hoa viéc
biéu dién va thao tac cac tdp phd bién, din dén gidm chi phi tinh toan va cai thién hiéu suit. Xt ly song song duwgc thuc
hién bang céch sir dung ThreadPoolExecutor, cho phép nhiéu phan doan cta ludng dir liéu dwoc xir Iy dong thoi. Digu
nay khong chi tdng téc d6 cla thuat toan ma con ddm bao kha ning mé réng, lam cho né phit hop véi moi trwong dir
liéu c6 thong lwong cao. Két qua thue nghiém cho thiy phwong phéap dé xudt vuot trdi so véi cac ki thuat khai thac tap
phé bién truyén théng veé ca tc d6 va d6 chinh xac, dic biét trong céc tinh hudng lién quan dén cac ludng dir liéu 1ém va
lién tuc. Chi tiét v& trién khai, bao gom thiét ké cta thuat toan di truyén, cac phép toan bit va khung xt ly song song,
duoc thao luan ky lwdéng. Ngoai ra, bai bao cung cdp phan tich toan dién vé hiéu sudt clia thudt todn, nhdn manh hiéu
qua va tinh kha dung ctia n6 trong cac kich ban dit liéu luéng thuc té€. Phuong phap dé xudt mé ra cac hwéng di méi cho
viéc khai thac dit liéu lubng thoi gian thuc, mang lai gidi phap manh mé va c6 kha ndng mé& rong dé€ trich xudt nhing
thong tin gid tri tir cac ludng dit liéu lién tuc.

Tur khéa— Tap phé bién, dit licu luéng, ctra s6 truot, khai thac luat két hop, thuét todn di truyén, khai thac di liéu, sb
giao dich mbi 1an truot (batch).

I. GIOITHIEU

Khai niém di liéu 16n dwoc dé cip 1an dau tién trong mot bai bio xuit ban nam 1997 [1]. Cac tac gia goi vin dé
Xt 1y céc tap dit liéu 16n 13 “van dé cha dit liéu 1on”. Nhirng tap dit liéu 16n nay cé dic diém 1a khong vira véi bo
nh& chinh, khién viéc phan tich va trwc quan ching tré nén khé khan hoic thim chi khéng thé thyc hién dworc.
Ngay ca 10 nim sau, hdu hét cic may tinh van khong thé tai 100 GB vao bd nhé chit dirng néi dén viéc xt Iy no
[2]. Trong thoi dai di liéu duoc tao ra véi téc dd cao nhw hién nay, thong tin cé vai tro quyét dinh va hiu hét
may tinh khong thé xir Iy lwong dir liéu khdng 16; do d6, cin phai tao ra nhitng cich méi dé x 1y di liéu. Dir liéu
ludng (data stream) 1a mot chudi dit liéu khéng nglrng phat sinh va cip nhat theo thoi gian thwc, chdng han nhw
cac ban ghi giao dich, di¥ liéu cdm bién, hodc cic sy kién mang xa hoi. Pic diém cha dit liéu ludng: (i) téc dd cao:
dit liéu dwoc tao ra lién tuc va vi téc dd cao; (ii) dung lwong 16m: tdng dung lwgng dir liéu cé thé rit 1om, vwot
qua kha ndng lwu trir truyén thong. (iii) thoi gian thwe: yéu ciu x 1y va phéan tich dit liéu trong thoi gian thue.
Trong bai bdo nay ching tbi phat trién trén bai nghién ctru [3] khai thic dit liéu ludng dwa trén thuit toan di
truyén, nhung & diy ching toi cai tién dung k§ thuit bit va xir Iy song song dé khai thac.

Khai thac tAp phd bién 12 mot ki thuat quan trong trong khai pha dir liéu, nhdm tim ra cac tap hop con cla cac
muc xuat hién thwong xuyén trong mot tip dit liéu. Trong bi canh dir liéu ludng, viéc khai thac tip phé bién tré
nén phirc tap hon do dir liéu lién tuc cip nhit va c6 dung lwong 1én [4] [5] [6] [7]. Viéc khai thac tAp phé bién
trong dir liéu ludng doi hoi cac ky thuat va phwong phap dic biét dé€ xtr ly dic diém tdc do cao va dung lwong 1én
cta dir liéu. Trong méi trwdong dit liéu lubng, cac thuit toan truyén thong khong thé ap dung truwc tiép do han ché
veé bd nhé va yéu ciu xit ly thoi gian thwe. Do d6, cac ki thuat nhw thuit toan trwot cira sé (Sliding Window) [9],
thuit todn téng hop (Synopsis) [8], va thuit toan di truyén (Genetic Algorithm - GA) [9] [10] d4 dwoc phét trién
dé khai thac tap phd bién hiéu qua tir dit liéu ludng. Cac phwong phap nay cho phép tém tit va cip nhat lién tuc
cac tap phd bién, gitip phat hién kip thdi cdc mau quan trong. Diéu nay c6 ing dung rong rii trong nhiéu linh
v, tir phan tich thi trieong va gidm sat mang dén phéan tich dir liéu cadm bién trong cac hé thong IoT. Khai thac
tap phd bién tir dit liéu ludng khong chi gitp tiét kiém tai nguyén ma con ting cwong kha ning ra quyét dinh dwa
trén dit liéu thoi gian thye.
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Trong nghién ctru nay, ching t6i dwa trén thuat toan di truyén st dung bit va xt ly song song. Mdi bit trong
chudi dai dién cho sy hién dién (1) hoic ving mit (0) ciia mdt muc trong tip hop con. Quan thé ban dau dwoc
khéi tao ngiu nhién dé€ dam bao tinh da dang. P6 thich nghi cia mdi c4 thé dwoc danh gia dwa trén tn suat xuat
hién cta tp hop con trong dit liéu luéng. Viéc danh gid nay co6 thé dwoc thue hién song song trén céc ca thé khac
nhau dé tang tdc d6 x& ly. Cac thao tac chon loc, lai ghép va dot bién dwoc thuc hién song song trén cac ca thé.
Chon loc gitp chon ra céc ca thé c¢é do thich nghi cao dé lai ghép, lai ghép két hop cac cdp ca thé dé tao ra con cai
md&i, va dot bién gidp duy tri da dang di truyén bang cach thay ddi ngdu nhién mot s bit trong chudi. Qua trinh
tién hoa nay dwoc 13p lai qua nhiéu thé hé, védi cac ca thé duoc tién hoa song song dé tang tdc do va hiéu qua.

S dung GA v&i ma héa bit va xtt Iy song song gitip gidm thiéu thoi gian tinh toan va quan 1y hiéu qua bd nhé. Cac
thuat todn song song dam bao rang cac két qua dugc cap nhat lién tuc va chinh xac trong thoi gian thwe, phtt hop
véi dic tinh cha dit liéu ludng. Phwong phéap nay ciing ¢6 kha nang mé rong, c6 thé p dung trén cac hé théng da
16i hodc hé thong phén tan dé xtt 1y cac tip dit liéu ludng 1&n va phitc tap.

Phin con lai ctia bai bdo dwoc trinh bay nhw sau. Phén hai trinh bay vé cac cong trinh lién quan. D€ cung cip nén
tang va ngir canh, trong phin 3 trinh bay cic khai niém va dinh nghia, trinh bay cach nhin téng quan vé dir liéu
ludng trong ctra sé trwot, cic ham thich nghi, lai ghép va dot bién trong di truyén bang phwong phap bit va xt ly
song song. Phan 4 trinh bay phwong phap dé xuit. Tiép theo, trinh bay két qua thwc nghiém vé phwong phap dé
xuit khac biét so v&i thuit todn GA_BSW [3] va thuit todn T_Apriori [11]. Cudi cing, trinh bay phan két luin va
twong lai cla dé tai.

II. CONG TRINH LIEN QUAN

Viéc khai thac tAp phd bién tlr dit liéu ludng 1a mot linh vwec nghién ctu quan trong va phirc tap, dac biét khi két
hop v&i cac thuit todn di truyén va x ly song song. Cic nghién cttu gin day da tip trung vao viéc tdi wu hoa va
cai tién cac thuit todn dé ning cao hiéu suit va d6 chinh xac cia qua trinh khai thac. Mot s8 nghién ctru da phat
trién cdc md hinh va thut todn méi nhim xtr 1y dit liéu ludbng mot cach hiéu qua. Vi du, nghién ctru ctia Tseng va
cong sw [12] da gi6i thiéu thuat toan UP-Growth (Utility Pattern Growth) dé khai thac cac tap muc hitu ich cao (HUIs)
tir co so dir lidu giao dich. Thuat toan nay sir dung nhiéu chién luoc dé giam thiéu khong gian tim kiém va t6i wu hoa
qué trinh khai thac HUTIS, trong d6 bao gom cé viéc sir dung bit-vector dé t6i wu hoa, S. Almeida e Aguiar va cong sw
[13] t8i wu héa qua trinh khai thac bang cach st dung cac chién lwoc t8i wu hda bit-vector. Liu va cong sw [14] da
phét trién mot thuét todn hai giai doan d€ nhanh chéng phat hién cac tAp muc hitu ich cao tr dit liéu ludng.
Thuét todn nay sir dung cac chién lwgc t6i wu hoa d€ gidm thiéu thoi gian tinh todn va ting do chinh xac cta két
qua. Lin va cong sw da ap dung toi wu héa dan hat (Particle Swarm Optimization - PSO) [15] d€ khai thac cac tip
muc hitu ich cao. Phwong phap nay dwoc két hop véi thuit todn di truyén dé nang cao kha ning tim kiém cac
giai phap t6i wu trong khong gian tim kiém rong 1&n. Sw két hop gitra PSO va GA da mang lai két qua vwot troi vé
hiéu suit va kha nang khai thac cac tdp muc htru ich tir dit liéu ludng, ddc biét trong cdc méi trwong dir liéu phirc
tap va bién ddi lién tuc. Nghién cttu clia Kannimuthu va Premalatha [16] da dé xuit viéc st dung thuat toadn di
truyén v&i chién lwoc dot bién x€p hang dé kham pha cac tAp muc hiru ich cao. Naik va Pawar [17] d4 phét trién
mot thuat toan nhanh cho viéc khai thac cac tip phé bién dong tir dir liéu ludng theo cach thirc ting dan. Thuat
todn nay st dung phwong phap mé héa bit d€ t6i wu héa qué trinh khai thac. Cong trinh nay da cai thién hiéu qua
xt 1y va kha nang thich ng v&i dit liéu ludng lién tuc thay d6i, déong thoi tiét kiém bd nhé va tai nguyén tinh
toan.

Cac cong trinh trén khong chi mé& rong kha ning (rng dung trong thuc tién ma con dit nén tng cho cac nghién
ctu tiép theo trong linh virc khai phd di liéu. Tir nhitng nghién cru nay ching tdi ti€p tuc phat trién khai thac
tAp phd bién tr di liéu ludng dwa trén thuit toan di truyén két hgp véi ma hoa bit va xir Iy song song gitp cai
thién hiéu suit va do chinh xac.

I11. KHAI NIEM VA PINH NGHiIA

A.  KHAINIEM
Mot CSDL giao dich D chita cac giao dich, D = {T3, Ty, ..., Tn}, trong d6 n 1a téng s6 cac giao dich trong CSDL. Bang
1 thé hién vi du vé CSDL giao dich, Bang 2 thé hién 4nh xa tir Bang 1 sang dang bit. Vi du: Tz = {2, 4, 1, 5} thi &
giao dich T2 & Bang 2 tai nhirng vi tri {1, 2,4, 5} bac1én1a 1, con tai vi tri {3, 6} 1a 0, cu thé T.= {1, 1,0, 1, 1, 0}.

Bang 1. CSDL giao dich Bang 2. CSDL dang bit

Tia Itemset Tia Itemset

T, 2,4,6 T1 0j1(0|1}0]1
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T 2,41,5 T, 1{1(0]1]|1]0
T3 6,4,1,3 T3 110({1}1(0 |1
Ty 2,6,4,1 Ts 111{0(1(0|1
Ts 2,6,4,3 Ts 0j1(1|1]0]1
Ts 1,35 Te 110{1(0(1]|0
T7 2,3,5 T7 0j1(1|j0|1]0
Ts 1,4,6 Ts 110{0}]1(0|1

1. DU’ LIEU LUONG TRONG GIAO DICH

Dit liéu ludng giao dich 1a loai dit liéu phé bién trong thuc té. Dit liéu dang nay c6 thé thiy trong dir liéu ban
hang, dit liéu vé cac thao tac trén trang web, dit liéu thoi tiét, ... Trong do, sé lwong dit liéu 1a khong gidi han va
c6 thé tang trudng theo thoi gian. Mot 16 (batch) giao dich gom nhiéu giao dich. Mot ctra s6 (window) bao gom
nhiéu 16 giao dich. Hinh 1 1a mét vi du minh hoa vé dit liéu ludng giao dich. Trong d6, CSDL dwgc chia lam 416 c6
kich thwéc bang nhau va 2 cira s6. Mdi 16 bao gobm 2 giao dich. Méi ctra s6 gobm 3 16. Clra s6 W1 bao gom 16 By, B,
va Bs. Ctra s6 W2 bao gom 16 B, B3 va Bs.

Tid [temset
Wi - T1 0|1
(B1-B3) Bl{ T2
Ts
T Bz{ Ts
Ts
Ts
T7
B+ { Ts 11001

WZ L B3 {
(B2-Ba4)

ol |l ol | = rlo
| ol k| | a| R~
PRk ol R o
ol o ~r| ~r| ~r|+

ol R|l=| o o o ~|o
= oo R =l Rlo|l -

Hinh 1. Cita s6 ludng giao dich

2. TINH HAM THiCH NGHI

Khéi tao mot tip quan thé ngiu nhién ban d4u bao gdm nhiéu ca thé. Mai ca thé 1a mot chudi cac gene dai dién C..
Danh gia chit lwong clia mdi ca thé trong quan thé bing cach str dung mdt ham thich nghi. Tinh ham thich nghi
F_by, F_by, F_bs ctia 3 16 trong cira s6 Wi. Cu thé tinh F_b; ctia 16 B; bing tdng cla 2 giao dich trong mot 16 theo
thir tw cac bit {T, {0,1,0,1,0,1}and C1{0,1,0,0,1,0} =0} + {T. {1,1,0,1,1,0}and C: {0, 1, 0, 0,1, 0}=1} =1;
F b2={T5{1,0,1,1,0,1} and C; {0, 1,0,0,1, 0} = 0} + {T4{1,1,0,1,0, 1} and C: {0, 1,0, 0,1, 0}=0} =0; F_b3 = {Ts
{0,1,1,1,0,1} and C; {0, 1, 0, 0,1, 0} = 0} + {Te {1, 0, 1, 0, 1, 0} and C; {0, 1, 0, 0,1, 0}=0} =0. Ham thich nghi Fit
cia C; =Fb; + Fbz + Fb3 =1 + 0 + 0 = 1, twong tw tinh c4c ca thé con lai tir C, Cs, ..., Cs nhw & Bang 3. Sau do sdp
xép gidm din theo thir tw cia ham thich nghi & Bang 4. Khi tinh ham thich nghi cta 3 16 trong ctra s6 W, chiing
tdi thwe hién tinh song song F_by, F_b;, F_bs clia 3 16 trong clra s6 W1, Cu thé 1a tinh song song giita C; v&i By, C1
v&i By va Cq véi Bs. Twong tw nhw vay cho mdi ca thé Cy, Cs..., Cs.

Bang 3. CSDL tinh ham thich nghi

Tid [temset ‘ Ci Population F_b1 | Fbz | F bs | Fit
B: { T ojrjojrjojt BE oft1]ojol1]o|1 o |o |1
T2 1101109 I G tfofofof1]of1 [o [1 |2
B:{ 13 1 2 (1) i g i }/ Cs oloj1]olo]olo |1 [z |3
" T: A EAEEERE AR Ca ol1]o]1lo]o|2z |1 |1 |4
T o i o1 o } Cs olojoltlo|1|1 |2 |1 |4
5. { = —TTTo T Co ojo|1]|1|1]oflo |0 |o o
Ts 1700|101

Hinh 2. Ludng giao dich véi ctra s6 W1
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Bang 4. Ham thich nghi sau khi sdp xép gidm din

Ci Population F bl | F b2
C: 110 1

Cz
Cs
Cq
Cs
Ce

b3 | Fit

o| o ~r| o o ©
= o= = o o ©
o R R o R N

F_
1
1
2
1
0
0

R o o o Rr| -
o| o o o | ©
o Rr| N w| | &

00 2
01 1
00 0
110 0
01 0

Cho tap nhiém sic thé chro_exists = {C1, C2, C3, C4, Cs, Cs} va tap phd bién c6 dd hd tro bang 2 thi tip phd bién
frequent_set = {C4, C, C3, C4} theo Bang 4.

3. LAI GHEP

Lai ghép gitta hai nhiém sic thé lién quan dén sw két hop cac gen tir hai nguén khac nhau dé tao ra mét bd nhiém
sic thé méi voi cac dac diém mong mudn. Cu thé 13y cip nhiém sic thé Cz va Cs lai ghép v&i nhau nhw Hinh 3. Két
qua sau khi lai ghép & Hinh 4 bing cach dao 3bit danh d4u cta C; xuéng Cs va nguwoc lai. TAp nhiém sic thé cap
nhit méi 1a chro_exists = {C1, Cz, C3, C4, Cs, Ce, C25, Cs2} va frequen_set = {C1, Cz, C3, C4, C25, Cs2} th€ hién & Bang 5.

Cz 000|101 Cas o|0j0fJ0O|1]|0
Cs 0Oj1(0]J0|10 Cs2 o|1,0g1]0
Hinh 3. BY nhiém sdc thé trudc khi lai ghép Hinh 4. B nhiém sdc thé sau khi lai ghép

Bang 5. CSDL tinh ham thich nghi sau khi lai ghép gitta Css va Cs;

o
[ty

F_b2

o
w
ey
-

Gi Population
C1 0|1
Cz2
C3
Ca
Cs
Ce
Cz2s
Cs2

Rl ol r|r| o RN T
e R SIS R IS R e e

| Ol O RO O O
Ol R R R| =] O O ©
Ll =l E= =] =) =l -]

w| | o R, | w| e s

= O O O O R, N| =

ol O] Ol O Rr| O] O ©
O O R O] O R, O
| Ol R O O O -

4. POT BIEN

Dot bién 1a qua trinh thay d6i 1 hodc nhiéu gene trong mdt nhiém sic thé dé tao ra cac giai phap méi va da dang
hon, cu thé & day ching toi dot bién nhiém sic thé C4. Trwéc khi dot bién Cs = {1, 0, 0, 0, 1, 0}, néu dot bién vi tri
thr 3 tinh tir trai sang nghia 1a thay déi gia tri 0 thanh gi4 tri 1, vAy nhiém sic thé C4; sé1a {1,0, 1, 0, 1, 0} Bang 6.
Tap nhiém sic thé caAp nhat méi cho chro_exists = {Cy, Cz, C3, C4, Cs, Ce, C25, Cs2, C41} va tap pho bién frequen_set =
{Cl, Cy, C3, Cy4, Cys, Csz} thé hién (67 Bél’lg 6.
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Bang 6. CSDL tinh ham muc tiéu sau khi djt bién

bl b2 b3

e
-+

Ci Population
C1 0|1
C2
Cs
Cq
Cs
Ce
Czs
Cs2
Ca1

F_ F_ F_
2 1 1
1 2 1
0 1 2
1 0 1
1 0 0
0 0 0
1 0 1
1 1 1
0 0 1

R ol oo o r|lo| oo
ol | oo r| o oo -
| ol o Rl ool r|o

o|lr| o r| oo o~

Y =1 =Y =Y SN SN =) =Y )
ol | oo oo o r|lo
R w| N o R N W]

Chon loc quan thé médi véi pop_size = 6 thé hién & Bang 7. Trwot sang clra s6 (W) thi 2 Hinh 5, x6a 16 cii By,
thém vao 16 méi Bs, cap nhat lai bd nhiém sic thé chro_exists = {C1, Cz, C3, C4, Cs, Cs} va tAp phd bién frequen_set
= {C3, Cz, C3, C4, Cs, Ce}. Tiép tuc thao tac nhw clra s6 (W1)

Tia [temset Bang 7. Qudn thé méi véi do hé tro bang 2

T1 o|1|]0]1,0]1
B: { Tz 110110 Ci Population F.bl | F.b2 | F_b3 | Fit

Ts T10l1 1,01 C1 of1]o[1]o]0]|2 1 1 4
Bz { Ts 1]1lo]1]o|1 Cz olofof[1]ol1]1 2 1 4

Ts ojl1|1]1]0|1 C3 olol1]o]o]o]o 1 2 3
Bz {

Te 1({0|j1]0]1/|0 Ca oj1|]0(1]0(|1|1 1 1 3
o T, oj1[1]0]1]o0 Cs 1/0/o0]o0]1]0]1 0 1 2

.
Ta 1(0(0)1]0)1 Ce olofolo|1]l0]1 0 1 2

Hinh 5. Ludng giao dich véi ctka s6 W

B. DINH NGHIA [3]
Goil = {a,, ay, ..., a,,} 1a mét tip cac hang muc, va co sé dir liéu (CSDL) giao dich DB = (Ty, Ty, ..., T, ), trong d6
T; (i € (1..n)1a mot giao dich chtra mét tap cac hang muc trong I.

Pinh nghia 1. D6 hd tro dwoc dinh nghia 13 cadc hang muc dwoc tim thiy véi tn sudt t6i thiéu trong toan bo tap
dir liéu. P ho tro (hodc tin suit xuit hién) cia mdt miu A, trong d6 A 1a mot tp con cla I, 12 s6 lwgng giao dich
chtra A trong DB. Cong thirc (1) tinh d6 support nhu sau:

n(4)

support(4) = W

(1)

Trong d6: n(A) 1a sé lwgng giao dich chira A trong DB

Pinh nghia 2. Mgt tip phd bién 1a mot tAp muc dap tng ngwdng ho tro tdi thiéu. Mot mau A dwoc coi 1a phd
bién néu do6 hé tro ctia A khong nhé hon mot ngudng hd tro téi thiéu min_sup dwgc xac dinh trudc, € Cong thirc
(2) tinh tip phd bién nhw sau:

support(A) = €x |DB]| (2)

Pinh nghia 3. Ta c6 mot tidp mAu A 13 tp con cla L. D6i véi di liéu ludng, sir dung clra sb trwot, véi kich thwéc
clra s8 trwot 1a win_size, ta c6 support_count d€ xac dinh tap phé bién v&i cong thire tinh (3) la:

support_count(A) = (win_size * support(4)) (3)
Gid tri support_count cta thuit toan di truyén dwoc tinh theo céng thirc (4) nhu sau:

support_count_GA(A) = (win_size = support(A) * confidence(A)) (4)
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IV. KHAI THAC CAC TAP PHO BIEN DU’ LIEU LUONG VO'I THUAT GIAI DI TRUYEN

A. THUAT TOAN DPE XUAT:
1. THUAT TOAN GA-RUN.

Algorithm 1 genetic algorithm-Run

Input S6 thé hé generations, quén thé population, kich thuéc quan thé population_size, bo dit ligu vao
databitset, 36 ho trg support_count, tap pho bién frequent_itemsets_in
Output Cac tap pho bien frequent_itemsets_out

1. frequent_itemsets_out < frequent_itemsets_in

2. for generation < 0 to generations do

3 j<0

4 while j < population_size/3 do

5. if random.random() < crossover_probability then

6 parentl, parent2 < randomSelected(population)

7 child1, child2 « crossover(parentl, parent2, frequent_itemsets_out)
8. population. append(child1); population.append(child2)

0. end if

10. if random.random() < mutation_probability then

11. child_to_mutate < randomSelected(population)

12. mutated_child < mutate (child_to_mutate, frequent_itemsets_out)
13. population.append(mutated_child)

14. end if

15. je<j+1

16. end while

17. sorted_population < Sorted(population)

18. population « sorted_population[:population_size]

19. end for

20. Return frequent_itemsets_out

Dong 1: Gan gi4 tri chia tAp phé bién vao (frequent_itemsets_in) cho tAp phé bién ra (frequent_itemsets_out).
Dong 2: Lap s6 lwong thé hé 1a generations

Dong 3 dén 16: Lap vi s8 1an n= (population_size/3).

Dong 5: Néu con s& phét sinh ngdu nhién nhé hon ngudng xac suit lai ghép crossover_probability thi.

Dong 6: Chon ngau nhién 2 c4 thé cha me dé lai ghép.

Dong 7: Thuc hién viéc lai ghép dé tao ra 2 ca thé con médi, néu 2 ca thé con 1a phd bién thi dwa vao tap phé bién
frequent_itemsets_out.

Dong 8: Pwa 2 ca thé con mi vira tao vao quan thé population.
Dong 10: Néu con s8 phat sinh ngiu nhién nhé hon ngudng xac suit dot bién mutation_probability thi.
Dong 11: Chon ngiu nhién 1 ca thé con trong quan thé.

Dong 12: Thuc hién viéc dot bién ca thé nay. Néu ca thé con vira dot bién 1a phd bién thi dwa vao tip phd bién
frequent_itemsets_out.

Dong 13: Pwa ¢4 thé con vira dot bién vao quén thé population.
Dong 17: Sip x€p quan thé theo dd thich nghi fitness cua tirng ca thé giam dan.
Dong 18: Sao chép quén thé cho Ian 13p tiép theo tir quan thé di dwoc sip sorted_population véi s6 lwong 1a
pop_size.
Dong 20: Tra vé két qua tim dwoc 1a tip phd bién frequent_itemsets_out.
2. THUAT TOAN GA_BSW_BP (GENETIC ALGORITHM WITH BATCH SLIDING WINDOW BIT PARALLEL).

Algorithm 2 GA_BSW_BP i ) ) ‘,
Input Dir liéu databitset, kich thudc quan thé population_size, s6 batch cia mot cta s6 trugt
batchNumberPerwindow, d6 ho trg support_count, kich thudc ciia moét 16 batch_size.
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Output Danh sach luu cac tap pho bién ciia mdi lan truot all_frequent_itemsets

all_frequent_itemsets « &
window_size <« batch_size * batchNumberPerwindow
window_data « &
i<0
for j « 0 to batchNumberPerwindow - 1 do
batch_data < databitset[i:i+batch_size]
i < i+ batch_size
window_data < window_data + batch_data
end for
10. population, frequen_sets <— InitPopulation_BitArray(population_size,window_data, support_count)
11. population, frequen_sets <— GA_obj.GA_Run()
12. all_frequent_itemsets < all_frequent_itemsets + frequen_sets
13. while i <=len(databitset) — batch_size do

OO N AW R

14. batch_data < databitset[i:i+batch_size]

15. i < i+ batch_size

16. window_data.pop(0)

17. window_data <~ window_data + batch_data

18. GA_obj.UpdatePopulation(batch_data)

19. population, frequen_sets <~ GA_obj.GA_Run()

20. all_frequent_itemsets <« all_frequent_itemsets + frequen_sets

21. end while
22. Return all_frequent_itemsets

Dong 1: Khéi tao danh sach tat ca cac tap phd bién 14 rong.

Dong 2: Tinh kich thwéc cia clra s trueot window_size.

Dong 3: Khéi tao window_data réng

Dong 4: gan i = 0, d€ duyét tir ddu databitset.

Dong 5 -> 9: Duyét s6 batch trong 1 cilra sd trwot, dé tao clra s trweot 1an dau tién.
Dong 6: Lay 1 14n s6 lwgng transaction (batch_size) gan cho batch_data.

Dong 7: tang i thém mot sd lwong 13 batch_size.

Dong 8: Thém batch_data vao cho window_data.

Dong 10: Khéi tao quan thé véi mbi ca thé 1a bitarray, dong thoi tinh fitness cia tirng ca thé véi phwong an tinh
toan song song.

Dong 11: Goi thwce thi ham GA_Run() véi hai két qua tra vé 1a population va frequen_sets.
Dong 12: Luu frequen_sets vao trong all_frequent_itemsets

Dong 13 -> 22: Thuc hién viéc 13p Ian lwot qua cac cira s6 truot tiép theo va thuc hién cac cdng viéc sau:
Dong 14: Poc mot batch_data méi.

Dong 15: Tang thém batc_size cho i.

Dong 16: X6a batch dau tién (cii) ra khoi ctra s6 truegt (window_data) dang xét.

Dong 17: Pwa batch méi thém vao sau clia ctra s§ trwot.

Dong 18: Cap nhét lai quan thé do batch_data m&i dwgc thém vao cira s6 truot.

Dong 19: Goi thwc thi ham GA_Run() véi hai két qua tra vé 1a population va frequen_sets.
Dong 20: Luu frequen_sets vao trong all_frequent_itemsets

Dong 22: Tra vé all_frequent_itemsets

B. ViDUMINH HOA:
[1] Cho mot CSDL giao dich:
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Bang 8. CSDL giao dich véi ldn truet thie nhdt

Tiq Itemset
T, 1246
T, 2
T3 6
Ty 2
Ts 2
1
2
1

Wk |w|ol

Te
T7
Ts
Giai thuit di truyén dwoc dé xuit sit dung nguwdng bao gom tip phé bién cha gidi thuit di truyén la
support_count = (kich thwéc clra sé trwgt * support * confidence). Cho kich thwéc civa s6 trwot win_size=5,
support=0.5 va confidence=0.6. Xét ctra s8 trwgt dau tién tir T; dén Ts. Ta c6: support_count la: 5 * 0.5 * 0.6=1.5.

4,1
4,1
6, 4
6, 4
3,5
3,5
4,6

Khi tirng giao dich dwoc xir 1y, s& dwoc ghi nhan s6 1an xuat hién ctia mdi hang muc (item) trong cac giao dich, va
nhitng hang muc khéng dap rng ngudng support count t6i thiéu sé bi loai bo. Trong vi du nay, Muc 5 bi loai bo
khong dwa vao trong viéc khoi tao gene. Véi sd lLro'ng hang muc (1tem) trng vién anh xa trong bo dit liéu cla ctra
s6 truot nay 13 nam, buéc dau tién 12 tao mot quan thé ngiu nhién gom 26 -1 hodc 16 ca thé, mdi ca thé c6 5
gene va moi gene anh xa t&i mot trong cac muc cé thé co.

Mot s6 ca thé dwoc trinh bay trong Bang 9, véi cac &ng vién anh xa [1, 2, 3, 4, 6] cho lan trwot thit nhit nhw hinh
& Bang 8.

Bang 9. Vi du vé thudt todn di truyén

Gdm . X z Y S A rr
Cié | imgoien | trasy | Chonloc @8 (g | DODiRCEE| g | DG thich
(1) inh xa J NP 5) % 9
@) (3) (4) (6) (8)
[01101] | [2 3.6] 1 Cé thé 2.3 [01001] [01001] [2, 6] 3
Conl
[10010]
[00011] [4, 6] 4 Cé thé 2.3 [(1:%?]12] Khong cogen |  [1, 4] 3
dot bién
[00011]

Khong lai ghép.
Xac suét khong
[11000] [1,2] 2 Cathé 2,4 | vuot qua ngudng, [00011] [4, 6] 4
ca thé 2 duoc
chuyén sang thé hé
tiép theo

[01010]
Khong lai ghép.
Xac suat khong [01010]
[01010] [2, 4] 4 Cathé 2,4 | vuot qua ngudng, | Khdng co gen [2, 4] 4

ca thé 4 dugc dot bién
chuyén sang thé hé
tiép theo

Trong Bang 9, cot 1 (ca thé) biéu dién quan thé ban dau dwoc khéi tao gdm 4 c4 thé {01101, 00011, 11000,
01010} bang cach phat sinh ngiu nhién 1 hodc 0, véi 1 1a muc 4nh xa twong tng c6 xuat hién, 0 thi ngwoc lai. Cot
2 gbm cac muc twong &ng véi sd 1 bén cot 1. Cot 3 tinh support cha tirng ca thé & cot 1 véi lan lwot cic gia tri la:
1, 4, 2, 4. V&i support_count = 1.5 vira tinh & trén thi ca thé dau tién bi loai. Ta con lai 3 c4 thé thi hai, ba va tu.
Cot 4 sau khi chon loc 3 c4 thé con lai, ta lai ghép cac cap nhu sau: 2-3, 2-4. Viéc lai ghép ciing dwoc chon ngau
nhién va theo xac suit lai ghép cho trwdc. Néu khong virgt ngudng xac suat thi khong lai ghép. Cot (5) biéu dién
cac cé thé con da lai ghép hodc cac quan thé trudc dé. Cot (6) biéu dién viéc dot bién ca thé méi véi xac suat dot
bién cho truéc va thwe hién twong tw nhw lai ghép. Cot (7) thé hién cdc muc dnh xa twong Gng nhw cdt 2. Cot (8)
tinh support nhw cot (3).
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Qua trinh trén dwoc ldp lai cho dén khi dat dwoc mét diéu kién dirng nao do6. Piéu kién dirng nay bao gém sé thé
hé t6i da hodc mot diéu kién vé su thich nghi. Thudng sé xac dinh trwdc s6 1an 1ap (s6 thé hé). Ta ghi nhin dwoc
céc tAp phd bién cho lan trwet thit nhit nay.

Tiép theo, ta trwgt ctra s6 cho lan trwot thi hai véi batch = 3. Bang 10 minh hoa clra s trweot Ian hai nhw sau:

Bang 10. CSDL védi ldn trwot thiv hai

Tiq Itemset
T, 2,4,6
T, 2,4,1,5
Ts 6,4,1,3
Ty 2,6,4,1
Ts 2,6,4,3
Te 1,35
T, 2,3,5
Tg 1,4,6

Thuc hién thuit todn di truyén twong tw nhuw lan trwot clra s6 thi nhit, ta cling thu hoach dwoc cac tip phd bién
cta dir liéu trong ctra s6 nay.

Bai bao nay, ching téi chi c6 tao ra cac tip phd bién, khong hién thi cac luat két hop.

V. PANH GIA THU’C NGHIEM

Cac thtt nghiém dwoc thwce hién trén may tinh CPU 2.90 GHz, 4 nhin va 32 GB bd nhé chay trén hé diéu hanh
Microsoft Windows 10 64-bit. Chwong trinh dwoc viét véi ngdén ngir 14p trinh Python, méi trwdng cai dit IDLE
(Python 3.11 64-bit). V&i cac bo dir liéu & bang 11.

Bdng 11. Tdp cdc b¢ dir liéu

Dataset S0 lwgng bit > lt;rirrllrt]rung S0 dong transactsign/batch
OnlineRetail 2603 4 540455 32000/64000
Chess 75 37 3196 190/380
Accidents 468 33 340183 20000/40000
Mushroom 128 23 8416 500/1000

DAu tién, bai bao tién hanh so sdnh hiéu qua vé mat thoi gian thyc hién cla thuit todn dé xuit (GA_BSW_BP) véi
thuit toan GA_BSW [3] va thuit todn T_Apriori [11] trén bd dit liéu Mushroom v&i kich thwéc cira s6 truot khac
nhau bing cich thay ddi s6 16 trong mot cira s6 va sd giao dich trong mot 16. Hinh 6 cho thiy sy khac nhau vé
kich thwéc ciia clra s6 v&i s6 lwong 16 tir 2 dén 5. M&i thuat toan sé dwoc thuc hién véi kich thuwdc mbi 16 tiy theo
s6 lwong dong clia dataset thé hién & cot 5 clia bang 11. Gia tri ngwdng support_count dwoc chon 1a 0.25%. Cling
vGi cac tham s6 co ban cha thuit todn di truyén: s6 thé hé tdi da (generations) 1a 20, kich thwéc quin thé
(population_size) 1a 100, xac suit lai ghép 1a 0.8 va xac suit dot bién 1a 0.2. K&t qua thwc nghiém cho thdy ring
thuit todn GA_BSW_BP hiéu qua hon rat nhiéu so véi thuét toan T_Apriori va GA_BSW do khdng tén thoi gian
phat sinh cac tAp con cac (rng vién. Hoat ddng phat sinh miu dwoc thwc hién tryc tiép khi phat sinh quén thé cia
thuat toan dé xuit. K&t qua thwc nghiém ciing cho thdy rdng, khi s6 lwong giao dich trong mot 16 1a 500 s& tén
nhiéu thoi gian khai thac hon do phai thwc hién hoat déng khi trwgt sang cira s6 khac nhiéu 1an hon Hinh 6.

Tiép theo, bai bao thwc nghiém so sdnh vé bé nhé cia GA_BSW_BP, GA_BSW va T_Apriori trén bd dir liéu cia
mushroom. Két qua trong Hinh 7 thé hién GA_BSW_BP tiéu t6n it b nhé va 6n dinh hon do phét sinh mét sé
lwgng xac dinh quan thé va s6 thé hé ngay khi sé lwgng giao dich trong mot 16 1a 500 va 1000.
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Thoi gian

120
100
80
60
40 ———
20

thoi gian (gidy)

2 3 4 5
S6 batch trén mai ctra s6

e T_Apriori 500 e T_Apriori 1000 === GA_BSW 500
= GA_BSW 1000  ==GA_BSW_BP 500 ==——GA_BSW_BP 1000

Hinh 6. So sdnh thoi gian thwc hién & by dir liéu mushroom trén thudt todn T_Apriori, GA_BSW va GA_BSW_BP

B6 nhé tiéu ton

=)

S o3

o 0.6 /
=

<Q
m ———————

2 3 4 5
S6 batch trén madi ctra sO

e T _Apriori 500 e _Apriori 1000 === GA_BSW 500
e GA_BSW 1000  e====GA_BSW_BP 500 === GA_BSW_BP 1000

Hinh 7. Biéu dién by nhé tiéu thu & b di¥ liéu mushroom gitta T_Apriori, GA_LBSW va GA_BSW_BP

Thoi gian

1200.0

=
o
o
o
o

800.0

600.0 _:_ ; 2
400.0
2 3 4 5

thoi gian (gidy)

200.0
0.0

SO batch trén madi ctra so

=T _Apriori 20000 e===T_Apriori 40000 ====GA_BSW 20000
e (GA_BSW 40000 e (GA_BSW_BP 20000 ====GA_BSW_BP 40000

Hinh 8. So sdnh thoi gian thwc hién & bg div lidu Accidents trén thudt todn T_Apriori, GA_BSW va GA_BSW_BP
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B6 nh¢ tiéu ton

120.00
__100.00
80.00
5 60.00
40.00
20.00
0.00

(MB

nh

Nel

B

2 3 4 5
S& batch trén méi ctra s6

e==T_Apriori 20000 e====T_Apriori 40000  e====GA_BSW 20000
GA_BSW_BP 20000 === GA_BSW_BP 40000

——GA_BSW 40000
Hinh 9. Biéu dién b6 nhé tiéu thu & b dit liéu Accidents giita T_Apriori, GA_BSW va GA_BSW_BP
Thoi gian

120.0

[u=y
o
o
o

80.0
60.0
40.0
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2 3 4 5
S& batch trén moi ctra sO

=T Apriori 190 e===T_Apriori380 e==GA_BSW 190
e GA_BSW 380  e===GA_BSW_BP 190 ====GA_BSW_BP 380

Hinh 10. So sdnh thoi gian thuc hién & b dir liéu Chess trén thudt todn T_Apriori, GA_BSW va GA_BSW_BP

B6 nhé tiéu ton

100.00
= 80.00
Z 60.00

2

S 40.00

2 2000 —

0.00 -

2 3 4 5

S6 batch trén mai ctra sO

e===T Apriori 190 e====T Apriori380  e===GA_BSW 190
=——=GA_BSW380  ====GA_BSW_BP 190 ====GA_BSW_BP 380

Hinh 11. Biéu dién b6 nhé tiéu thu & bé dir liéu Chess gitta T_Apriori, GA_.BSW va GA_BSW_BP
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Ngoai bo dit liéu mushroom, bai nghién ctru ctia ching t6i con thwc hién trén bo trén bo dit liéu accidents & Hinh
8 va Hinh 9, chess & Hinh 10 va Hinh 11, va OnlineRetail & Hinh 12 va 13 déu cho thay tiéu tén it b nhé va thoi
gian chay cia GA_BSW_BP nhanh hon T_Apriori va GA_BSW.

Thoi gian
2000.0
f? 1500.0
28
g 1000.0
bD
S 5000 —
)
0.0
2 3 4 5
S& batch trén mbi ctra s
e T_Apriori 32000  e=====T_Apriori 64000 GA_BSW 32000
e GA_BSW 64000 e GA_BSW_BP 32000 GA_BSW_BP 64000

Hinh 12. So sdnh thoi gian thwc hién & bg dir liéu OnlineRetail trén thudt todn T_Apriori, GA_.BSW va GA_BSW_BP

B6 nh¢ tiéu ton

Bo nhé (MB)
[E=N
o
o
[e]
o

2 3 4 5
S6 batch trén méi ctra s6

e==T_Apriori 32000 e====T_Apriori 64000 GA_BSW 32000
e GA_BSW 64000 === GA_BSW_BP 32000 GA_BSW_BP 64000

Hinh 13. Biéu dién by nhé tiéu thu & bg di liéu OnlineRetail gitta T_Apriori, GA_BSW va GA_BSW_BP

VI. KET LUAN

Bai bdo nay trinh bay mét nghién ciru vé khai thac tAp phé bién tir dir liéu ludng. Mot phwong phap st dung
thuit toan di truyén dwegc trinh bay va kham pha cdc mdi quan hé giira kich thwéc cira s6 trwot va cac rang budc
clia thuat toan di truyén. Do hd trg (Support) dwgc trinh bay dé tinh toan sé 1an xudt hién t8i thidu dé xac dinh
tap phd bién trong dit liéu ludng s dung ctra s6 truot.

Bai b4o da thwc hién hai ci tién x Iy song song dé thoi gian thwec thi ctia thuit todn nhanh hon. Thi nhit, thuit
toan di truyén c6 thé dwoc da ludng dé cho phép dong dir liéu ti€p tuc trong khi cac tAp pho bién dang dwoc tao
ra, bing cach xt ly tirng 16 (batch) vao tirng tiéu trinh. Thi hai, c6 thé song song héa ham thich nghi khi tinh
support_count clia tlrng &ng vién véi cac transactions trong clra s6 trugt. Ngodi ra con mét cai tién nira 1a dung
BitWise d€ thuit todn chay nhanh hon.
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Trong twong lai, cai tién thuit todn d€ ap dung vao tim tip hiru ich cao, tip hiru ich cao phé bién
(skyline_frequent_utility - SFU) vé&i cac rang budc khac nhau.
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MINING FREQUENT PATTERNS FROM DATA STREAMS USING A GENETIC
ALGORITHM WITH BIT REPRESENTATION AND PARALLEL PROCESSING
Pham Duc Thanh, Le Thi Minh Nguyen

In the age of big data, the ability to extract and get useful insights from streaming data is very important for
applications like real-time analytics, anomaly detection, and decision-making processes. This paper proposes a novel
approach to mine frequent patterns in a stream by using genetic algorithm, parallel processing, and bitwise operations.
The core of this method is to mainly employ Python’s ThreadPoolExecutor as a means of parallel processing to speed up
the calculations and efficiently manage large streams of data. The proposed algorithm employs a method using a sliding
window technique to dynamically retain and update frequent patterns when new data arrives. This approach method
maintains relevant analysis to recent data, and resolves the challenges posed by the transiency of data streams. By the
usage of bitwise operations in the genetic algorithm, this method optimizes the representation and manipulation of
frequent patterns, thus reducing computational costs and improving performance. ThreadPoolExecutor is utilized to
obtain parallel processing, this technique allows concurrently process multiple segments of the data stream. This
improvement not only speeds up the algorithm but also assures scalability and compatibility with high throughput data
environments. Experimental results demonstrate that in terms of both speed and accuracy, the proposed method
performs an outstanding result compared to traditional frequent pattern mining techniques, especially in scenarios
involving large and continuous data streams. The paper also provides a detailed discussion about the implementation
of design genetic algorithm, bitwise operations among others and a parallel processing framework. The paper also
provides extensive performance analysis, showcasing how efficient the solution is in real-world data stream scenarios.
The suggested methodology offers a new solution for real-time data stream mining, providing powerful solutions with
high applicability from continuous data streams.

Keyword — Frequent itemset, Stream data, Slide window, Mining association rules, Genetic algorithm (GA), Data mining,
Batch.
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