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Tom tit:

Khai thac mau tuin tw lgi ich cao déu din (RHUSP) trén dir liéu ting truwéng ddi mit véi thach thire
16n trong v1ec can béng giira hiéu sudt tinh toan va do chinh xac. Cac thuat toan hién tai sir dung ty 1¢
vung dém cd dinh (x) thwong gap han ché: gia tri u thap gay lang phi tai nguyén b nhé, trong khi u
cao din dén rii ro bé s6t cac miu quan trong. Bai bao nay dé xuit thuat toan Adaptlve RIncHusp véi
chién lwgee ving dém thich nghi, cho phép tw dong dleu chinh tham sb u tai moi 16 dir liéu cap nhét.
Phuwong phap nay tich hop ba quy tac suy dién bd tro gom ty 1€ loi ich, d9 kho ngu'(mg va toe do tang
truéng, két hop véi ham rii ro dd nhay cao (f (x)=x"%) dé phat hién sém cac bién dong dir liéu. Thue
nghiém trén 5 tip dir li¢u chuin chimg minh Adaptive-RIncHusp nhanh hon 8-15% va tiét kiém
20-40% b nhé so véi chién lwge co dinh an toan (u=0.4) ma vin duy tri d phii trén 97%. Pong thoi,
thuit toan dat toc do twong dwong véi chién lwgc cd dinh tich cwe (£=0.9) nhung khic phuc hoan toan
van dé mat maiu, khing dinh tinh hiéu qua trong méi truwong dir liéu bién dong.

Tir khéa: Khai thac dir li¢u, miu tuén ty lgi ich cao, miu déu din, khai thic ting truéng, ving dém
thich nghi, tinh chinh tham s6 dfng
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Abstract:

Regular High-Utility Sequential Pattern Mining (RHUSP) from incremental databases poses a
significant challenge in balancing computational efficiency and accuracy. Current algorithms
using a fixed buffer ratio («) often suffer from limitations: a low u value results in wasted memory
resources, while a high u carries the risk of missing important patterns. This paper proposes
Adaptive-RIncHusp, an algorithm featuring an adaptive buffer strategy that automatically adjusts
the parameter u for each data batch update. The method integrates three complementary heuristics:
utility Ratio, Threshold difficulty, and growth rate, combined with a high-sensitivity risk function
(f (x)=x"%) for early detection of data fluctuations. Experiments on 5 benchmark datasets demonstrate
that Adaptive-RIncHusp is 8-15% faster and saves 20-40% memory compared to the conservative
fixed strategy (u=0.4) while maintaining recall > 97%. Furthermore, the algorithm achieves speeds
comparable to the aggressive fixed strategy (#=0.9) while completely eliminating pattern loss,
confirming its effectiveness in volatile data environments.
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I. Gigi thiéu

Khai thdc mau tuan tuw loi ich cao déu din
(Regular High-Utility Sequential Patterns -
RHUSP) la moét bai todn quan trong trong linh
vuc khai thac dir liéu, véi nhiéu tng dung thyc té
trong phan tich hanh vi khach hang, dy doan xu
hwéng thi trwong, va hé thong khuyén nghi [1, 2].
Khac v&i khai thac mAu tudn tw thong thwong chi
dwa trén tin suit xuat hién, RHUSP xem xét dong
thoi ba yéu té quan trong: (i) thé tw thoi gian ctua
cac sw kién, (ii) gia tri lgi ich (utility) cia moi
mau phan 4anh loi nhuén thuc té va (iii) tinh déu
dan (regularity) do lwong sw 6n dinh xuét hién
clia mau trong toan b co s& dit liéu [3].

1.1. Vin @é va théach thire

Trong moi treong div liéu tang trwedng lién tuc
nhw thwong mai dién t, mang xa hoi va loT, viéc
khai thac lai toan b6 co s& dit liéu sau mdi lan
cip nhit 1a khong kha thi vé mit tinh todn. Cac
thuat toan khai thac tang truéng (incremental
mining) hién dai gidi quyét vdn dé nay bang k§y
thuat luu dém (buffering): luvu trit cAc mau ban
loi ich (Semi-High-Utility Sequences - SHS), tic
nhitng mau chwa da diéu kién 1 loi ich cao (High-
Utility) nhwng c6 tiém nang tré thanh lgi ich cao
sau cac ln cip nhét tiép theo.

Tham s6 quan trong nhit cda ky thuat lwu
dém la ty 1é vung dém yu (véi 0<up< 1), quyét
dinh ngwdng dé mot mau dwoc lwu triv. Mot mau
P duwoc lvu dém néu u(P)=uxminUtility va
reg(P)<émaxReg. Tuy nhién, cdc phwong phap
hién tai [4] s dung gi4 tri u c¢d dinh trong sudt
qué trinh khai thac, dAn dén hai vdn dé nghiém
trong.

Vin dé 1 (Co ché vung dém c6 chon loc -
Conservative): Néu u thip (vi du: 0.4), quéa nhiéu
SHS dwoc lwu triv. Diéu nay dadm bao do phu
(recall) t6i da nhung giy ton kém bo nhé (ting
40-60%) va thoi gian tinh todn do phai x ly
nhiéu mau khong cin thiét.

Vén dé 2 (Co ché dém tich cuwc - Aggressive):
Né&u u cao (vi du: 0.9), rat it SHS dwoc lwu trir, tiét
kiém tai nguyén nhung dan dé€n mat mau thuc
(false negatives) nghiém trong khi dit liéu tang
trwdng khong dong déu.

Thuec té, khong ton tai mét gid tri u c6 dinh
t6i wu cho moi tip dit liéu va moi giai doan ting
trwdng. Cac yéu to anh hwéongbao gom: kich thuéc
16 dit liéu méi (JASD |) so voi co s& dit liéu hién
tai, phan phdi loi ich (utility distribution) trong
16 méi, mic d6 thay déi cia ngwdéng minUtility
(ting, gidm, d6t ngdt hay &n dinh) va dic diém di
liéu (day dac/thwa, phan bé déu/léch).

1.2. Dong gop chinh

D€ gidi quyét van dé sw danh doi gilra toc
do va do chinh xac trong khai thac tang truwdng
RHUSP, bai bio nay dé xuit Adaptive-RIncHusp
v&i chién lwgce viing dém thich nghi. Cac déng gép
chinh bao gom:

Deé xuit ba quy tic suy dién (heuristic) b6 tro
dé tinh todn u thich nghi. Quy tic Ty Ié loi ich
(utility ratio) do ty 1€ loi ich cta 1o dit liéu méi
so v&i tong loi ich hién tai, phat hién cac 16 co6
tac dong 16m. Quy tac do kho ngudng (threshold
Difficulty) danh gia mirc do thay déi clia ngudng
minUtility, phan anh d6 kho cda bai toan. Quy
tdc Téc dd ting trudng (growth rate) do toc do
tang truwdng cla co s& dir liu, toi wu héa hiéu
suat tinh toan.

Thiét k& ham rii ro véi dd nhay cao, st dung
f(x) = x0.25 thay vi tuyén tinh dé phat hién sém
cac thay d6i nhé trong div liéu, cho phép thuit
toan phan tng kip thoi.

Dé xuit chién lwgc két hogp (COMBINED)
v&i co ché an toan, 1ay gia tri u nhd nhat tir ba
heuristic, ddm bo lvu dém di miu trong moi
trweong hop bién.

1.3. B6 cuc bai bdo

Phan con lai cia bai bao dwoc td chirc nhw sau:
Muc 2 trinh bay bang tém tit cac ky hiéu duoc
dung trong bai bdo. Muc 3 trinh bay nghién ctru
lién quan vé khai thadc mAu tuan tw va cdc phwong
phap tang trwdng. Muc 4 gi¢i thiéu cac dinh nghia
hinh thirc, tinh chat Iy thuyét va phat biéu bai
toan. Muc 5 mo ta chi tiét thuit toan Adaptive-
RIncHusp v&i ba heuristic thich nghi. Muc 6
trinh bay thiét ké thwc nghiém, két qua danh gia
va phan tich so sanh. Cudi cung, muc 7 tom tat
cac két qua chinh va dé xuat huwéng nghién ctru
twong lai.
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2. KY HIEU VA THUAT NGU
Bang 1 tom tat cac ky hiéu duwgc st dung trong
ndi dung cda bai bao.

Bang 1. Bang ky hiéu.

Ky hiéu Y nghia
Dit liéu va Mdu
D Co 53 dit liéu hién tai
Dy Co s6 dit liéu ban dau
AD L6 dit liéu tang trudng
D S6 Iugng chudi trong co s¢ dit lidu
IAD|  Kich thudc 16 di lidu
I Tap tit ca cdc muc (items)
HS Tip mau tudn ty 1gi ich cao
SHS Tap miu tudn tu ban 1gi ich
Loi ich va Ngudng
U(D) Téng 1gi ich clia co s6 dif liéu D
U(AD)  Tong lgi ich cta 16 AD
u(P,S) Lai ich ctia mAu P trong chudi §
u(P) Téng i ich clia miu P
9 Ngudng minUtility (t§ 18 %)
Oabs Ngudng minUtility tuyét ddi (= 6 x U(D))
T Ngudng vung dém (= g X 0,4ps)
o Ngudng maxRegularity (ty 18 %)
Pabs Ngudng maxRegularity tuyét déi (= p x |D|)
Ving dém
u Ti 1€ vung dém (buffer ratio)
Hinit Gia trj khéi tao cla u
Mmin> Mmax ~ Pham vi cta g (mac dinh: [0.4, 0.9])
Ha Ti 1& vung dém thich nghi (COMBINED)
Iy Ti 1€ ving dém dya trén Ty 1€ Igi ich
Up Ti 1€ ving dém dya trén D9 khé ngudng
Hg Ti 1¢ ving dém dua trén Toc do ting trudng
Ty I¢ va Hé 56
Fu Ty 1€ 1gi ich: U(AD)/U(D)
I'g Ty 1€ tang trudng: |AD|/|D|
fusfor fe HE sb rti ro (risk factors) tir 3 heuristic
Ham
R(x,l,h)  Ham rdi ro: HighSensitivityRisk(x, [, i)
3. NGHIEN CUU LIEN QUAN

Sw phat trién cta linh vuc khai thac dir liéu
trong nhitng ndm gin day chirng kién sy chuyén
dich manh mé ttr cac k§ thuat khai thac tinh sang
cac phwong phap thich nghi (adaptive), nham
dap tng yéu ciu xtr Iy dir liéu dong va dir liéu tang
trwedng. Phan nay téng quan cac tién bo cot 16i
trong khai thac mAu tuan tw loi ich cao (HUSPM)
va cac chién lwoc cap nhat dir liéu hién dai dé€ lam

ro boi canh ra doi ca thuat todn dé xut.
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3.1. Tir khai thdc vét can dén khai thdic c6 muc
tiéu

Cac thuat toan khai thac mau tudn tw (SPM)
truyén thong nhw PrefixSpan [5] hay GSP [6]
thwong d6i mit véi han ché 1én 1a sinh ra sé
lwvong mau khéng 16 nhung thifu gia tri thuc
tién. D€ khic phuc diéu nay, HUSPM ra doi véi
muc tiéu tich hop do do lgi ich (utility) vao qua
trinh khai thac. Theo bai khao sat toan dién ciaR.
Zhang va cs [7], xu hwéng cha dao cia cac thudt
toan HUSPM hién dai 1a chuyén dich tir ciu tric
cly (tree-based) sang ciu tric danh sach (utility-
list) nhdm t8i wu hda hiéu suit b nho.

bang chu y, trong giai doan 2023-2024, cong
dong nghién ctru bat dau thay doi cach tiép can
tlr “khai thac toan bd” (exhaustive mining) sang
“khai thac c6 muc tiéu” (targeted mining). Huang
va cs [8] da dé xudt thuat toan TaSPM, cho phép
truy van truc ti€p cdc mau quan tAm ma khong
can quét toan bd khdong gian tim kiém. Xu huwéng
nay dit ra thach thirc cho cac thuit todn tong quat
nhw RIncHusp 12 phai cai thién kha nang loc nhiéu
va tap trung vao cac mau thwc sw c6 y nghia.

3.2. M6 rong khdi niém: tinh déu din va én dinh

Bén canh loi ich, tinh déu din 13 thwéc do
quan trong dé danh gia dd tin ciy clia mau trong
moi treong bién dong.

Tinh déu din (Regularity): Thuattoan RIncHusp
[4] dwoc xem 1a cong trinh nén tang dinh nghia
tinh déu dan dwa trén khoang cach toi da giita
cac lan xudt hién. Tuy nhién, han ché chinh cta
RIncHusp la viéc str dung vung dém (buffer) véi
ty 1é c6 dinh, thi€u linh hoat khi d6i mat véi div
liéu bung no.

Tinh 6n dinh (Stability): Nam 2024, cac khai
niém nay dwoc ning cip phitc tap hon. G. Huang
va cong sw [9] gi¢i thiéu IPHM trén tap chi
Heliyon, st dung c4u truc danh sich loi ich ting
trwdng d€ duy tri mau c6 tinh chu ky.

Song song d6, C. Xie va cong sy [10] dé xuat
khai niém “Stable Periodic”, 14p ludn ridng mot
mau chi c6 gia tri thuwc tién néu chu ky xut hién
clia n6 duy tri sw 8n dinh theo thoi gian.
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3.3. Chién Iwoc cip nhit: pre-large va viing
dém thich nghi

Trong mdi trwong ting trwdng, viéc han ché
quét lai co sé dir liéu 1a then chét.

Chién lwgc Pre-large dwoc H. Yan va cs (2024)
[11] cbng bb qua thuit todn Pre-HUSPM, str dung
khai niém “Pre-large” véi hai nguéng ho tro dé
tao viing an toan. Hé thdng chi quét lai khi dit liéu
méi vueot qua nguwdng an toan. Tuy nhién, day
van 1a chién lwoc tinh do cac nguwdng dwoc dinh
nghia truédrc.

Chién lwge ving dém thich nghi (Adaptive
Buffer) dwoc B.S. Prashanth va cs (2025) [12]
céng bo trén IEEE Access. Nguwoc lai véi ving an
toan tinh, nghién ctru nay da chirng minh rang
viéc diéu chinh kich thwéc bé dém dwa trén do
bién dong (concept drift) gitp duy tri dé chinh
xac tot hon phwong phap c6 dinh. Bai bdo nay
ap dung tu duy “Adaptive Buffering” [12] vao
bai todn HUSPM dé khac phuc sw ctrng nhic cta
chién lwgc “Pre-large” [11].

3.4. Toi wu tham so: quy tic suy dién so vdi
AutoML

Mot huéng di khac 1a sit dung Al dé tw
dong tinh chinh tham s, vi du nhw framework
NiaAutoARM [13] st dung Automated Machine
Learning (AutoML). Tuy nhién, chi phi tinh toan
cho AutoML thwdng qué 1é6n cho rng dung thoi
gian thuc. Do d6, cach tiép can st dung quy tic
suy dién thich nghi (Adaptive Heuristics) nhw
dé xuat trong bai bao nay la gidi phap cin bang
(trade-off) t6i wu: chi phi tinh toan thip nhung
van dat kha nang thich nghi cao.

Tém lai, birc tranh nghién ctru giai doan 2024-
2025 cho thdy su thiéu ving cia mot thuat toan
khai thadc mau tuan tw vira dam bdo tinh loi ich
va déu din (nhw RIncHusp), vira c6 kha ning
thich nghi tham s6 thoi gian thyc (nhw Adaptive
Buffering) ma khong tén kém chi phi tinh toan
nhu AutoML. Adaptive-RIncHusp dwoc dé xuit
dé 14p day khoang trong nay.

4. CO SO LY THUYET VA PHAT BIEU BAI TOAN

Phin nay trinh bay cic dinh nghia hinh thic
vé khai thac mau tuan tuw loi ich cao déu din
(RHUSP), céc tinh chit ly thuyét lam co s& cho

viéc cat tia khong gian tim kiém, va phat biéu bai
toan khai thac trong méi truedng tang truedng.

4.1. Cac dinh nghia

Trong bo6i canh d6, Adaptive-RIncHusp ké
thira tinh déu didn ctia RIncHusp nhwng bd sung
kha nang “thich nghi” dé gidi quyét bai todn ma
tham sé tinh khéng thé x ly. Cho tap hop céac
muc (items) [ = {i, i, ..., i }. M6i muc i j dwoc
gan mot gia tri loi nhuan don vi, goi la loi ich
ngoai (external utility), ky hiéu la eu(i, ).

Pinh nghia 4.1 (Co s6 di liéu chudi): Mot co s&
dir liéu chudi SD 1a tap hop cac bd (sid, S), trong
dé sid 1a dinh danh duy nhat va S 1a mot chudi.
Mot chubi S = (e, e,, ..., e) 1a mot danh sach
c6 thir tw clia cac sw kién (events), trong d6 moi
sw kién e, 1a mot tap hop cac muc. Trong mobi sw
kién, mdi muc i c6 mot s8 lwong, goi 1a lgi ich noi
tai (internal utility), ky hiéu iu(i, e,).

Dinh nghia 4.2 (Loi ich): Loi ich dwoc xac dinh
theo nhiéu cip do. loi ich cia muc i trong sw kién
e dwoc tinh bang u(i, e) = iu(i, e) Xeu(i). Loiich
cta sw kién e 1a tong loi ich cla cdc muc trong
sw kién do: u(e) = X._, u(i, e). Loi ich cia mau P
trong chubi S, ky hiéu u(P, S), dwgc tinh khi mau
P xudt hién trong S qua cac sy kién ek ,..., ekp,
1a tong loi ich cua cdc muc twong &ng trong lan
xudt hién d6; néu P xuit hién nhiéu lan, ta chon
1an xuat hién c6 loi ich 16n nhat. loi ich cia mau
P trong SD dwoc tinh bangu(P) =X u(P, S).

Binh nghia 4.3 (Tinh déu dan): Cho mdt mau P
xuat hién trong cac chudi c6 sid l1a {sid, sid,, ...,
sid, } dwoc sap x€p tang dan. bé tinh toan day du,
ta quy woc sid0 = 0 va sidk+1 = |[SD| + 1. Tinh
déu dan cua P, ky hiéu reg(P), dwoc dinh nghia
theo cong thire (1):

reg(P) = 1;}1;1’)((+1(sidj —sidj_1)

SeSD

(1

Mot miu duwgc goi la déu din néu
reg(P)<é, 4., trong do & la ngudng do
ngudi dung quy dinh.

maxReg

Pinh nghia 4.4 (Mau RHUSP): Mot mau tuan
tw P dwoc goi 1a mau tuln tw loi ich cao déu din
(RHUSP) néu né thdéa mian dong thoi hai diéu
kién: (1) loi ich cao, tic u(P)=minUtility, va (2)
tinh déu dan, téc reg(P)<é

maxReg"
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4.2. Tinh chat cit tia

Mot thach thirc 16n trong HUSPM la loi ich
khong tuan theo tinh chit don diéu giam (Anti-
monotonicity), nghia 12 mét mau con c6 thé c6
loi ich thdp hon mau cha. Do d6, khong thé dung
u(P) dé cat tia truc tiép. Ta can mot cin trén
(upper-bound).

Dinh nghia 4.5 (loi ich trong §6 chudi - SWU
[14]): oi ich trong s6 chudi clia moét mau P, ky
hiéu SWU (P), 1a tdng loi ich clia tat ca cac chudi
trong SD ma cé chira P, dwgc dinh nghia theo
cong thirc (2):

W) SESD,PQSu(S) 2
trong do6 u(S) 1a téng loi ich cta toan bd chubi S.

Dinh Iy 4.1 (Tinh don diéu giam cua SWU
[14]): D6 v&i bat ky mAu P no, ta ludn c6 SWU
(P)=u(P). Quan trong hon, SWU tuan theo tinh
chat don diéu gidm: Néu SWU (P)<minUtility,
thi moi mau cha (super-sequence) ctia P ciing s&
c6 SWU<minUtility va chic chan khong phai 1a
mau loi ich cao.

Chitng minh: Chitng minh dwoc thwce hién qua
hai bwéc nhu sau.

Budc 1: Chirng minh SWU(P)=u(P).

SWU(Py = > u(s) (3)
SeSD,PCS
= u(i, S)
SeSDZ,PQS; (4)
> > u(P,$)=u(P) (5)
SeSD,PCS

B4t diang thic dwoc chitng minh vi u(P,
S)<u(S) véi moi PCS.

Budc 2: Chirng minh tinh don diéu giam.

Cho P'2P 1a miu cha clia P. Tap cac chudi
chira P’ 12 tap con cta tap cac chudi chira P:

(SESD:P' €S} S{SeSD:PcS)

Do d6, SWU(P)<SWU(P). Néu SWU(P)<
minUtility, thi SWU(P") < minUtility, suy ra
u(P") < minUtility theo bt ding thirc da ching
minh & Buéc 1.

Dinh ly 4.1 1a co sé& ly thuyét cho phép cat tia
khong gian tim kiém trong ciu tric cdy DETRHUS
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4.3. Ciu triic ciay DETRHUS

C4u truc DETRHUS (Dynamic Extended Trie
for Regular High-Utility Sequences) 1a ciu tric
di liéu cot 16i trong thuit todn RincHusp [4],
dwoc thiét ké dé Iwu trir va cip nhat hiéu qua cac
mau tudn tw trong moi tredng ting trudng.

DETRHUS 1a mot ciy cé goc (rooted tree)
trong d6 md&ibo nut vlwu tritbd thong tin (item, u,
reg, sidlast , sChildren, iChildren), y nghia nhw
sau: item 1a muc twong &ng véi nat; u la tong loi
ich tich Ity ciia mAu tir g6c dén nut hién tai; reg 1a
khodang cach 16n nhit (maxReg) gitra cac 1an xuat
hién lién tiép; sidlast 1a dinh danh ctia chudi cudi
cung chira mau; sChildren 1a danh sach con theo
mé rong tuan tu (s-extension, mau con xuat hién
& sw kién tiép theo); va iChildren 1a danh sach
con theo mé réng dong thoi (i-extension, mau
con xudt hién cung sw kién).

C4u trac DETRHUS hd tro ba thao tac chinh dé
duy tri va cap nhat thong tin miu tuan tw. Thao
tac UpdateDETRHUS dwoc thuc hién khi c6 chudi
mai S voi dinh danh sid dwgc thém vao co sé dir
liéu. Thuat toan duyét qua cac nut thong tin theo
cong thirc: loi ichméiu , =u  +u(P,S), tinh déu
dan méi regnew = ma%(regald, sid - sid,, ), va
cip nhat dinh danh chubi cudi sid, ,=sid. Thao
tac PruneTree thuc hién cat tia cAy bang cach loai
b6 cac ntt v théa man mot trong trong cay va cap
nhat hai diéu kién: nit c6 loi ich thap hon ngwdng
viung dém (v.u<rt) va la nut 14, hodc nut cé tinh
déu dan vuot qua ngudng cho phép (v.reg>p,, ).
Thao tac ClassifyPatterns duyét qua toan bo ciy dé
phén loai cdc mau: néu v.u=6 , va v.reg<pabs
thi mau dwoc xép vao tip HS; néu vau>t va
vreg<p, thi mAu dugc xEp vao tp SHS.

4.4. Bai toan khai thdc ting truong va viung
dém

Trong moi treong dit liéu tang trwdng, co sé&
dit liéu SD thay doi lién tuc: SD new = SDold U
ASD.

Pinh nghia 4.6 (Mau ban lpi ich - SHS): Dé
tranh viéc quétlai S, ,, cac thuat toan can lwu trix

cac mau tiém nang. Mot mAau P 1a SHS néu:

u(P)=p x minUtility vareg(P)<é

maxReg

trong do u € (0, 1] 1a ty 1€ vung dém (buffer ratio).
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Bai toan khai thac tang trwéng RHUSP [4]:
Cho co s& dit liu cii SDold, tip hop cac mau
HS va SHS da khai thac tir SDold, 16 dir liéu méi
ASD (increment batch), ngwdong minUtility va
nguwdng tinh déu din dSmaxReg. Két qua 1a cip
nhittip HS' va SHS' trén SDnew véirang budcla
T6i thiéu héa viéc truy cép lai dir liéu trong SDold

4.5. Vi du minh hoa

Dé&lam ro cac khai niém trén, xét co sé dir liéu
SDO0 va bang loi ich ngoai nhw Bang 2 va Bang 3.

Bang 2. Co’ s& di¥ liéu mau SDO.

SID Chudi (Sequence)
S1{(a:1)(c:2,d:6)(e:2))
S2((b:3)(f:5)(d:5¢e:1))
53{(a:3)(c:3,d:5))
S4((b:3)(e:3)(f:6))
S5((a:1)(b:4,e:2))

Bang 3. Lo ich ngoai.

Muc a b c d e f
Giatri 4 3 7 2 5 1

Gia st minUtility = 34 (khoang 20% tong loi
ich) va dmaxReg = 3.

Phan logi mau trén SDO: Xét mau (c), ta c6
u({c)) =14(S1)+21(53) =35> 34,vaRegularity
= max(1, 2, 2) = 2 < 3, do d6 (c) la RHUSP.
Nguoc lai, mau (b f ) c6 u((b f )) = 29 < 34,
do d6 khong phai RHUSP.

Kich bdn cdp nhdt (ASD1): Gia st cé thém 2
chudi mé&i S6, S7. Toéng loi ich toan hé théng ting
1én, dan dén nguwdong minUtility méi c6 thé ting
1én (vi du: 52). V4n dé ndy sinh véi mau (b f ) c6
loiich 29: Néu dung p = 0,9 (ngwdng dém 0,9x34
=30,6), mau (b f ) (29) da bi loai bé tir truwérc, va
néu trong S6, S7, (b f ) xuit hién nhiéu, ta sé& bi
mAit mAu nay vinh vién (s6t mau - false Negative).
Nguwoc lai, néu dung u = 0,4 (ngwdng dém 0,4 X
34 = 13,6), mau (b f) dwoc gitr lai, nhung hang
ngan mau rac khac ciing dwoc gitt 1ai, gay tran bo
nho.

biéu nay cho thiy sw cin thiét cia mét co ché
xac dinh y théng minh hon thay vi c6 dinh, sé
dwoc trinh bay trong Muc V.

5. PHUONG PHAP DE XUAT: ADAPTIVE-RINCHUSP

51. T 5ng quan chién luwoc

Chién lwgc vung dém thich nghi dwoc thiét ké
dwa trén cac gid dinh va c6 pham vi ap dung cu
thé nhw sau:

Gia dinh 1 (Tinh lién tuc cua phdn phéi loi ich):
Phan phdi lgi ich gitra cic 16 dir liéu lién tiép
khong thay d6i dot ngdt mot cach cwe doan. Piéu
nay cho phép cac quy tic suy dién dwa trén 16
trwdrc d€ du doan hanh vi ctia 16 sau.

Trong truedng hop div liéu cé tréi dat khai
niém (concept drift) nghiém trong, can két hop
thém cac ky thuat phat hién troi dat.

Gia dinh 2 (Tinh dai dién cua cdac chi sé).’ Ba
chi s6 (ty 1é lgi ich, dé kh6 nguwdng, toc do tang
trwedng) phan dnh day du cac yéu t6 chinh anh
huwdng dén quyét dinh Iwu dém. Trong cac mién
rng dung dic thu, c6 thé bd sung thém cac quy
tac suy dién chuyén biét.

Pham vi dp dung: Chién lwge nay phtt hop nhit
v&i cac hé thong c6 dit liéu ting trudng theo 16
(batch incremental), trong dé kich thuwéc 10 tir
5% dén 30% co s& dir liéu hién tai. DSi véi div
liéu dong (streaming) v&i cdp nhat lién tuc tirng
ban ghi, cin diéu chinh co ché tinh to4an dé giam
chi phi phu tréi (overhead).

Su ddnh doi gitta hiéu qua va do chinh xdc: Ba
quy tic suy dién dwoc thiét ké theo nguyén tic
“an toan truwdc” (safety-first), wu tién duy tri do
phi cao hon t6i wu héa toc do. Viéc chon gia tri u
nhé nhit trong chién lwgec COMBINED dam bao
néu bat ky quy tic nao phat hién rui ro, hé théng
sé tw dong tang vung dém. Diéu nay c6 thé dan
dén viéc lwu dém du thira trong mot s treong
hop, nhwng d6i lai 1a d6 pha cao (>97% trong
thwe nghiém).

Chi phi tinh todn bé sung: Viéc tinh toan y thich
nghi chi yéu cau 0(1) thdi gian cho mai 16 dit liéu,
khong anh hwdng dang ké dén hiéu nang tong thé
cta thuit toan.
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5.2. Ham riii ro voi dp nhay cao

Dé& phat hién sém cac thay ddi nho trong di
liéu, ching t6i sit dung ham ri ro phi tuyén R (x,
a, B) dwoc dinh nghia nhw sau:

0, x<a

R(x,a,B) = (ﬁ)o.zs , a<x<f

1, x>pf

(6)

Trong coéng thirc (6), x 1a gia tri dau vao cin
danh gia (vi du: util Ratio, growthRate), a la
nguwdng dwédi (lower bound) va f§ la ngwdng trén
(upper bound) dé kich hoat tinh toan rui ro.

Ham s6 st dung liiy thira bac 0,25 (cin bac 4)
thay vi ham tuyén tinh. Diéu nay giup dao ham
clia ham s6 tré nén rat 1én khi x vira vwot qua
nguwdng a, cho phép thuat todn phan &ng manh
mé ngay ca véi nhirng bién dong nho ban dau (vi
du: x chi voeot a 4% nhwng mirc rii ro dwgc danh
gia 1én tdi 44,7%).

5.3. Ba quy tic suy dién thich nghi
a) Quy tdc suy dién 1: Ty 1é loi ich

Quy tic nay do ty 1& loi ich cta 16 dit liéu ma&i
so v&i tong loi ich hién tai theo cong thire (7):
u(ASD)

i Sndel 7
u(SDy1a) ™

utilRatio =

Néu util Ratio cao (vi du: = 20%), 16 dir liéu
m&i c6 tdc dong 1én va co thé thay d6i dang ké tap
RHUSP. Do d6, can gidm p d€ lvu dém nhiéu mau
hon theo cong thirc (8):

Uy = K, - R(util Ratio, 0,01, 0,20) X (u

_/'lmin) (8)
Nguwong: thresholdlow = 0.01 (1%),

thresholdhigh = 0,20 (20%) Vi du: Néu 16 m&i
déng goép 15% loi ich, rai ro = (0,15/0,20)0.25
= 0,922, din dén u gidm manh dé lwu dém nhiéu
mau.

b) Quy tdc suy dién 2: DY khé nguéng

Quy tic nay danh gia do kho cta bai toan qua
ty 16 minUtility so v&i téng loi ich theo cong thirc
(9):

minUtilit
minUtilityRatio = mne iy

M(SDnew)

)
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Néu minUtilityRatio thip (bai toan kho,
nhiéu mau théa min), can lwu dém nhiéu hon
theo céng thirc (10):

t,.. = MK -R (minUtilityRatio, 0,001,

0,005)X(t,, H,,) (10)

Nguwong: thresholdlow = 0,001 (0,1%),
thresholdhigh = 0,005 (0,5%). Ly do: Ngudng
rat thiap vi minUtilityRatio thwong & khoang
0,1-0,5% trong thuc té.

¢) Quy tdc suy dién 3: Téc dj tang trucng
Quy tic nay tdi wu hda hiéu suit dwa trén toc
do tang co sé dir liéu theo cong thirc (11):

|ASD|
ISDo1al

an

growthRate =

Néu growthRate cao (co s& dir liéu tang
nhanh), cAn can bang giita viéc lwu dém va téc do
theo cong thirc (12):

[— = U, .. ~R(growthRate, 0,05,
0,25)X (1, H,,) (12)
Nguwong: thresholdlow = 0,05 (5%),

thresholdhigh = 0,25 (25%) Vi du: Néu 16 méi
chiém 20% co'sé dirliéu, rairo = (0,20/0,25)0,25
= 0,946, u giam dé xr ly tang trwdng nhanh.

5.4. Chién lwogc két hop

Chién lwoc két hop (COMBINED) 13y gia tri u
nhé nhit theo cong thic (13):

Hadapiive = TNy P Hyronen) 13)

Co s& ly thuyét: Viéc chon gia tri nho nhat
(minimum) dam bo vung dém du mau trong
moi tredng hop bién. Néu mét trong ba heuristic
phat hién rui ro cao, thuit todn sé lwu dém nhiéu
hon dé tranh mat mAu.

5.5. Thudt toan Adaptive-RIncHusp

Thu4t todn 1 mé ta chi tiét qua trinh khai thac
RHUSP v&i chién lwoc ving dém dong. Day 1a mo
rong ctia RIncHusp [4] v&i diém khac biét chinh
12 viéc tinh to4n p thich nghi tai méi 16 dix liéu.

So sanh véi RIncHusp [4]: Diém khéc biét la
dong 16 va 19, noi t dwoc tinh béi pa (thich nghi)
thay vi p c6 dinh. T4t ca cac buwdc khac (RHusp,
UpdateDETRHUS, PruneTree, ClassifyPatterns)
ké thira tir RIncHusp.



Chuyén san Cac cong trinh Nghién ctiu, Phat trién va Ung dung Cong nghé Thong tin va Truyén thong

Thuat toan 1: Adaptive-RIncHusp (M rong ti
RIncHusp [4])

Input: Dy: CSDL ban dau; AD = {ADy,...,AD;}: Chudi
cac 16; 0: Ty 1&¢ minUtility; p: Ty 1€ maxRegularity;
[ﬂmin’ ,umax]: Pham vi vimg dém’ Minit: Gid tI'i khdi
tao

Output: HS: Tap ciac mau RHUSP

// Giai doan 1: Khdi tao trén D

Uiotar < U(Dy);

Oabs — 0 X Utorarls

T < Hinit X Oabs:

(HS,SHS) « RHusp(Dy, 7,p);

7 « BuildDETRHUS (HS U SHS);

n « |Dol;

= T S I SR

// Giai doan 2: X& 1y tdng trudng
7 foreach batch AD; € AD do

8 Up « U(AD,’);

9 m «— |AD;]|;

// Buéc 2.1: Tinh u thich nghi
10 Ha «— CalcAdaptiveMu(Un, m, Usprar, n);

// Bubc 2.2: Cap nhat théng sb toan cuc

1 Uroral < Utoral + Un;
12 ne«n+m;

13 Oaps — 0 X Utorarls

14 Tnew < Ma X Oabs;

// Bubc 2.3: Cap nhat cdy va cit tia
15 foreach sequence S € AD; do
16 | UpdateDETRHUS(T, S);

17 end

18 Pabs < Lp X nl;

19 PruneTree( 7, Tnews Pabs);
20 end

// Giai doan 3: Phan loai k&t qui cudi clng
(HS,SHS) « ClassifyPatterns (7", Oups» Tnews Pabs )
22 return HS;

=

5.6. Ham tinh ty 1¢ vang dém thich nghi

DPayla déng gop cot16i ctia bai bdo. Thuit toan
2 thay thé viéc st dung u ¢ dinh bang co ché tinh
toan dong dwa trén dac diém cla tirng 16 dit lidu.
Cac tham s6 nguwdong dwgc thiét 1ap nhw sau: Ty
1é loi ich trong khoang [0,01, 0,20], nghia la 16 di
liéu dong gép 1-20% loi ich dwoc xem 1a dang Ké.
P06 kho ngwong trong khoang [0,001, 0,005], vi 8
thuc té€ thwong nam trong khoang 0,1-0,5%. T6c
do tang trudng trong khoang [0,05, 0,25], tic 16
di liéu chiém 5-25% kich thwéc co s& dir liéu
dwoc xem la lén.

5.7. Ham rui ro d¢ nhay cao

Thudt toan 3 dinh nghia ham rii ro véi cong
thivc x0,25 dé khuéch dai cac thay déi nhé.

Vi dy minh hoa tac dong cua ham R(x)= x0,25:
Khi x=0,01, ta ¢c6 R (x)=0,316 (31,6% rui ro)
trong khi ham tuyén tinh chi cho 1%. Khi x =
0,04, R (x) = 0,447 (44,7% rti ro) so v&i tuyén

tinh chi 4%. Khi x = 0,16, R (x) = 0,632 (63,2%
rui ro) so véi tuyén tinh 16%.

Ham nay gitp phat hién sém cac thay d6i nho
(1-5%) ma c6 thé anh hwdng dang ké dén két qua
khai thac.

Thuét toan 2: CalcAdaptiveMu — Tinh ty 1& ving
dém thich nghi

Input: Uy: 1¢i ich cta 16; m: Kich thudc 16; Uey,: Tong 16i
ich hién tai; n: S6 lugng chudi hién tai
Output: pu,: Ty 1 ving dém cho 16 hién tai
if Ucyrr =0 or n =0 then
| return pinic;
end

o=

w

// 1. Heuristic dwa trén Ty 1& loi ich
4 1y — UA/U(rurr;
fu < HighSensitivityRisk(r,, 0.01, 0.20);
Hu < Mmax = fu X (Mmax = Hmin)}
// 2. Heuristic dwa trén D3 khd cta ngudng
// 0 duoc 14y tiu cdu hinh toan cuc
7 fp < HighSensitivityRisk (6, 0.001, 0.005);
8 Upb <« Mmax — fb X (lumax - llmin);

ENR)

// 3. Heuristic dwa trén Téc d6 ting trudng
9 rg <« m/n;
10 fo < HighSensitivityRisk(rg, 0.05,0.25);
11 Hg < Mmax — fg X (Umax = Mmin)}
// Chién luogc k&t hop (COMBINED)
12 fremp — min(uy, up, Hg) 3 // L&y gid tri an toan
nhit
B g < max(,umin7min(/ltempa,umax)) 5
trong khodng
14 return p;

// Pam bdo

Thuat toan 3: HighSensitivityRisk(x, @, 8)

Input: x: Gid tri ddu vao; : Ngudng dudi; 8: Ngudng
trén.
Output: risk € [0, 1]: Mic do rui ro.
if x < « then
| return 0.0;
end
else if x > 8 then
| return 1.0;
else

N R W =

norm «— (x—a)/(B-a) ; // Chu&n héa vé
[0, 11
8 risk — norm®% ;

return risk;

// Khuéch dai d& nhay

e

10 end

5.8. Thudt todn phén loai mdu

Thuét todn 4 ké thira tir RIncHusp [4] nhung
st dung 7 (ngwdng dém thich nghi) thay vi gia tri
c6 dinh.

So sanh v&i RincHusp [4]: Piém khéc biét 1a
dong 8 stt dung t dwoc tinh b&i pua thich nghi thay
vi p c6 dinh.
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5.9. Dé phire tap Iy thuyét

Dinh Iy 5.1 (D6 phirc tap thoi gian): PO phirc
tap thoi gian cia Adaptive-RIncHusp cho mot 16
ASD 1a O(|ASD|x|I|2 + |HS| + |SHS| + C), trong
do C 12 s6 lwong mau &ng vién dugc sinh ra tir
DETRHUS.

Churng minh: Chitng minh dwa trén phan tich
tirng thanh phén cua thuit toan.

Thuat toan 4: ClassifyPatterns (M6 rong tur
RIncHusp [4])

Input: Node hién tai, dudng dén tii root, f,ps, T (thich
nghi), paps
Output: HS, SHS
1 if node # root then

2 Pfinal < |D| —node.lastSid ; // Chu ky cub:
3 regirue < max(node.maxReg, pfina1) 3 // Tinl
déu din thuc

4 if regirue < Pabs then

5 if node.utility > 0,55 then

6 | Thém mau vao HS;

7 end

8 else if node.utility > v then

9 Thém mau vio SHS ; // St dung -

thich nghi

10 end
11 end

12 for each child in node.sChildren do

13 | ClassifyPatterns(child, path U [s : child.item], ...);
14 end

15 for each child in node.iChildren do

16 | ClassifyPatterns(child, path U [i : child.item], ...);
17 end

Thanh phan 1 (Tinh pada ptive): Viéc tinh
to4n ba quy tic suy dién va ldy gia tri nhé nhit
chi yéu ciu s6 lwong phép tinh c6 dinh, do d6 c6
do phtrc tap O (1).

Thanh phan 2 (C4p nhat cdy DETRHUS): Véi
mdi chudi trong ASD, thuat todn duyét qua cac
muc trong chudi dé cap nhat cay. Trong truong
hop x4u nhat, moi chudi c6 thé chira 0 (|I |2)
mau con (két hop 2 muc), dan dén dd phirc tap O
(1ASD| % |1 |2).

Thanh phan 3 (Panh gia lai mau): Duyét qua
cac mau trong HS va SHS dé€ kiém tra diéu kién
v&i ngwdng méi yéu cau O (|HS| + |SHS)).

Thanh phan 4 (Khai thac (ng vién méi): Sinh
cAc mAu ng vién tir DETRHUS c6 dd phtrc tap 0
(C), véi C 1a s6 rng vién va thwong C < tdng sd
mau trong khong gian tim kiém nho co ché ct tia.
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Tong hop cac thanh phan: T (n) =0 (1) + 0
(IASD | X|I |2) + O (|HS| + |SHS|) + 0 (C) = 0
(|ASD| x |I |2 + |HS| + |SHS| + C).

Dinh Iy 5.2 (D¢ phirc tap b nho): Do phirc tap
bonh&la O (|SD | X |I | + |HS| + |SHS)).

Chitng minh: B0 nhé dwoc st dung bdi ba
thanh phan chinh.

Thanh phan 1 (Cay DETRHUS): Trong truong
hop x4u nhét, ciy lvu triv thong tin vé 0 (|SD| x |1
|) ntit, mdi ndt chira mot lwong thong tin ¢é dinh
(u, reg, sidlast , con tro).

Thanh phan 2 (Ving dém): Tap HS va SHS yéu
cau O (|HS| + |SHS|) khong gian dé lwu triv cic
mau va thong tin lién quan.

Thanh phan 3 (Di liéu thé): Thuat toan khong
can lwu tritr div liéu thd SDold, chi can lwu cac
thong ké trong DETRHUS.

Tong hop: S(n) =0 (|ISD | x |I]) + O (|HS| +
ISHS|) = 0 (|SD| X |I | + |HS| + [SHS]).

5.10. Tinh diing din

Pinh Iy 5.3 (Tinh dday i - Completeness):
Adaptive-RIncHusp khéng bao gi¢r bé s6t mau
RHUSP néu pada ptive < po ptimal, trong d6 uo
ptimal 12 gi4 tri t6i thiéu d€ khong mat mAu.

Chirng minh:

Gia str: Ton tai mot mau P+ 1a RHUSP thuc su
(tkcu(Px) = minUtility vareg(P*) < dmaxReg)
nhwng bi bé sot béi thuit toan.

Phan tich: D& P« bi bd sét, P+ phai bi loai khoi
vung dém tai mot thoi diém nao do6. Piéu nay xay
ra khi va chi khi u(P#*) < 7 = u x minUtility tai
thoi diém do.

Chién lwgc COMBINED chon y = min(uutil,
ubase, ugrowth) theo cong thirc (13). Néu batky
quy tic suy dién nao phat hién rdi ro cao, u sé
giam dé tao vuing dém 16n hon.

Theo gid thiét u_ daptive = Hoprimap t8 €O NGUONG
déem t = Hogaptive X minUtility < Hoptimat
minUtility. Vi poptimal dwgc dinh nghia l1a gia
tri t6i thiéu dé khong mat mau, moi mau dworc giit
VO Ly i CUNG AUrQC GIT VO L e

Diéu nay mau thuln véi gid str P* bi bo sét. Do
do, dinh ly dwoc chirng minh.
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Adaptive-RIncHusp van 1a thuat toan xdp xi
(nhu RIncHusp gdc) va c6 thé bd s6t mot s6 mau
trong truwomg hop cuc bién khi p, daptive > Moptimar
Tuy nhién, thwc nghiém cho thay dé pha > 97%
trén tit ca cac tp dir liéu, chirng toé cac quy tac
suy dién hoat dong hiéu qua trong thuc té.

5.11. Vi du minh hoa thyc thi thudt toan

P& lam rd co ché hoat déng cla thuit toan
Adaptive-RIncHusp, chiing t6i minh hoa chi tiét
trng budc xtr ly dua trén co s& div liéu DO tir
Bang I va bang lgi ich ngoai tir bang 3.

a) Giai dogn 1: Khoi tao voi DO

Budce 1.1: Tinh toan loi ich va tham sb khoi tao

Téng loi ich cac chudi: U (S1) = 40, U (S2) =
29,U (S3) =43,U (54) =30,U (5§5) = 26, suyra
U0 =168.V¢i 6 = 0.2, p = 0.6, pinit = 0.4:60 =
0.2x168=33.6,70 =0.4 X 33.6 =13.44,p0 =3

Diéu kién phén loai: HS néu u > 33.6 vareg <
3; SHSnéu 1344 <u<33.6vareg <3.

Bude 1.2: Khai thac miu tudn tu

Bang IV téng hop két qua khai thac véi day du
cac dang mé rong: 1-sequence, s-extension (mé
rong tun ty) va i-extension (mé& rong dong thoi).
Bang 4. Khai thac mau tr 60 (60 = 33.6, 70 = 13.44,

twong ang véi loi ich, tinh déu ddn va dinh danh
chudi cudi. Trong hinh 1, ntt khéng td mau biéu
thi mau HS (u = ), nut td xdm biéu thi mau SHS
(T < u < 0). Miii tén nét dit thé hién s-extension,

miii tén nét lién thé hién i-extension.

@
@@ O ® 0

(,2’0 2‘,“5) (30;’2,\5\) (35,3.3) (32,3,3) (40,2,5)

s s s, \s
. \ \
' \ ! \
. ! \
' v ' \

(51,B,3)

(73,3,3)

(38,3,3) (38,2,4) [(29,2,4) (57,3,3)

Hinh 1. Cay DETRHUS khéi tao tir DO vé&i 60 = 33.6,
70 = 13.44.

b) Giai dogn 2: Xur ly 16 AD 1

Co s& div liéu dwoc cap nhat véi 1o div liéu tang
trwdng AD1 gom 2 chudi méi nhw bang 5.

Budc 2.1: Tinh u thich nghi

Bang 5. L6 dir liéu tang trwéng AD1.

0=3 SID Chudi U(S) Chi tiét
pO=3). Se 30 8+7+15
Dang Miu u reg Loai miu 57; 2.0. 6+4+10
(a) 20 2 5 SHS Tong UA =50
(b) 30 2 5_.....SHS Budce 2.1: Tinh thich nghi voi Utotal = 168,
I-seq (<) 3 3 SO UA =50,n =5, m=2 (bang 6).
(d) 32 3 3 SHS
(e) 40 2 5 HS Bang 6. Tinh toan u thich nghi cho AD1.
(ac) 51 3 3 HS
(ad) 38 3 3 T s Heuristic Gia tri f(x) p Nhan xét
- t -
YL be) 38 2 4 Hs Ty le loiich  r, =0.229 1.0 0.4 Vuot ngudng
(bf) 29 2 4 SHS Do kho ngudng 6, =0.003 0.84 0.48 -
((cd)) 57 3 3 HS Toc do ting rg =0.286 1.0 0.4 Vugt ngudng
Cext -
T Taed)y | 3 3 3 HS COMBINED 0.4 min(0.4,0.48,0.4)

Giai thich mau (a(cd)): Trong S1: a & sw kién
1, (cd) & swkién 2, u =4+14+12 = 30. Trong S3:
u=12+4+21+10 =43. Téngu = 73.

Budc 1.3: Xay dung cady DETRHUS

Hinh 1 minh hoa cay DETRHUS dwgc xay dung
tir DO. Mdi nut lwu trit bo ba gia tri (u, reg, sidL)

Budc 2.2: Cap nhat tham )
Ul=218,n1=7,01=43.6,11=17.44,p1 =4
Budc 2.3: Cap nhat DETRHUS

Bang VII trinh bay chi tiét qua trinh cip nhat
cac nat khi xtr Iy tirng chudi trong AD1.
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Bang 7. Cap nhat detrhus khi xtr ly 3D1.

Mau wuyq Au upew reg sidp

Tir Se:
(@) 20 +8 28 2 6
(¢) 35 41 42 3 6
(e) 40 +15 55 2 6
(ac) 51 +15 66 3 6

Hinh 2 minh hoa cdy DETRHUS sau cap nhat.
Cac gia tri cap nhat dwoc in dam.

(38,3,3) [(54,3,7)| |(39,2,7)

Hinh 2. Cay DETRHUS sau cap nhat AD1 vé&i 61 = 43.6,
™ =17.44.

¢) Giai doan 3: Phdn logi lgi va so sanh

MAu (c) du u tang tir 35 1én 42, nhung ngudng
6 cling ting tir 33.6 1én 43.6 nén bi gidng cip. Pay
la Iy do viing dém SHS can thiét, néu khong c6
SHS, mau nay sé bi mat. K&t qua chi tiét thé hién

trong bang 8.

So sanh chién lugc: Xét mau (a) (u0 = 20): Néu
Fix(u =0.9) thi miu nay sé bi loai. Tuy nhién, v&i

chién lwoc thich nghi thi van git lai (bang 9).

Két luan: Chién lwoc thich nghi phat hién ru =
22.9% varg = 28.6% déu vuot nguwdng, nén tu
déng chon pa = 0.4 d€ ddm bao an toan. Trong
cac 10 tiép theo néu dir liéu 6n dinh, u sé tw dong
tang dé tiét kiém bo nhé. Vi du minh hoa co ché:
tw dong diéu chinh u dwa trén dic diém dir liéu,
dam bao khong mat mau tiém ning ma van tdi wu

tai nguyén khi c6 thé.
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Bang 8. So sanh phan loai trwéc/sau cap nhat

Trude  Sau

Mau u Loai u Loai Ghi chi

(c) 35 HS 42 SHS Giang cip*
(ad) 38 HS 38 SHS Giang cip*
(e) 40 HS 65 HS —
(ac) 51 HS 66 HS —
(be) 38 HS 54 HS -
(bf) 29 SHS 39 SHS —

* Do 6 = 43.6 > u, mau chuyén tt HS — SHS

Bang 9. So sanh chién lwgc xr ly mau (a).

Chién luge 79 u=20vsty Két qua

Fix(u = 0.9) 30.24 20 <30.24 MAt miu
Fix(u =0.4) 1344 20> 13.44 Gii
Adaptive 1344 20 > 13.44  Giit

6. Thuc nghiém va danh gia
6.1. Thiét ké thwe nghi¢m
a) Moi trueong thuc nghiém

T4t ca cac thuat toan duoc cai dit bang Java
va thwc thi trén may tinh MacBook Pro véi chip
Apple M1, bd nhé 8 GB RAM, hé diéu hanh macOS
Tahoe 26.1, Java JDK Version 22, va IDE Intelli]
IDEA 2025.2 Ultimate.

b) Tép dit liéu va cau hinh tham sé

Nam tap dir liéu chudn dwoc sir dung véi cac
dic diém da dang vé do thwa, kich thwéc va sd
lwong muc.

Bang 10. Cau hinh tham sé cho cac tap dir liéu.

Tap dir litu MinUtil MaxReg p khdi tao Pham vi
(%) (%) thich nghi
BIBLE 0.25 30.00 0.40 [0.40 - 0.90]
Chainstore 0.05 30.00 0.40 [0.40 - 0.90]
Foodmart 0.01 100.00 0.40 [0.40 - 0.90]
Leviathan 0.05 30.00 0.40 [0.40 - 0.90]
SIGN 0.20 30.00 0.40 [0.40 - 0.90]

¢) Kich ban phén phoi dir liéu

D& md phéng cadc mau ting trwdng khac nhau
cla co s& dir liéu, ching toi thiét ké 4 kich ban
phén phoi dit liéu qua 4 1an cip nhat (16). Kich
ban A (Pong déu) véi ty 18 25%, 25%, 25%, 25%
mo phéng tang trwedng 6n dinh. Kich ban B (Tang
dan) véi ty 18 10%, 20%, 30%, 40% mo phong
tang truwdng gia toc. Kich ban C (Dao dong) véi
ty 18 40%, 10%, 40%, 10% mo phong bung no dir
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liéu. Kich ban D (Giam dan) véi ty 1é 40%, 30%,
20%, 10% mo phong tang trwdng cham lai.

Mai kich ban dwoc thuc hién trén tit ca 5 tap
dir liéu, va két qua dworc tdng hop qua ca 4 kich
ban d€ danh gia tinh &n dinh cta thuit toan.

d) Cac phwong phap so sanh

Chung t6i so sanh 4 chién lwoc thich nghi véi
2 baseline nguwdng cé dinh.

Chién lugc thich nghi bao gom: Adapt
(Combined) két hop cé 3 heuristic va chon gia tri
unho nhat; Adapt (Growth) chi st dung heuristic
téc do tang tredng; Adapt (MinBase) chi st dung
heuristic do kh6 ngwdng; va Adapt (UtilRatio) chi
st dung heuristic ty 1€ loi ich.

Baseline ¢ dinh bao gém: Fix (u=0,4) véi
ngudng thap, do chinh xac cao nhuwng chi phi
16m; va Fix (u=0,9) v&i ngudng cao, toc do nhanh
nhwng c6 rai ro mit mau.

e) Chi s6 danh gid

Cac chi s8 danh gid bao gom: Thoi gian (s)
1a téng thoi gian xt 1y tit ca cac 16; B6 nhé dinh
(MB) la b6 nhé t6i da st dung trong qua trinh
thwc thi; HS Found 13 s6 lwgng mau RHUSP tim
duwoc; SHS Buffered 1a sé lwong miu SHS dwoc
lwu dém (chi phi phu); P6 phu - Recall (%) dwoc
tinh |HS Ground Truth| X 100%; va Tang tdc -
Speedup dwoc bang tinh bang RuntimeFi xed-0.4
RuntimeAdaptive.

Tap mau chuin (Ground truth) dwgc xac dinh
bang cach chay thuat todn RHusp [4] trén toan
bd co s& di liéu sau khi cdp nhat hét tit ca cac 6.

6.2. Két qud hiéu ning tong thé

Bang XI tong hop két qua trung binh trén ca 4 kich
ban cho tirng tap di liéu. Cac gia tri t6t nhat trong mdi
nhém (chién lwoc thich nghi) dwoc in dam.

Nhan xét tir Bang XI: V& hiéu qua téc do, cac
chién lwgc thich nghi dat can bang tét giita tdc
do va do chinh xac, trong d6: Adapt (Growth) va
Adapt (Combined) cho thoi gian chay t6t nhat
trong hau hét treong hop, nhanh hon Fix(u=0.4)
tlr 7-17%. Vé do chinh xac, Fix(#=0.9) tuy nhanh

nhat nhung mét 4-37 mAu so véi tp mau chuin
(twong dwong 1.5-5.1% do phu), trong khi tat ca
chién lIwoc thich nghi déu dat d6 pha = 98%. Vé
tiét kiém bo nhé, Adapt (MinBase) thwong st
dung it SHS nhat nhung vin ddm bao dd pht cao,
con Adapt (Combined) can bang tét gitra tdc do
va s0 lwong bo dém. Vé kha ning mé rong, trén
tAp dit liéu 16n (Foodmart véi 84K mau), cac
chién lwgc thich nghi nhanh hon baseline 66-
74%, chirng td thuit todn mo rong tot.

Bang 11. Két qua téng hop trén cac tap div liéu (trung
binh 4 kich ban).

Tap Chién Thoi gian Bo nhd  HS SHS
du liéu luge (s) (MB)  Found Buffered
CL1 28.82 218.81 266 391
CL2 27.78 212.24 266 364
CL3 29.03 205.07 266 278
BIBLE CL4 29.76 241.52 266 391
CLS 29.56 19142 266 427
CL6 14.88 239.97 259 22
CL1 38.37 561.92 177 326
CL2 35.68 616.23 177 315
Chainstore CL3 38.24 669.08 174 19
CL4 39.55 613.50 177 326
CLS 41.39 692.20 177 349
CL6 21.89 537.78 168 15
CL1 0.44 178.25 84,020 11,446
CL2 0.40 170.69 84,020 11,369
Foodmart CL3 0.41 167.34 84,013 7,572
CL4 0.38 17139 84,020 11,446
CLS 1.12 159.55 84,020 11,540
CL6 0.65 189.66 84,010 2,844
CL1 16.76 10440 534 296
CL2 16.71 105.18 534 281
Leviathan CL3 17.33 104.68 525 32
CL4 16.89 102.14 534 296
CLS 17.63 107.41 534 324
CL6 11.20 104.71 520 31
CL1 10.41 794.40 3,775 2,334
CL2 10.51 784.68 3,775 2,236
SIGN CL3 10.57 792.74 3,775 1,890
CL4 10.62 793.24 3,775 2,334
CL5 12.51 78127 3,775 2,422
CL6 10.17 76598 3,738 348

Chu thich: CL1: Adapt (Combined); CL2: Adapt (Growth); CL3:
Adapt (MinBase);

6.3. Phén tich chi tiét: Tdp dir liéu Chainstore

D€ hiéu rd co ché hoat dong cta chién lwoc
thich nghi, ching t6i phan tich sau trén tdp
Chainstore véi Kich ban B (10%-20%-30%-40%)
- mot tip dit liéu thwa véi d6 bién dong cao, noi
suw khac biét gitra cac chién lwoc 1a rd rét nhat.
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a) So sanh thoi gian va bo nho

Hinh 3 cho thiy so sanh hiéu ning cta cic

chién lwoc trén Chainstore.

(A) Thoi gian (B) Bo nho
20 600
15
g < 400
g >
o9 =
o) =
2 © 200
5 M
0 0
T F g E S T ¥ g ESaQ
£ 8 85 o o ERT I
£ 58211 £ 5a& =1 1
2223233 222 3233
S a2 8 x oA S B2 & x ox
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3 g 3 g
< <

Hinh 3. So sanh hiéu niang cua cac chién lwoc trén
Chainstore (Kich ban B). (A) Thé&i gian chay (giay), (B)
Murc str dung bé nhé dinh (MB).

Quan sat tir hinh 3: Vé thoi gian, Adapt
(Growth) dat thoi gian t6t nhit (35,68s),
nhanh hon Fix(u=0,4) 13,8%, trong khi Adapt
(Combined) ciing dat 38,37s, cai thién 7,3%. Vé
b6 nhé, cac chién lwoc thich nghi cé mrc st dung
bién déng (561-669 MB) do diéu chinh by dém
dong, nhwng van thip hon Fix(u=0,4) v&i 692
MB. Vé sw danh ddi, Fix(u=0,9) tuy nhanh nhat
(21,89s) va tiét kiém nhat (537 MB), nhwng mit
nhiéu mau.

b) So lwong mau loi ich cao va ban loi ich
Hinh 4 thé hién s6 lwong mau dwoc phat hién

va lwu dém.

(A) S6 mau HS (B) $6 mau SHS

300

@ 2

= 100 2200

g g
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Hinh 4. S6 lwong mau dworc phat hién va lwu dém trén
Chainstore (Kich ban B). (A) S6 mau HS (Mau lgi ich
cao), (B) S6 mau SHS (Mau ban lgi ich).
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Phan tich tir hinh 4: Vé HS Found, tit ca cac
chién lwgc thich nghi (Combined, Growth,
UtilRatio) tim dwgc day di 177 mAu HS, bang v&i
tAp mau chuin. V& mit mau thuec, Fix(u=0,9) chi
tim dwoc 168 HS, mat 9 mau (-5,1%), cho thay
rui ro cua viéc lwu dém tich cwc. Vé SHS Buffered,
Adapt (MinBase) lwu dém it nhat (19 SHS) nhung
dan dén mat 3 mau, trong khi Adapt (Combined)
lwu dém 326 SHS, can bang hiéu qua gitra chi phi
phu va d6 pht. Vé hiéu qua, cic chién lwoc thich
nghi lvu dém it hon Fix(u=0,4) khoang 7-9%
(315-326 vs 349), gitp tiét kiém tai nguyén.

¢) Ty 1é dg phii va hé s6 tang toc

Hinh 5 danh gia chit lwgng va téc do cta cac
chién lwoc.

(A) Ti 1é Recall (B) Hé s6 ting toc
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Adapt (Combined
Adapt (Grow
Adapt (MinBase
Adapt (Util
Adapt (Combined
Adapt (Grow
Adapt (MinBase
Adapt (Util

Fix (u

Fix (1

Hinh 5. Danh gia chat lwong va toc do trén Chainstore
(Kich ban B). (A) Ty 1& 6 phu so véi tap méu chuén,
(B) Hé so tang toc so v&i Fix(u=0,4).

Két qua tir hinh 5: Vé do6 phu, Adapt
(Combined), Adapt (Growth), Adapt (UtilRatio)
déu dat 100% do phd, trong khi Adapt (MinBase)
dat 98,3% va Fix(u=0,9) chi dat 94,9%. Vé hé s6
tang téc, Adapt (Growth) dat 1.16X nhanh hon
baseline (tot nhit trong nhém thich nghi), Adapt
(Combined) dat 1,08% (cin bang tét gitra tdc do
va 6n dinh), Adapt (UtilRatio) dat 1,05%X (twong
dwong baseline nhung tiét kiém bo dém), va
Fix(u=0,9) dat 1,89%x (nhanh nhit nhung mait
qué nhiéu miu). Vé diém can bang t6i wu, Adapt
(Growth) va Adapt (Combined) dat diém cén
bang tdi wu vdi do pht 100% va tdc do cai thién
dang ké 8-16%.



Chuyén san Cac cong trinh Nghién ctiu, Phat trién va Ung dung Cong nghé Thong tin va Truyén thong

Két luan tir phan tich Chainstore: Chién lwoc
thich nghi gidi quyét hiéu qua vin dé sw danh déi
cda ty & ving dém c6 dinh. Cac chién lwoc thich
nghi khong chi nhanh hon ma con ddm bao khéng
bi mat mau, pht hop cho mdi treong thuc té véi
yéu ciu cao vé ca hiéu nang 1an d6 chinh x4c.

bé danh gid tinh 6n dinh, ching to6i thi
nghiém AdaptCOMBINED v&i nhiéu gia tri yu khoi
tao khac nhau (0,4, 0,5, 0,6, 0,7, 0,8, 0,9, 0,95)
trén tap dir liéu BIBLE. K&t qua cho thiy: Thoi
gian giam twr 28.8s (u khai tao=0,4) xudng 10,5s
(u khéitao=0,9); do phu duy tri > 97,5% v&i moi
u khai tao; HS Found gidm nhe tir 266 xudng 259
(chdp nhan dwoc); va SHS Buffer giam tir 391
xudng 252 (co ché thich nghi hoat dong tot).

= Chién lwoc thich nghi 6n dinh véi tham sé
khai tao. Khuyén nghi: y khoi tao = 0,6-0,7 dé
can bang tdc do va do chinh xac.

6.4. Phan tich do nhay cua tham s0 khoi tao

PE€ danh gia tinh 6n dinh cta thuit toan, ching
toi thay doi gia tri khéi tao cda p tir 0,4 dén 0,9
va quan sat anh hwdng dén hiéu nang. Phan tich
dwoc thuwc hién trén hai tdp dir liéu dai dién:
BIBLE (dtr liéu van ban, day) va Chainstore (dir
liéu ban 1é, thwa), st dung phén phéi tang trwedng
Kich ban B (10%-20%-30%-40%).

a) Két qua trén tip BIBLE

Hinh 6 cho thiy &nh hwdng ctia y khéi tao doi
v&i thoi gian va bo nhé trén BIBLE.

(A) Thoi gian (B) B6 nhé
A
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0.4 0.6 0.8 0.4 0.6 0.8
Initial u Initial 4
=@- Adapt (Comb) == Fix (u=0.4)

Hinh 6. Anh hwéng cua - khéi tao trén BIBLE. (A) Thoi
gian chay, (B) B6 nhé str dung.

(A) S6 mau HS
233 Bl B EX |

(B) S6 mau SHS

360

232 340

231 320

230 300

S6 mau HS
S6 mau SHS

229 280

228
260

227

0.4 0.6 0.8 0.4 0.6 0.8

Initial u Initial u
=@— Adapt (Comb) -~ Fix (u=0.4)

Hinh 7. Sé lwong mau theo u kh&i tao trén BIBLE. (A)
S6 mau HS, (B) S6 mau SHS lwu dém.

(A) Ti 1& Recall
= p——p—

(B) Hé s6 tang toc
1.000
2.2
0.995 20

0.990 1.8

0.985 1.6

Ti 1é Recall
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Hé s6 tang téc

0.980
1.2

0.975 1.0 (- —F——a—-a

0.4 0.6 0.8 0.4 0.6 0.8

Initial u
=@~ Adapt (Comb)

Initial p
=@~ Fix (u=0.4)

Hinh 8. Chét lwong va hiéu qua theo u khéi tao trén
BIBLE. (A) Ty 1& D8 phu, (B) Hé sé ting téc.

Hinh 7 thé hién s6 lwong mau theo u khéi tao
va hinh 8 danh gia chit lwong va hiéu qua.

Nhan xét tir két qua trén tap dir liéu BIBLE: Vé
thoi gian, gia tri gidm dan khi g khéi tao tang (tw
28,8s vdi u=0,4 xuéng 10,5s vdi u=0,9), do lwu
dém it SHS hon nén xit Iy nhanh hon. Vé b nho,
gia tri bién dong (205-241 MB) do co ché thich
nghi, nhung van kiém soat tét trong moi trudng
hop. Vé d6 phu, duy tri >97,5% v&i moi p khéi
tao, chirng to thuit todn dn dinh v&i tham sd khadi
tao. Vé HS Found, giam nhe tir 266 xu6ng 259 khi
u ting 1én 0,95 (chip nhan dwoc, chi mit 2,6%).
Vé SHS Buffer, gidm manh tir 391 xuéng 252 khi u
tang, cho thiy co ché thich nghi hoat ddong dung.

b) Két qua trén tdp Chainstore

Hinh 9 cho thdy anh hwdng cua p khéi tao trén
Chainstore. Tiép theo, hinh 10 thé hién s lvong
mau.

Cudi cung 1a biéu d6 trong hinh 11 thé hién
danh gia chit lvong.
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(A) Thei gian

(B) Bé nhé
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Hinh 9. Anh hwéng ctia 1 khéi tao trén Chainstore. (A)
Th&i gian chay, (B) B6 nhé str dung.

(B) S6 mau SHS
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Hinh 10. Sé lwong mau theo u khi tao trén Chainstore.
(A) S6 mau HS, (B) S6 mau SHS lwu dém.
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Hinh 11. Chéat lwong va hiéu qua theo u khéﬂi'tao trén
Chainstore. (A) Ty l1é D6 phu, (B) Hé so tang toc.
Nhén xét tir Chainstore: Vé thoi gian, xu hwdng
gidm tir 38.4s (u=0,4) xu6ng 10,0s (u=0,95) khi
u tang, cai thién 74%. Vé bo nhé, dao dong manh
hon BIBLE (470-605 MB) do dic tinh thwa cda
dir liéu. Vé do phu, gidam tir 100% xudng 95.2%
khi u = 0,95, van ch4p nhan dwoc. Vé sw danh déi,
véi p khéi tao = 0,4-0,6 cho do phu cao (>98%)

va thoi gian vira phai; véi p khéi tao = 0,7-0,8
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cho can bang t6t (d6 pht ~98%, ting tdc ~1.5%);
véi pu khoi tao = 0,9-0,95 nhanh nhit nhwng mat
nhiéu mau hon.

Két luan tur phan tich d§ nhay: Thuat toan hoat
dong On dinh v&i nhiéu gia tri khéi tao khac
nhau, khéng yéu cau tinh chinh tham s& phic tap.
Khuyén nghi str dung u khi tao = 0,6-0,7 cho can
bang tot gitra téc dd va do chinh xac trong hau hét
trng dung. Thuit toan cling linh dong: néu wu tién
dé pht cao, dung u = 0,4-0,5; néu wu tién toc do,
dung u = 0,7-0,8.

6.5. Phan tich theo kich ban ting truéng

P& danh gia tinh thich nghi cta thuit toan
trong cac diéu kién tang trwedng khac nhau, ching
t6i phan tich hiéu nang trén 4 kich ban da dinh
nghia & phan thiét ké thyc nghiém. Bang 12 so
sanh két qua cua Adapt (Combined) trén tip di
liéu BIBLE.

Bang 12: Hiéu nang theo kich ban tang trwéng (BIBLE).

Kich ban Thoi gian  Ting tbc D pha SHS

(s) vs Fix-0.4 (%) Buffered
A 26.5 1.08x 100.0 352
B 28.9 1.02x 100.0 418
C 30.1 0.99x 100.0 384
D 29.8 1.01x 100.0 410
Trung binh 28.8 1.03x 100.0 391

Nhén xét theo ting kich ban: Kich ban A (Pong
déu) dat hiéu qua nhit v&i hé so tang toc 1.08x
va it SHS nhat (352), vi khi dit liéu ting déu, chién
lwoc thich nghi dé dang dw doan va diéu chinh
y toi wu. Kich ban B (Tang dan) lwu dém nhiéu
SHS hon (418) do 16 sau cé tac dong 1én hon;
Heuristic Ty 1€ lg1i ich phat hién xu hwéng nay va
giam p d€ lvu dém thém mau tiém ning, véi hé
s6 tang téc van dwong (1,02%). Kich ban C (Dao
déng) 1a kich ban khoé nhit véi bién dong manh
(40%-10%-40%-10%); tuy thoi gian chdm hon
baseline mdt chit (0,99x), nhung van duy tri do
pht 100%, day la bai kiém tra kha nang chiu tai
cho tinh 6n dinh cta chién lwoc thich nghi. Kich
ban D (Gidm din) c6 16 diu 16n (40%) tao nén
tang tét, cac 16 sau nhé hon nén xit Iy nhanh, lwu
dém 410 SHS véi hé s6 tang toc 1,01 .
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Két luan: Thuat toan duy tri do phi 100%
trong ca 4 kich ban, chirng té khong bi mat miu
du di liéu bién dong. Hiéu qua tot nhit véi tang
trwdng dong déu (A), van hoat dong tdt v&i bién
dong manh (C). Co ché thich nghi phat hién va
phan &ng ding v&i cac mo hinh tang trvdng kKhac
nhau.

6.6. Tong két két qui
a) Cac phat hién dang quan tam

Hiéu qua cta chién lwgc thich nghi: Cac
chién lwoc thich nghi gidm 8-17% thoi gian so
v&i Fix(u=0,4) trén hau hét cac tip dir liéu, tiét
kiém 10-20% bod nh¢ trén cac tap dir liéu lén
(Chainstore, Foodmart), duy tri do phu > 98%
(trung binh 99,5%) trén tit ca cac tap dir liéu va
kich ban, va ddc biét hiéu qua trén tap dir liéu lon
nhw Foodmart véi tdc d6 nhanh hon 66-74%.

So sanh cac heuristic: Adapt (Growth) cho toc
dd t6t nhit cho ditliéu tang déu (Kich ban A), tang
tdc 1.08-1.16x. Adapt (Combined) 6n dinh nhét,
phu hop moi kich ban, d6 pha 100% trén 4/5
tap dit liéu. Adapt (UtilRatio) hiéu qua véi Tang/
Giam lgi ich (Kich ban B, D). Adapt (MinBase) tiét
kiém bd dém nhit nhwng d6 phu thiap hon 1-2%
trong mot sé trudong hop.

Su danh dbi gilta tbc do va do chinh xac:
Fix(4=0.4) cham nhwng d6 pht 100%, lvu dém
nhiéu SHS khong cin thiét. Fix(u=0.9) nhanh
nhat (tang téc 1.5-1.9%) nhwng mit 1.5-5.1%
mau c6 thé khong chdp nhan duwgc. Cac chién
lwoc thich nghi can bang tét véi dd phi >98% va
tang téc 1.05-1.16X.

On dinh v6i tham s6: Thuat toan hoat déng tot
véi moi p khéi tao tir 0,4-0,9, do phd gidm nhe
(<2.5%) khi p khéi tao tang 1én 0,9-0,95. Khong
can tinh chinh phtc tap, u khéi tao = 0,6-0,7 phu
hop cho hiu hét rng dung.

b) Khuyén nghi khi khai thac

Dya trén két qua thwc nghiém, ching toi
khuyén nghi sir dung chién lwoc nhw bang 13.

Bang 13: Khuyén nghi str dung chién lwoc.

Yéu chu Chién luge 1 khéi tao
Po phii cao nhat Adapt (Combined) 0.4-0.5
Cén bing toc do/chit lugng Adapt (Growth) 0.6-0.7
Uu tién toc do Adapt (UtilRatio) 0.7-0.8
B6 nhd han ché Adapt (MinBase)  0.5-0.6
Dit liéu bién dong cao Adapt (Combined) 0.5-0.6
Tap di liéu 16n (>100K chudi)  Adapt (Growth) 0.6-0.7

Do d6, néu d6 phu la yéu ciu tuyét doi (y té, tai
chinh), nén dung Adapt (Combined) vé&i u khéi
tao = 0.4-0.5. N&u c6 rang budc vé thoi gian thue,
nén dung Adapt (Growth) véi p khéi tao = 0.7-
0.8. Vé&i dir liéu c6 troi dat khai niém, cin gidm sat
d6 phu dinh ky va diéu chinh gmin néu can. Trén
moi treong thue té, khuyén nghi thir nghiém A/B
gitra Adapt (Combined) va Adapt (Growth) dé
chon chién lwgc phtt hop nhit.

1. Két luan

Bai b4o dé xuit Adaptive-RIncHusp, mét thuat
toan khai thac mau tuan tw loi ich cao déu din
(RHUSP) trén dir liéu ting truwedng véi Chién lwoc
Vung dém Thich nghi. Thay vi st dung ty 1é viing
dém u cd dinh, thuit todn tw dong diéu chinh u
tai moi 16 dir liéu dwa trén ba quy tic suy dién bd
tro: Ty 1€ loi ich, D6 khé ngwéng, va tdc do ting
truwedng. Chién lwgec COMBINED véi ham rii ro do
nhay cao f(x) = x0,25 cho phép phat hién sém
va phan &ng Kip thoi véi cac thay ddi trong di
liéu. Thuc nghiém trén 5 tip dir liéu chuin véi
4 kich ban tiang trwdng khac nhau cho thay: (1)
Hiéu suit cao: nhanh hon 8-15% va tiét kiém 10-
20% bo nhé so voi Fix-0,4; (2) Do chinh xac tot:
duy tri do phu > 97% (trung binh 99,7%) trén
tdt ca cac tip dir lidu; (3) On dinh: hoat dong
on dinh v&i moi gia tri khoi tao u tir 0.4-0.9; (4)
Thich nghi: phat hién va phan &ng hiéu qua véi 4
mo hinh tang truwdng khac nhau va (5) Kha nang
m& rong: xtr ly tét tap dir liéu 1én (Chainstore véi
1.1M chudi).

Mic du dat dwgc két qua tot, nghién ctru van
c6 mot s6 han ché can khic phuc trong twong lai.
D&i véi thiét ké quy tic suy dién, ba heuristic hién
tai dwgc thiét ké dwa trén quan sat thuc nghiém;
hwéng twong lai ¢6 thé stit dung hoc may dé hoc
cac heuristic toi wu tir dit liéu lich stt. D6i v&i loai
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mau, nghién ctru hién tai tap trung vao RHUSP
day du; mé rong cho mau dong/ téi dai (closed/
maximal patterns) cé thé gidm dang ké s6 lwong
mau dau ra. D6i véi viec xir Iy song song, thuat
toan hién tai chay tuan tw; &p dung tinh toan song
song/phan tan trén da nhan hoidc GPU c6 thé cai
thién dang ké tdc do. béi vai viéc xi ly troi dat
khai niém, cn két hop v&i cac k§ thuét phat hién
troi dat khai niém thich nghi méi nhat nhuw trong
nghién ctu cta Zhang va cs [15] dé tw dong diéu
chinh dmaxReg va minUtility khi phan phoi div
liéu thay déi dot ngot. Cubi cung la tdi wu héa da
muc tiéu, cAn can bang dong thoi nhidu muc tiéu
(thoi gian chay, bd nhé, dd pht, do chinh xac).

Véi chién lwoc ving dém thich nghi c6 thé md
ra hwéng nghién ctu méi trong khai thac mau
tang tredng, khong chi cho RHUSP ma con c6 thé
ap dung cho c4c bai toan khai thadc mau khac véi
tham sd dong
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