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TOM TAT— Khai thic tAp muc hitu ich cao (High-Utility Itemset Mining—HUIM) trong ludng di liéu thoi gian thwce 1a mot
thach thirc 16m do dic tinh v6 han, téc d6 cao va thay déi lién tuc. CAc phwong phap truyén thong dwa trén ngwéng hiru ich tdi
thiéu (minUtil) thwong gdp kho khian trong viéc lwra chon gia tri phit hop, dé dAn dén mat cac mau quan trong va chi phi tinh
toan cao. Bai bdo nay dé xuit mét phwong phap song song hoa giai thuat di truyén (GA) dé khai thac tip muc httu ich cao Top-
K trong luéng di liéu. Phwong phap két hop mé hinh ctra s6 trwot véi co ché song song hda qua trinh tinh todn ham thich nghi,
cho phép xtt ly dit lidu theo thdi gian thuc dong thei dam bao d6 chinh xac cao. Dit liéu dwoc biéu dién bing bitmap va bang
bam nhdm t8i wu str dung bd nhé va gidm danh gia 13p trong qua trinh tién héa. Thuc nghiém trén cac b dit liéu chuin (Retail,
Mushroom, Chess, Accidents) cho thy phwong phap dé xuit cai thién dang ké thoi gian thwc thi, hiéu qua bd nhé va kha ning
mé rong so voi thuat todn GA tuin tw va cac thuat todn HUIM hién c6. Két qua nghién ctru khing dinh tiém ning clia GA song
song hoa trong khai pha dit liéu hitu ich quy md lén va thoi gian thyec.

Tir khéa—Xkhai thac tip muc hiru ich cao, top-k, ludng dir liéu, giai thuit di truyén song song hoa, thoi gian thuce, bitmap, bang
bam, ctra s6 trwot, khai pha dit liéu 1on.

I. GIO'l THIEU

Trong ky nguyén sé hién nay, sw bung né dit liéu tir thwong mai dién tr, mang x4 hoi, Internet of Things (IoT) va
cac hé thdng gidm sat da tao ra nhirng thach thirc 1&n cho viéc khai thac tri thirc. Dit liéu thwdong dén dwdi dang
lubng (data streams) véi dac trwng vo han, tdc do cao, bién ddi lién tuc va yéu ciu xt ly theo thoi gian thuwe [1],
khién céc thuit todn khai pha dit liéu truyén thong tré nén khong pht hop.

Khai thac tap muc hitu ich cao (High-Utility Itemset Mining- HUIM) di dwoc phat trién dé phat hién cAc mau dua
trén ca tan sudt 1an gia tri utility [2, 3]. Cac thuat todn HUIM truyén théng nhw IHUP, UP-Tree, HUI-Miner [1, 2, 3]
thuong yéu cau thiét 1ap minUtil- mot bai toan khé vi néu dit qua cao sé bo sé6t miu quan trong, néu dit qua thap
sé tao qua nhiéu &rng vién [4, 5]. CAc phwong phap cho ludng dit liéu nhw SOHUPDS, HUIM-Stream, EGUI-tree [6,
7, 8] van tiéu t6n nhiéu bd nhé do trung 13p dir lidu [9].

Céac phwong phap Top-K HUIM [10, 11, 12] loai bé nhu céu thiét 14p minUtil bang cach tim truc tiép K tdp muc c
d6 hitu ich cao nhat. Cac thuat toan exact nhw TKU, TKO, TKU-CE [4, 5, 11] vAn gdp han ché vé thoi gian xt ly. GA
ndi bit nho kha nang tim kiém toan cuc hiéu qua, véi nghién ciru cia Luna va cong sw [10] chirng minh GA vuot
troi hon nhiéu thuat todn exact va heuristic. Cc cai tién tiép theo [13, 14, 15, 11, 12] tiép tuc khing dinh tiém
nang cda GA.

Tuy nhién, cac nghién ctiru vé GA cho HUIM méi chi tip trung vao dit liéu tinh va xi 1y tuin tw, chwa tin dung kién
tric da 16i. Cac khoang trong nghién ctru bao gom: (i) thi€u song song hoa; (ii) han ché xir Iy luéng thoi gian thuc;
(iii) thiéu t&i wu bd nhé bing bitmap va bang bam [13, 14, 15, 16].

Bai bdo nay dé xuit phwong phdp Parallel Top-K HUIM for Data Streams using Genetic Algorithm
(PTKHUIM_DS_GA) két hop: (i) clra s trwgt xir Iy ludng dir liéu theo batch; (ii) bitmap va bang bam giam bd nhd;
(iii) GA v6&i khéi tao théng minh va todn tir tién héa t6i wu; (iv) song song héa ham thich nghi bing
ProcessPoolExecutor; (v) co ché caching tranh danh gia 1ap lai.

Dbong gbép chinh bao gom: (i) dé xuit GA song song héa diu tién cho Top-K HUIM trén ludng dir liéu; (ii) két hop
clra s6 trigt véi bitmap va bang bam t6i wu b nhé; (iii) song song héa ham thich nghi bing ProcessPoolExecutor;
(iv) thwc nghiém trén bén bo dit liéu chudn chirng minh cai thién thoi gian 20-35% va gidm bo nhé 15-25%; (v)
phén tich &nh huéng tham s6 tao co s& cdu hinh ti wu.

Bai bao dwoc t6 chirc: Muc 11 trinh bay nghién ctu lién quan; Muc III gi¢i thiéu dinh nghia co sé&; Muc IV mo ta
phwong phap PTKHUIM_DS_GA; Muc V trinh bay két qua thwc nghiém; Muc VI dwa ra két luin va hwéng nghién
ctru tiép theo.

II. NGHIEN CU’U LIEN QUAN

Nhuw di trinh bay & Muc I, HUIM 1a mdt linh vec quan trong trong khai phda dir liéu. Trong nhiéu ndm qua, da c6
nhiéu huwéng nghién cru khac nhau, cé thé phan thanh ba nhanh chinh: (1) HUIM truyén théng va Top-K HUIM,
(2) HUIM trén ludng dir liéu, va (3) HUIM dwa trén GA.

A. HUIM TRUYEN THONG VA TOP-K HUIM
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C4ac thuat todn HUIM ban dau nhw IHUP [1], UP-Tree [2] hay HUI-Miner [3] cht yéu xir Iy trén tip dit liéu tinh, dwa
trén ciu tric ciy hodc danh sach dé tinh toan utility. Tuy nhién, cac thuit todn nay thuwong phai quét dir liéu nhiéu
13n va tiéu tén bd nhé dang ké, dic biét khi 4p dung cho dit liéu 16n [10, 12]. Ngoai ra, viéc lwa chon minUtil phu
hop luon la mot thach thie [11].

Dé khic phuc, nhiéu thuat toan Top-K HUIM d3 dugc phat trién, chang han nhw TKU, TKO, TKU-CE, TKU-CE+ [4,
5, 11] cho phép khai thac truc tiép K tip muc hitu ich cao nhat ma khong cAn minUtil. Tuy nhién, cdc phwong phap
chinh xac nay van gip han ché vé thai gian xir ly va kha nang mé rong khi 4p dung cho tap dit liéu day dic.

B. HUIM TREN LUONG DU LIEU

Khi dit liéu chuyén tir dang tinh sang luéng dir liéu thoi gian thwe, cac thuit todn HUIM truyén théng khong con
phl hop. M6t s6 phwong phap dwa trén cira s6 truot da dwgc dé xuat. Vi du, SOHUPDS khai thac HUIM bing phép
chiéu tip dir liéu trong mét pha [6], HUIM-Stream str dung ciu tric Ext-list d€ gidm chi phi tinh toan [7]. Ngoai ra,
céc tiép cin khac nhw EGUI-tree [8] hay phwong phap dwa trén bang dit liéu lich st [9] cling dwoc dé xuit dé cai
thién hiéu nang.

Maic du vay, cac thuat toan HUIM trén luéng dit liéu van c6 nhitng han ché c¢d hitu: tiéu t6n nhiéu bd nhé do trung
lap dir liéu gitra cac ctra s8, can nhiéu lAn quét lai dit liéu, va c6 nguy co b soét cac tip muc hitu ich cao do tinh
heuristic [6].

C. HUIM DUA TREN GIAI THUAT DI TRUYEN

Trong so cac tiép cin heuristic, GA ndi bit nh¢ kha ning tim kiém toan cuc va thich &ng v&i khong gian tim kiém
phtrc tap. Luna va cdng sw [10] dé xudt mét phwong phap Top-K HUIM dwa trén GA vi chién lwoc khéi tao theo
Transaction Utility (TU) va cac todn ti¥ tién héa chuyén biét, dat hiéu qua vwot troi so véi nhiéu thuit todn exact
va heuristic. Bén canh d4, cic cai tién nhw GA v&i ranked mutation [13], m6 hinh GA dw doan cho closed HUIM
[14], va mé hinh tién héa hiéu qua cho closed HUIM [15] tiép tuc cho thiy tiém nang cha GA trong HUIM. Tuy
nhién, cic nghién ciru nay cht yéu 4p dung trén dir liéu tinh va xr Iy don ludng; viéc chwa khai thac dwoc sikc
manh song song héa cia GA vin 1a mot han ché 16n, dic biét trong bdi canh ludng dit liéu thoi gian thuc [17].

T cac nghién cttu lién quan c6 thé rut ra ring: (i) HUIM truyén théng va Top-K HUIM con han ché vé kha ning
m& rong; (ii) cic phwong phap HUIM trén ludng dit liéu tén kém bd nhé va chwa 6n dinh; (iii) cic nghién ctu dwa
trén GA m&i chi tp trung vao dit liéu tinh, chwa tin dung tinh toan song song. Nhitng khoang tréng nay cho thay
cin ¢6 mot hwéng ti€p cadn méi két hop wu diém cla GA véi co ché song song hoa d€ xt Iy hiéu qua bai todn Top-
K HUIM trong ludng dit liéu thoi gian thuce [16].

I1I. CAC PINH NGHIA VA KHAI NIEM

A. PINH NGHIA €O’ BAN
Cho I = {iy, iy, ..., i} 12 mOt tAp hop cac muc khac nhau, DS = {T}, T, ..., T, } 1a chudi giao dich, va méi giao dich
T; € DS la mot tp con cua I. Ham q(ik, 7}) dai dién cho d6 hitu ich r1~(f)i clia muc iy trong giao dich T, va p(iy) dai
dién cho do htru ich ngoai cia muc ij,. Trong md hinh ctra s6 trweot, moi ctva s6 Wy, = {By41, Bp+2, ..., By} bao gom
r batch, méi batch B, = {Tpl,sz, ...,Tps} bao gom s giao dich. Bang 1 minh hoa mot vi du vé tip giao dich va do
htru ich ngoai.
Dbinh nghia 1 (D6 hitu ich muc). B¢ hitu ich ctia muc i), trong giao dich T; dwgc tinh:

u(in T;) = q(i, Ty) X p i) €y,
Vidu:u(a,T;) =2x6 =12
Dinh nghia 2 (D0 hiru ich tdp muc trong giao dich). Do htru ich cia tdp muc X trong T;:

w(0T) = > (i) @)

ikEXnTj
Vidu:u({a,b},T1) =12 +21 =33
Dbinh nghia 3 (Transaction Utility- TU). D6 hitu ich cta giao dich T}:

(1) = ) u(ie ) 3)

ikETj
Vidu: TU(T1) = 12+21+15+45 =93
Pinh nghia 4 (Transaction-Weighted Utility- TWU). D6 hiru ich ctia tAp muc X trong ctra s6 W,
TWU(X,W,) = Z TU(T;) 4

XgTj/\TjEWb
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Vidu: TWU({a,d},W;) = TU(T;)+TU(T,) = 93+122 = 215
Bdng 1. Bdng giao dich va dg hiru ich ngoai (EU)

Béng giao dich b0 hiru ich ngoai (EU)
BID TID Items IU TU item EU
T1 a,b,de 2,3,3,5 93 a 6
B: T2 a,b,cde 3,3,4,5,2 122 b 7
Ts b,d, e f 3,354 113 c 10
T4 acefg 1,3,4,5,4 164 d 5
B Ts ceg 3,4,5 131 e 9
Ts a,bfg 3,2,2,3 87 f 8
T7 c,de 1,3,2 43 g 13
Bs Ts b,c e 3,1,5 76
Ty b,d, e g 3,4,5,6 164

B. TOP-K HIGH UTILITY ITEMSET MINING
Pinh nghia 5 (Top-K HUI). Mt tAp muc X trong clra s6 W}, 1a Top-K HUI néu khéng ton tai nhiéu hon K tip muc
khac cé dd hiru ich 16n hon TWU(X,Wp,).
Pac diém: (i) Khong cin ngwdng minUtil; (ii) K&t qua tric quan va dé st dung; (iii) C6 thé tra vé nhiéu hon K tap
muc néu c6 cic tip muc trung gia tri htru ich.
C. GIAI THUAT DI TRUYEN
GA 1a phwong phap tim kiém meta-heuristic dwa trén nguyén ly tién hda tw nhién véi cac thanh phén chinh:

i) Nhiém sic thé (Chromosome): Biéu dién gidi phap ng vién dwéi dang vector nhi phan

ii) Quan thé (Population): Tap hop cac nhiém sic thé

iii) Ham thich nghi (Fitness): Danh gia chit lwong giai phap

iv) Chon loc (Selection): Chon c4c ca thé tot d€ sinh san

v) Laighép (Crossover): Két hop hai ca thé tao ca thé méi (xac suit 0.7-0.9)

vi) Dot bién (Mutation): Thay ddi ngiu nhién tao da dang (xac suat 0.1-0.3)

IV. THUAT TOAN PE XUAT PTKHUIM_DS_GA

A. TONG QUAN

Luéng dir liéu

— Biis Btz Biis Brin Byin+1 —

I Thudt toan TKHUIM_GA_W
& I X a4 A
RID J Transactions | Ung v6i moi cira s6
BID ] Transactions ‘ {

BID Transactions

BID Transactions

B, {abde},{abe.de},ibde,f}

Déu ra ctia HUI tmg véi méi cira sé
]

I
I

Quét va tinh toan moi cira sd

SHUI

Hinh 1. Mé hinh ctra sé trwot xi Iy ludng div liéu thoi gian thuc
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Thuit toan PTKHUIM_DS_GA két hgp bdn thanh phian chinh: (i) mé hinh ctra s6 trwot xtr 1y ludng di liéu theo
batch; (ii) biéu dién dit liéu bing bitmap va bang bam t8i wu bo nhé; (iii) GA tim kiém Top-K HUI; (iv) xt¥ ly song
song ham thich nghi bing ProcessPoolExecutor. Hinh 1 minh hoa mé hinh ctra s6 trwot dwoc sir dung trong thuat
toan. Phwong phap dé xuit bao gom hai thuit toan chinh: Thuit toan 1 (TKHUIM_GA_W) x& ly mét ctra sd truot
c6 dinh, va Thuit toan 2 (PTKHUIM_DS_GA) xt 1y toan bd ludng dir liéu.

B. CAU TRUC DU LIEU

1. TRANSACTION
Mbi transaction dwoc biéu dién béi ba thanh phan:

i) Bitarray: Luu trit sw xuat hién clia cac item dwéi dang nhi phan. Vi du T, = {a,b,d,e} duoc biéu dién 1a
(1,1,0,1,1,0,0) v6i 7 item {a,b,c,d,e,f,g}.

ii) TU (Transaction Utility): Tdng gia tri hitu ich cta transaction. Vi du: TU(T;) = 93.
iii) Dict (Dictionary): Bang bam lwu cip item-utility cho cac item xu4t hién, tranh dit liéu thtra. Vi du: {a”:
12,'b: 21,'d": 15, ‘e”: 45}.
2. HAT GIONG (SEEDS)
Bang bam H Iwu trit hat gidng phuc vu hai muc dich: tao quan thé ban d4u va tranh tinh toan fitness lap lai.

Hat giong item: Key 1a s6 nguyén chuyén doi tir ky tw item, Value 1a TWU(X,W,,) v&i X ={item}. Vi du: item a (key=1)
c6 TWU la 54

Hat gidng itemset: Key 1a s6 nguyén chuyén d6i tir bitarray cua itemset, Value 12 TWU(X,W,). Vi du: bitarray
“1101100" (itemset {a, b, d, e}) twong ng key=108, value=93. Hinh 2 minh hoa c4u tric bang bam lwu trir SHUI.

Key(value) Evaluate SHUI
0 To Stnng Key(value) HUIs
80 {abc} (abdf
79 <100101> > 31 (acdef}
80 Bi tset <110101> | fitness(Xa,) X
fitness(x.:.) Bitset Bitset || Bitset |

Hinh 2. Bang bdm lwu trit SHUI
3. CA THE (CHROMOSOME)
Moi ca thé gom:
i) Bitarray: Biéu dién itemset, vi du (1,1,0,1,1,0,0) cho {a, b, d, e}.
ii) Fitness theo batch: f;_g,(C;, B,)- gi4 tri fitness ctia c4 thé trén ting batch.
iii) Fitness tong: f;_y, (C;, W,)- tong fitness trén toan bo ctra sé.
C. HAM THICH NGHI

Ham thich nghi dwgc thiét ké theo c4u tric phan cip ba mirc phit hgp véi md hinh cira sé truet: transaction —
batch — window.

DPinh nghia 6 (Fitness theo transaction). Véi C; € T,
LTy = Y (i) (5)
k:ikECiﬂTq
Nguwoclai f,(C;, T;) = 0. Vidu: f;(C;, T;) =12 + 21+15+45 =93
Pinh nghia 7 (Fitness theo batch)
fiCoBY = D fi(CuT,) ©)

TqeBp
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Pinh nghia 8 (Fitness theo ctra s8).

frn € W) = D £, (i B,) %

Baewy
D. XU’ LY SONG SONG
Quy trinh tinh fitness song song cho c4 thé C,, gobm ba giai doan:
i) Giai doan 1 (Map): Phan chia batch_data thanh cac segment:

len(batchygeq)
segments;,, = ———ae ®
Cpucount
ii) Giai doan 2 (Process): Sir dung ProcessPoolExecutor tinh fitness cta C,, song song trén tirng segment
Seg;, tra vé két qua re; tir mdi process.

iii) Giai doan 3 (Reduce): T6ng hgp két qua:

n

fitnessc, = Z re; 9
i=1
Quy trinh nay cho phép tan dung t8i da sé 16i CPU c6 sdn, giam dang ké thoi gian tinh toan fitness- thanh phan tén
nhiéu thoi gian nhit trong GA. Vi du, véi hé thdng 4 16i, batch_data dwoc chia thanh 4 segment xtt Iy dong thoi, sau
dé6 két qua dwoc téng hop lai, gitp ting toc gip gin 4 1an so v&i xir 1y tudn tu.

E. THUAT TOAN TKHUIM_GA.W

Thuit todn TKHUIM_GA_W Kkhai thac Top-K HUI trén mét ctra sd trwot c6 dinh sir dung GA véi ba toan tir chinh:
selection, crossover va mutation.

Y twérng chinh: Duy tri va cap nhat lién tuc tap Top-K itemsets qua qua trinh tién héa. Ban du, khéi tao Top-K tir
cac hat giéng item don 1é c6 utility cao nhat, thiét ldp ngwdng minU dwa trén phan ti thi K. Trong mdi thé hé, mé
rong quan thé bing lai ghép va dot bién, sir dung bang bam H dam bao tinh duy nhit. Cac c4 thé méi co fitness
>minU dwgc thém vao tap ng vién, sau dé cap nhit Top-K va diéu chinh minU. Thu4t todn dirng khi dat s6 thé hé
t6i da hodc khong cai thién trong 10 14n ldp lién ti€p. Hinh 3 trinh bay so d6 tong quat ciia thuit todn, va Thuit
toan (Algorithm 1) mé ta chi tiét cac budc thuwc hién.

Trinh bay két

P P=Kmaxitemset,
min_util = P[-1] qua
Lai ghép |« Chonlgc |« new_pop =1/2
pop Cap nhat
lai top-k
item co
r do hiru
ich cao
Dot bién trong P
Duyét
qua tirng
l item
trong
| Buavao | [new_pop: P khong thay ddi
new_pop Néu au 10 [an lién tiép
item.fit>=
min_util
thi dua
vao P

Hinh 3. So do thudt todn TKHUIM_GA_W

Algorithm 1 TKHUIM_GA_W (Top-K HUIM-GA for Window)
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1: Input: G (generations), Pop (population), N (pop size), Seeds (item seeds), K (topk), H (hash table)
2: Output: Tap hitu ich cao Top-K: P

3: P « TopK_Items_From_Seeds(Seeds, K); minU « P[-1].utility

4:forg=1toGdo

5: SubPop « Pop[: N/2]

6 while len(SubPop) < N do

7 p1, p2 « SelectParents(Pop)

8: c1, c2 « Crossover(pl,p2)

9 AddUniqueChromosome (SubPop, c1, H)
10: AddUniqueChromosome (SubPop, c2, H)
11: cm < Mutate (SelectChild (SubPop))

12: AddUniqueChromosome (SubPop, cm, H)

13: end while
14: NewPop « Sort (SubPop, descending by fitness)
15: for Ci in NewPop do

16: if Ci. fitness 2 minU and Ci not in P then
17: P «PU{Ci}

18: end if

19: end for

20: P «TopK_Itemsets (P, K); minU « P[-1].utility
21: Pop «NewPop

22: if no improvement for 10 iterations then break
23: end if

24: end for

25:return P

F. THUAT TOAN PTKHUIM_DS_GA

PTKHUIM_DS_GA mé& rong TKHUIM_GA_W @é xtt ly luéng dit liéu vo han theo thi gian thuc thdng qua md hinh
clra s trwot va song song héa tinh todn fitness. Thuét todn (Algorithm 2) mé ta chi tiét quy trinh x ly.

Quy trinh xtr ly:

(1) Khéi tao: Doc M batch d4u tién tao ctra s6 ban ddu cé kich thwéc W = B x M, xiy dung tir dién hat giong
SeedslS va Seedsl. Kh&i tao quan thé Pop tir cac hat gidng, goi Thuit todn 1 (TKHUIM_GA_W) tim tap Top-K dau
tién.

(2) Xt ly cira sé trwot: Khi c6 batch méi, thém vao cudi clra s§ va loai bo batch cli nhit & dau. Cap nhat cac tir
dién hat giéng ting/giam twong ng d€ phan dnh chinh x4c trang thai hién tai.

(3) Cap nhit quan thé va tién héa: Cip nhat quin thé dan din thay vi khai tao lai hoan toan, gitr lai cac ca thé
tot tlr clra sO trwdc. Sau mdi lan trwot clra s6, goi Thuat toan 1 tim tap Top-K méi va tich liiy vao Results.

Uu diém: X ly dit liéu theo thoi gian thue nho clra s6 trwot, t6i wu bd nhé bing cach chi duy tri dit liéu trong clra
s6 hién tai, ting téc do x& 1y thdng qua song song héa fitness, va tai st dung quin thé gitra cac clra s6 giup ting
tinh én dinh.

Algorithm 2 PTKHUIM_DS_GA (Parallel Top-K HUIM-GA for Streams)
1: Input: D (data stream), EU (external utility), B (batch size), M (batches per window), N (pop size)
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2: Output: Danh sach tdp htru ich cao Top-K: Results
3: W «BxM;SeedsIS «@; Seeds] « 0@

4: WD«@; Results «@; i <0

5: whilei <Wdo

6 BD«ReadBatch(D[i: i+B])

7 UpdateSeedDictionaries(BD, SeedsIS, Seedsl)
8: WD.append(BD); i « i+B

9: end while

10:

11: Pop,H « InitPopulation(N, WD, SeedsIS)

12: P « TKHUIM_GA_W (G, Pop, N, Seeds], K, H)

13: Results < ResultsUP

14: while i <len(D)- Bdo

15: BD«ReadBatch (D[i: i+B])

16: UpdateSeedDictionaries (BD, SeedsIS, Seedsl)
17: WD. append (BD)

18: BR<WD. pop (0)

19: RemoveFromSeedDictionaries (BR, SeedslS, Seedsl)
20: UpdatePopulation (Pop, BD, BR)

21: P «TKHUIM_GA_W (G, Pop, N, Seeds], K, H)
22: Results « ResultsUP; i « i+B

23: end while

24: return Results

G. Vi DU MINH HOA

Véi tap dit liéu ludng & Bang 1, s6 batch trén mdi ctra s6 trweot W, bang 2, va topk = 5.

Bwéc 1-2: Tinh u(i, T-) = q(i, T-) X p(i) va chuyén Items sang bitarray nhw Bang 2 va Bang 3:

Bdng 2. Sau khi tinh U(i,T)

BID | TID Items TU UG, 7)

1 a,b,de 93 | 12,21,15,45
B1 |2 a,b,cde 122 | 18,21,40,25,18

3 b,d, e f 113 | 21,15, 45,32

4 acefg 164 | 6,30,36,40,52
B2 |5 ceg 131 | 30,36, 65

6 a,bfg 87 18, 14, 16, 39

7 c,de 43 10, 15,18
B3 |8 b,c e 76 | 21,10,45

9 b,d, e g 164 | 21,20,45,78
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Bdng 3. Sau khi chuyén sang bitarray

Items U(i,T)
BID | TID TU
a|blc|d|e]|f]|g a|b|c|d]|e f | g
1 1 (1 (0|1 |1 |0]O 93112 |21 0|15(45| 0| O
B1 2 1 (1 (1|1 |1 |0]0 122|118 (21|40 | 25|18| 0| O
3 0 |1 |0 |1 |1 |10 113 | 0(21| 0]15|45|32| O
4 1 /0 |1 (0 |1 |1 |1 164 | 6| 0|30| 0| 36|40 |52
B2 5 0 |0 |1 |0 |1 |0 |1 131 0| 0|30| 0|36| 0|65
6 1 |1 (0 (0 [0 |1 |1 87118 14| 0| 0| 0|16 39

Bwérc 3: Sau khi duyét ctra s6 W1 (gom B1 va B2), c6 hat giéng item_units_dict nhw Bang 4:

Bdng 4. Biéu dién hat giéng item

Key | Value Key (sdp xép) Value
1(a) | 54 5 (e) 180
2b) |77 7 (2) 156
4(d) |55 3(0) 100
5(e) | 180 6 () 88
3(c) | 100 2 (b) 77
6(f) |88 4(d) 55
7(g) | 156 1(a) 54

Bwoérc 4: Khai tao két qua PO véi topk = 5 tir cac hat giong item c6 TWU cao nhat: e (180), g (156), ¢ (100), f (88),
b (77). Nguwdng min _util , = 77.

Bwdrc 5: Khéi tao quén thé véi pop_size = 12 nhw Bang 5.

Bdng 5. Qudn thé sau khi khdi tao, pop_size=12

Chrome Populations Fi1 Fi2 FIT

1) a|lb|lc|d|e|f|lg]| (9 (10) | (11)
C1 11|01 |1]|0|0O0 0 0 0
Cc2 1|11 1]|1]0]|0 0 0 0
C3 o(1(o0(1(1(1]0 0 0 0
C4 110101 ]1]|1 0 0 0
C5 ofof1(0|1|0]1 0 0 0
Cé6 11100 0]1]1 0 0 0
c7 110(0]1|0]|0]|0O 0 0 0
C8 o(1(1j0(1(1]0 0 0 0
c9 10|01 |0|1]0 0 0 0
C10 o(1(0(1|1|0]|0O0 0 0 0
C11 o100 |1|0]|1 0 0 0
C12 1{0|1|]0|0]|O0]1 0 0 0
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Buwérc 6: Tinh fitness cho tirng ca thé. Vi du véi C1 = {a,b,d,e} va W1, ap dung Pinh nghia 7 va 8: f;  (C;, W;) =
f11(C1:Bl) + f12 (Cl:Bz) =165

Bwdc 7-9: Sap xép population gidm dan theo FIT, 4p dung GA trén W;. Nhitng ca thé co fitness = min_util,,
duogc dwa vao P. Sap x&p lai P, chon topk phan ti va cdp nhat min_util,,;. Twong tw cho cac clra s6 ti€p theo.

V. THU'C NGHIEM
A. MOI TRUO'NG VA DU LIEU

Moéi trwong: CPU 2.90 GHz, 4 nhan, 32 GB RAM, Windows 10 64-bit, Python 3.11 v&i thw vién bitarray va
concurrent.futures.

Tap dir liéu: B6n bo dit liéu chuin tir SPMF repository véi déc tinh khac nhau (Bang 6): (i) Mushroom- nhé va
day dic (8,416 giao dich, 119 item, TB 23 item/giao dich); (ii) Chess- nhé va rit day dac (3,196 giao dich, 75 item,
TB 37 item/giao dich); (iii) Accidents- 1én va day dac (340,183 giao dich, 468 item, TB 34 item/giao dich); (iv)
Retail- 16m va thwa (88,162 giao dich, 16,470 item, TB 10 item/giao dich).

Bdng 6. Ddc tinh cdc bd dir liéu thuc nghiém

Dataset S6 giao dich Sd item TB item/giao dich
Mushroom 8,416 119 23
Chess 3,196 75 37
Accidents 340,183 468 34
Retail 88,162 16,470 10

B. CAI PAT THAM SO
Tham sé GA: population_size = 100, max_generations = 20, crossover_rate = 0.8, mutation_rate = 0.2, K = 40.

Tham sd cira sé trwot: Batch size va s6 batch dwoc diéu chinh theo kich thwéc tip dir liéu: Mushroom
(500/1000), Chess (190/380), Accidents (20,000/40,000), Retail (5,000/10,000). S6 batch thay d6i tir 2 dén 5.

Thuit toan so sanh: (i) TKHUIM-GA- GA tuin tw khong song song hda; (ii) HUIM_DS_GA- thuit toan heuristic don
gian dwa trén transaction utility. Phwong phap dé xuidt PTKHUIM_DS_GA (Thuit toan 2) dwgc trién khai véi day
du cac toi wu hda vé song song hda va ciu tric dir lidu.

C. KET QUA VA PHAN TICH

1. KET QUA TREN MUSHROOM

PTKHUIM_DS_GA vwot trdi vé ca thoi gian va bo nhé. Vi batch size 500, dat thoi gian 22-40 gidy (nhanh hon 35-
50% so v&i TKHUIM-GA: 34-60 gidy) va bd nhé 2.29-4.43 MB (thdp hon dang ké so véi TKHUIM-GA: 3.96-13.67
MB). Khi ting batch size 1én 1000, thi gian gidm xuéng 12-15.32 gidy so v&i 24.53-47.25 gidy cia TKHUIM-GA,
chirng té kha nidng mé réng t6t (Hinh 4).

a) Thai gian b) Bd nhd tiéu thu
12.5 1
& Z 10.0
= =
2 7]
(=] c
] o 5.0
2 @
E
2.5
10 T T T T T T T 0.0 -
2.0 25 3.0 35 4.0 45 5.0 2 3 4 5
54 batch trén mdi cla sd S8 batch trén mdi cia sd
—®— PTKHUIM_D5_GA 500 =& TKHUIM-GA 500 ¥ HUIM_D5_GA 500 B PTKHUIM_D5_GA 500 B TKHUIM-GA 500 = HUIM_DS_GA 500
PTKHUIM DS GA 1000 -4 TKHUIM-GA 1000 =% HUIM_DS GA 1000 =3 PTKHUIM DS GA 1000  EEE TKHUIM-GA 1000 EEEI HUIM DS GA 1000

Hinh 4. So sdnh a) thoi gian va b) b nhé tiéu thu trén Mushroom

2. KET QUA TREN ACCIDENTS

Trén bd dir liéu 1én (340,000+ giao dich), wu diém song song hda thé hién ré rét nhat. PTKHUIM_DS_GA véi batch
size 20,000 dat 256-505 giy (cai thién 35-52% so véi TKHUIM-GA: 570-1058 gidy) va bé nhé 28-166 MB (6n
dinh hon TKHUIM-GA: 75-258 MB). Vi batch size 40,000, hiéu qua tiép tuc ting: 197-272 gidy va 28-43 MB, trong
khi TKHUIM-GA can 605-1291 giay va 75-96 MB (Hinh 5).
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a) Thai gian b) B& nha tiéu thu
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Hinh 5. So sdnh a) thoi gian va b) b nh¢ tiéu thu trén Accidents

3. KET QUA TREN CHESS

Véi dic treng giao dich rat day dic (TB 37 item/giao dich), PTKHUIM_DS_GA v&i batch size 190 dat 14-35 gidy so
véi TKHUIM-GA (31-55 giday) va HUIM_DS_GA (21-37 gidy). Khi tang batch size 1én 380, thoi gian chi 7-9 giay,
trong khi TKHUIM-GA cén 21-42 gidy va HUIM_DS_GA can 11-14 gidy. V& bd nh, do dataset nhd, ca ba thu4t toan
déu du6i 8 MB, nhung PTKHUIM_DS_GA th4p nhét (1.23-2.44 MB) so véi TKHUIM-GA (2.19-7.42 MB) (Hinh 6)
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Hinh 6. So sdnh a) thoi gian va b) bé nhé tiéu thu trén Chess

4. KET QUA TREN RETAIL

Trén bo ditliéu 1én va thwa (88,162 giao dich, TB 10 item/giao dich), PTKHUIM_DS_GA v&i batch size 5,000 dat
72-674 gidy (cai thién 30-55% so v&i TKHUIM-GA: 160-952 gidy). V&i batch size 10,000, hiéu qua cai thién dang
ké: 192-287 gidy so vGi 589-1333 gidy ciia TKHUIM-GA (chénh léch gin 5 14n). Vé b6 nhé, PTKHUIM_DS_GA duy
tri 20-95 MB (6n dinh hon TKHUIM-GA: 42-148 MB), dic biét véi batch size 10,000 chi 20-45 MB (Hinh 7).

a) Thai gian b} B nhd tiéu thu
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Hinh 7. So sdnh a) thoi gian va b) bé nh¢ tiéu thu trén Retail

D. THAO LUAN

Két qua thwc nghiém cho thiy cac xu hwéng nhat quan:

Hiéu qua thoi gian: PTKHUIM_DS_GA vwot trdi nho song song héa, dic biét trén dit liéu 1ém (Accidents, Retail)
v&i mirc cai thién 35-50%. HUIM_DS_GA tuy nhanh hon nhwng khong dam bao chit lwgng két qua twong dwong
cac thuat toan exact.

Hiéu qua bo nhé: PTKHUIM_DS_GA tiéu ton it hon va 6n dinh hon TKHUIM GA nh¢& ba yéu td: bitmap va bang
bam hiéu qud, tranh sinh qua nhiéu rng vién khong cin thiét, va co ché lvu trir tai st dung fitness da tinh.
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Kha niang mé rong: Khi tang batch size, PTKHUIM_DS_GA duy tri 6n dinh cao hon cac thuat toan khéc, chirng té
kha nang xt ly dit liéu 1&n hiéu qua.

PO chinh xac: Cac tip hitu ich cao Top-K tim dwoc twong dwong véi cac thuit toan exact (TKU, TKO) trén cac tap
dir liéu nho, khing dinh song song héa khong 1am gidm chat lwgng nghiém ma chi cai thién hiéu ning tinh toan.

VI. KET LUAN

Bai bao di dé xuit phwong phap PTKHUIM_DS_GA cho bai to4n khai thac tip muc hitu ich cao Top-K trong ludng
dit liéu thoi gian thwe dwa trén GA song song héa. Phwong phap loai bo nhu ciu thiét 1ap minUtil thdng qua cach
ti€p can Top-K, két hop mé hinh clra s6 trwot véi biéu dién bitmap va bang bim dé t6i wu bo nhé, dong thoi song
song hoa tinh toan ham thich nghi bing ProcessPoolExecutor nham tin dung kién triic da 1i.

Két qua thuc nghiém trén bén bé dir liéu chuin (Mushroom, Chess, Accidents, Retail) chitng minh phwong phap
cai thién thoi gian thuce thi 20-35% va giam tiéu thu bd nhé 15-25% so v&i GA tudn tw, dong thoi dat do chinh xac
twong dwong cic thuit toan exact. Mac du phwong phip chdm hon mdt s thuét toin heuristic don gian do
overhead cla GA, nhung chit lwong két qué cao hon dang ké.

Hwéng phat trién tiép theo bao gom: (i) mé rong sang moi trweorng phan tan (Apache Spark, Hadoop) d€ xtt ly dir
liéu quy mo 1én hon; (ii) t6i wu tham sé GA theo cach thich nghi dwa trén dic trung dit liéu; (iii) trién khai trong
cac rng dung thyc t€ nhw hé théng goi y va phat hién gian 14n; (iv) so sanh véi cdc meta-heuristic khac (PSO, ACO,
Differential Evolution); (v) x( ly tinh bat dinh trong gia tri utility d€ ting tinh ¢ng dung thuec té.
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PARALLELIZATION OF TOP-K HIGH UTILITY ITEMSET MINING IN REAL-
TIME DATA STREAMS USING GENETIC ALGORITHM
Pham Duc Thanh, Le Thi Minh Nguyen, Tran Anh Duy, Tran Minh Thai

ABSTRACT— High-Utility Itemset Mining (HUIM) in real-time data streams is a challenging problem due to the infinite, high-
speed, and continuously evolving nature of data. Traditional approaches based on minimum utility thresholds (minUtil) often
face difficulties in parameter selection, which can lead to the loss of important patterns and high computational costs. This
paper addresses the problem by proposing a parallelized genetic algorithm for Top-K HUIM in data streams. The proposed
method integrates a sliding window model with parallelized fitness evaluation, enabling real-time processing while
maintaining high accuracy. Data are represented using bitmap and hash table structures to optimize memory usage and reduce
redundant evaluations during the evolutionary process. Experimental studies on benchmark datasets, including Retail,
Mushroom, Chess, and Accidents, demonstrate that the proposed approach significantly improves runtime, memory efficiency,
and scalability compared to sequential GA and existing HUIM methods. These results highlight the potential of parallelized
genetic algorithms as an effective solution for large-scale and real-time utility mining tasks.

Keywords — high-utility itemset mining; top-k itemsets; data streams; parallelized genetic algorithm; real-time mining;
bitmap; hash table; sliding window; large-scale data mining.
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