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Hé thong giam sat nhiét d9 tw dong cho lon
bang cam bién thé tai tich hgp cong nghé
bluetooth va hoc may

Duwong Thanh Nam', Nguyén Manh Son', Tran Thi Hoa?, Tran Son Ting!,
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Tom tit:

Hé thong giam sat nhi¢t d9 tw dong cho lgn, tich hgp cam bién thé tai két hgp véi cong nghé Blue-
tooth Low Energy (BLE) va cac mo hinh hoc may, mang lai mgt gidi phap hién dai va hi€u qua trong
viéc theo dai sirc khée dan lgn. Cac cam bién dwoe gin trye tiép 1én thé tai c6 kha ning do nhiét do
co thé ciia tirng ca thé lién tuc, ddng thoi thu thap thong tin vé diéu kién méi trwong nhu do 4m va
nhiét do chudng trai. Dir liéu dwoc truyén vé trung tim xir Iy thong qua két ndi BLE va dwoc phan
tich trén nén tang dién toin dam may. H¢ thong sir dung cic md hinh hoc may tién tién nhw PCA-
SVC, PCA-Decision tree, PCA-Random forest va 1D-CNN dé phat hi¢n sé'm cac du hiéu bit thuwong.
Trong s6 d6, md hinh 1D-CNN cho két qua noi bat véi d9 chinh xac Ién t6i 96,6%, chirng minh hi¢u
qua vuot troi trong viéc xir Iy dir liéu chudi va phat hién cac vin dé sirc khée. Viéc irng dung cam bién
théng minh khéng chi ning cao d§ chinh xac, giam chi phi nhin céng, ma con toi wu héa kha niing
giam sat theo thoi gian thwe, gop phin quan trong trong phong ngira dich bénh va ning cao hiéu qua
quan ly chin nudi.

Tir khéa: Bluetooth Low Energy, cim bién thé tai, giam sat nhiét d9 lon, hoc may, 1D-CNN.

Automatic temperature monitoring system for pigs using ear tag sensors integrated with
bluetooth and machine learning
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Abstract:

The automatic temperature monitoring system for pigs, integrated with ear tag sensors combined
with Bluetooth Low Energy (BLE) technology and machine learning models, offers a modern and
efficient solution for monitoring the health of pig herds. The sensors are directly attached to ear
tags and are capable of continuously measuring each pig’s body temperature, while also collecting
environmental information such as humidity and ambient temperature inside the housing facility.
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Data is transmitted to a central server via BLE and analysed on a cloud computing platform. The
system employs advanced machine learning models such as PCA-SVC, PCA-Decision Tree, PCA-
Random Forest, and 1D-CNN to enable early detection of abnormal signs. Among these models,
1D-CNN demonstrates outstanding performance, achieving an accuracy of 96.58%, proving its
effectiveness in processing time-series data and identifying health issues. The application of smart
sensor technology not only enhances monitoring accuracy and reduces labor costs but also optimises
real-time surveillance capabilities. This contributes significantly to disease prevention and improves
overall livestock management efficiency.

Keywords: Bluetooth Low Energy, ear tag sensor, machine learning, temperature monitoring,

1D-CNN.

1. Dt van de

Chan nudi lon 12 mot nganh truyén théng quan
trong, dong gop 1on vao an ninh luvong thuc va kinh
té ndng nghiép, dac biét tai Viét Nam. Viéc giam sat
va canh bao sém cac van dé sirc khoe cua lon 13 yéu
t6 then chdt dé ngan chan dich bénh va bao vé hé
thong chin nuoi. Trén thé gidi, nhidu nudc phat trién
dd 4p dung cong nghé tién tién trong gidm sat va
quéan 1y stc khoe vat nudi nhu: nhan dang sinh tric
hoc, phan tich hanh vi va robot ty dong hoa trong
qua trinh chan nuéi. Tuy nhién, tai Vi¢t Nam, cong
nghé hién dai van chua duoc ap dung rong rai trong

giam sat dich bénh.

Nhiét d6 co thé 1a chi s6 quan trong dé chin doan
ste khoe lon [1]. Nhiét d6 co thé 1a mot chi sb sinh
Iy quan trong, nhiét do tang Ién khi xuét hién cac
triéu chimg bénh 1y. Phuong phap do truyén thong
qua truc trang giy cang thiang va nguy co lay nhiém
chéo, trong khi h¢ théng camera gidm st hién tai
yéu cau nhan lyc va khong dap tmg dugc viée giam
sat lién tuc [2, 3].

Xuat phat tir thuc t& va cac van dé néu trén,
nghién ctru nay da tién hanh phat trién “Hé thong
giam sat nhiét d¢ tu dong cho lon béng cam bién thé
tai tich hop cong nghé bluetooth va hoc may” cho
phép theo ddi lién tyc, phat hién sém bat thuong,
tur d6 canh bao kip thoi va nang cao hiéu qua quan
1y chan nudi. Ngoai ra, nghién ctru nay lam ndi bat

tinh moi trong viée ap dung mang no-ron tich chép
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mot chiéu (1D-CNN) dé phan tich va du doan cac
bét thuong vé nhiét d6 cua lon, mot phuong phap
chua dugc sir dung phd bién trong linh vuc nay.
So v6i cac md hinh hoc may truyén thong nhur PCA-
SVC, PCA-Decision tree hay PCA-Random forest,
mé hinh 1D-CNN cho thiy kha ning hoc cac dic
trung phuc tap tir dir liéu chudi thoi gian, mang lai
d6 chinh xac vuot trdi trong viéc phat hién sdém cac
bat thuong nhiét do, tir d6 gitp cai thién hi¢u qua

giam sat sttc khoe Ion.
2. Thiét bi va phuong phap nghién ciiu
2.1. H¢ thong gidm sdt nhi¢t dp bit thuwong ¢ lon

Hé¢ thong giam sat nhiét do bat thuong cia lon
(hinh 1) gdbm: cam bién thé tai (ManTemp), thiét bi
do diéu kién moi truong chudng trai (Man-THP),
camera giam sat hanh vi, by nhéan va truyén dir liéu

(ManPoint) va Cloud server (pigman.com).

Cac cam bién thé tai ManTemp dugc gin vao tai
lon dé do va ghi nhan nhiét d¢ co thé. Dit lidu tir cam
bién ManTemp dugc truyén dén hé thong thu nhan
dit liéu (ManPoint), sau d6 chuyén dén may cha dam
may dé xur 1y va phan tich.

Thiét bi Man-THP chiu trach nhiém giam sat cac
didu kién moi trudng chudng trai thong qua cac phép
do d6 am, nhiét do va ap suat. Hé thong gitip phat
hién su thay di méi truong c6 thé anh hudng dén
nhiét d6 co thé cua lon. Déng thoi, hé théng camera

giam sat duoc 1ép dat dé ghi lai va theo ddi hoat
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Hinh 1. Hé théng giam sat hanh vi va than nhiét.

dong cua lon lién tuc 24 gi¢. Hinh anh duogc luu triv
va phan loai theo ma ID lon va vi tri camera, sau
d6 guri dén may chu dam may pigman.com dé phan

tich.

Hé thong tich hop cac thanh phan nay c6 kha
ning st dung thuat toan phan tich dir liéu dé phat
hién sém céc bét thuong vé nhiét d6 co thé lon hodc
mdi truong séng. Thong tin thu thip dwoc giup
ngudi quan 1y ap dung kip thoi cac bién phap can
thiét nham dam bao sirc khoe va an toan cho dan lon.

2.2. Cém bién nhiét dj thé tai ManTemp

Cam bién nhiét d6 thé tai ManTemp duoc thiét
ké v6i 3 thanh phﬁn chinh: chdt khoa cb dinh c6 dém
16 x0, bo mach dién ttr véi cam bién nhiét do va phﬁn
than vo (hinh 2).

2.2.1. Bo mach dién tir va cam bién nhiét dé

Bo mach dién tr sir dung cong ngh¢ iBeacon va
BLE nRF52832 (hinh 3), cho phép két ndi va truyén
dir liéu nhiét d6 cung véi ma dinh danh cua lon dén
hé¢ thong trung gian (ManPoint) va sau d6 téi may
chu ddm may. Bo vi xtt ly MCU (Microcontroller
unit) dugc tich hop trén bo mach gitip tinh toan nhiét
do lién tuc, phuc vu viéc giam sat suc khoe lon theo

thoi gian thyec.

M6t cum cam bién (dugc han trén bang mach in
tiy chinh PCB) dwoc gin vao thé deo tai cho lon dé
ghi lai thong s6 nhiét d6 va bén ngoai c6 dinh danh
riéng cho timg con dé phan biét. BO xir 1y trung tim
¢6 thé thu thap va xt ly dit li¢u (& day 1a nhiét do cua

timg con lon), tir d6 xudt ra biéu do theo ddi nhiét

do theo thoi gian.

Hinh 2. So dd ciu tao ManTemp. 1: Chét khoa cb dinh c6 dém 16 xo; 2: Bo mach dién t& v&i cam bién nhiét do;

3: Than vo.
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Do dong nRF

Céng tic nguén

Micro USB

Mo-dun nRF52

Vi diéu khién
MCU dat lai
Mach g 16i

Hinh 3. Thiét ké phan ctrng nRF52832.

Mach thu phat BLE Bluetooth 4.0 SoC nRF52832
véi bo vi xir Iy ARM Cortex-M4 64 MHz hd trg
FPU, dung lugng bd nhd RAM va Flash ting gip
ddi, hd tro BLE 5.0, v6i vu diém vuot troi vé khoang
cach va thong lugng.

Véi thiét ké linh hoat, bo mach hd trg nhiéu tiy
chon cip ngudn nhu céng Micro USB 5 V, jack do
dong nRF 3,3 V va pin CR2032 3 V. Cam bién nhiét
dd NTC-MF52 tich hop sin cho phép do nhiét do
trong khoang (-55+125°C) véi d6 chinh xac +0,5°C,
dam bao dir liéu do duoc 6n dinh va chit luong.

2.2.2. Thdn vé va chot khod cé dinh

Phan than vo cua ManTemp dugc ché tao tr
nhua tiéu chuan, bao gom hai mat trén va dudi tach
101, v&i cac canh bo xung quanh d€ bao vé cam bién.

Hinh 4. So’ d6 cau tao vé ManTemp.
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Théan v6 duoc thiét ké mot vi tri ha bac gitp cam
bién nhiét tiép xuc sat v6i da lon, dam bao d6 chinh
xac khi do. Ngoai ra, c6 mdt viung danh cho 10 xo va
chét khoa (hinh 4).

Chét khéa bao gdm dinh chdt bang vét liéu chong
gi, voi mot dau 16m dung cho kim bam va mot dau
nhon xuyén qua dém cao su dé gii thiét bi c6 dinh
chic chin. Lo xo xodn quanh dinh chdt ting d6 dan
hoi, cho phép thiét bi thich (mg véi su phat trién cua
lon va ddm bao phép do lién tuc chinh x4c.

ManTemp duoc thiét ké nho gon, thuan tién
trong st dung, gitp ngan chin phan Gng cing thang
0 lon. Phép do nhi¢t do ¢ dinh tang d6 chinh xac so
v6i cac phuong phap khong tiép xic, giam nguy co
lay nhidm. Thiét bi c6 kha nang truyén dir lidu thoi
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gian thyc toi cac thiét bi di dong hoac hé théng giam
sat tir xa, nho két hop cam bién nhiét do, MCU, céac
mo-dun cung cap dién, luu trit di liéu va truyén dan.

2.3. Mo hinh hoc may

Nghién ciru st dung bén mo hinh hoc may dé
du doan stc khoe lon dua trén dir liéu nhiét do:
PCA-SVC, PCA-Decision tree (PCA - ciy quyét
dinh), PCA-Random forest (PCA - rirng ngau nhién)
va 1D-CNN. Cac ky thuat phan tich thanh phan
(Component analysis - CA) gitp giam chiéu dit liéu,
trong khi SVC, Decision tree va Random forest 1a
cac thuat toan phan loai manh m&. PCA-SVC va
PCA-Decision tree st dung PCA dé giam s luong
dac trung, giip cac md hinh phan loai hoat dong
hiéu qua hon, nhung c6 thé mat thong tin quan trong
trong qua trinh giam chiéu. PCA-Random forest két
hop v6i nhiéu ciy quyét dinh dé cai thién d6 chinh
xac va giam overfitting. Mé hinh 1D-CNN, tuy
khéng dung PCA, nhung lai manh me trong vi¢c xtr
1y dir liéu chudi nhur tin hiéu thoi gian va am thanh
nho kha ning trich xuit dic trung phirc tap tir dir
liéu chudi.

Trong danh gia cac mo hinh hoc may, dac biét 1a
trong cac bai toan phan loai, c6 mét s6 chi sb quan
trong dugc su dung dé do luong higu suit caa mo
hinh. Nhitng chi s6 nay khong chi cung cip thong
tin vé kha nang dy doan ding hay sai cua mo hinh
ma con gitp ngudi dung hiéu rd hon vé kha ning xir
1y dir liéu ctia no, dic biét trong nhitng tinh huéng
¢6 su chénh Iéch 1on gitra cac 16p dir liéu. Cac chi
s6 phd bién bao gdm D6 chinh xac (Accuracy), Do
chinh xac duong tinh (Precision), P§ phu duong tinh
(Recall), va F1-Score. Mdi chi s6 ¢c6 mot y nghia
riéng va dugc ap dung tuy thudc vao dic thu cua bai
toan ciing nhu yéu cau cu thé ciia ngudi st dung.

Accuracy (d0 chinh xac): Ty 1€ du doan chinh xac
cta md hinh trén tong sb dir lidu.
TP+TN

Accuracy = —
y TP+TN+FP+FN

D

Precision (d6 chinh x4c dwong tinh): Ty 1¢ s6 luong
duong tinh (tc 1a du doan bénh) dugc phén loai chinh xac
trén tong s6 cac truong hop dugc phan loai 1a duong tinh.
2

TP
TP+FP

Precision =

Recall (@6 phu dwong tinh): Ty 1& sé luong
dwong tinh dwoc phén loai chinh xéc trén téng sb
cac truong hop thyc té 1a duong tinh.

TP
TP+FN

Recall =

&)

trong d6: TP: True positive (Dy doan ding duong
tinh); TN: True negative (Du doan ding am tinh);
FP: False positive (Du doan sai duong tinh); FN:
False negative (Dy doan sai am tinh).

3. Két qua va ban luan

3.1. Thur nghiém trong phong thi nghi¢m

3.1.1. Hiéu sudt ciia Bluetooth Low Energy

Pham vi hoat dong cuia mo-dun BLE phu thudc
vao loai dng-ten va suy hao dudng dan (hinh 5),
duoc tinh theo phuong trinh (4) dudi day [4]:

Suy hao dudng dan = 40+25xlog(d) 4)

trong d6: d 1a khoang cach gilra may phat va may
thu. B9 nhay cua may thu BLE nRF52832 1a -70
dBm, véi cong sudt phat tir -18 dén +8 dBm. Vi du,
v6i cong sudt phat +8 dBm va do nhay -70 dBm, suy
hao duong dan dat +78 dB, tuwong tng véi khoang
cach giao tiép 1y thuyét 1a ~33 m.

110 -

,_.

=

(=]
T

o
(=]
T

Suy hao dwémg dan (dB)

i
(=]
T

40 L 1 L L L ]
0 30 100 130 200 250 300

Khoang cach (m)

Hinh 5. Biéu dd biéu dién suy hao dwéng dan thu
dworc tir phwong trinh (4).

Nghién ctru da thir nghiém 10 cam bién ManTemp
& nhiéu khoang cach va téc do 1dy mau khac nhau
dé t6i wu hoa thoi lugng pin. Voi toe do 1y mau
5 1an/gidy, mo-dun bluetooth tiéu thu dong dién 3
mA, trong khi cdm bién nhiét do tiéu thu 1,5 mA.
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Str dung pin CR2030 véi dung Iugng 230 mAh, thoi

luong pin udc tinh 1a 51 gio.

Dé kéo dai tudi tho pin, ManTemp dugc cAu hinh
dé chi do nhi¢t do khi phat hién bat thuong kém theo
tin hiéu dén nhdy sang. Diéu nay gitip giam tan suat
do khong can thiét, tap trung vao cac thoi diém co
bién d6i nhiét do, qua do tiét kiém ning luong va

tang thoi gian st dung thiét bi.

Viéc két hop dén nhay sang va phat hién nhiét d¢
bét thuong gitp toi wu hoa hidu sudt va tiét kiém pin,
phu hop cho céc tmg dung yéu cau theo ddi nhiét do

mot cach thong minh va tiét kiém ning lugng.

3.1.2. Bdc tinh nhiét @ va danh gia hiéu chudn

ciia thiét bi ManTemp

ManTemp la thiét bi do nhiét d¢ co thé lon, hoat
d6ng trong pham vi nhiét d6 -5+125°C. Dé dam bao
tinh chinh xac va 6n dinh, viéc hiéu chuén thiét bi
truge khi st dung 1a bit budc. Quy trinh hiéu chuan
duoc thuc hién tai ba diém nhiét d6 dic trung (35,
40 va 45°C), trong diéu kién moi truong 6n dinh
v6i nhiét do 25+2°C va do am tuong dbi 50+60%.
Qua trinh hi¢u chuén dua trén so sanh truc tiép gitta
gia tri do ctia ManTemp va to hop thiét bi chuan

(Rotronic).

Hinh 6. Hé théng giam sat nhiét do trai Ion (ManTemp, Man-THP, ManPoint).

Hinh 7. Cam bién thé tai (ManTemp) dwoc bam vao tai trai cua lon.
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Bang 1. D6 khéng dam bao do nhiét dé (k=2, U=95%).

Diém Gia tri trung binh Gia tri trung binh $6 higu chinh (°C) D6 khong dam bdo do
chuin (°C) ciia chuén (°C) ciia dbi tugng (°C) e mé rong (°C)

35 34,900 34,70 0,20 1,0

40 39,910 39,80 0,11 1,0

45 44,910 45,10 0,19 1,0

Két qua higu chuan cho thiy, sai s nho & tat ca
cac diém: tai 35°C, sai sb 14 0,20°C; tai 40°C, sai s
0,11°C; tai 45°C, sai $6 -0,19°C. b9 khong dam bao
do mé rong & cac diém la 1,0°C, nam trong gidi han

cho phép.

Két qua tir cac diém kiém tra cho thdy, ManTemp
hoat dong 6n dinh trong dai nhiét do dugc yéu cau.
Do khong dam bao do md rong tai tat ca cac diém
14 1,0°C, phu hop véi tiéu chuin cia thiét bi va dam
bao tinh chinh xé4c khi do nhiét do co thé lon (bang
1). So véi cac thiét bi tuong ty, ManTemp thé hién
dd chinh xéac cao va 6n dinh, dic biét 1a & cac diém
nhiét dd quan trong trong quy trinh theo doi suc

khoe dong vat.

Qua qua trinh hi¢u chuén, thiét bi ManTemp da
chung minh dugc kha nang hoat dong dang tin cay
trong viéc do luong nhiét do. Vai sai s6 nho va do
khong dam bao do mé rong nam trong gidi han tiéu
chuan, ManTemp dép tmg t6t cac yéu cau k¥ thuat
ctia mot thiét bi giam sat nhiét do trong chan nuoi.
Maic du c6 nhiing sai s6 nho & mot sd diém nhiét
d6, nhung nhiing sai s6 nay déu nam trong pham vi
chip nhan duoc, khong anh huong 16n dén két qua

do luong va danh gia strc khoe dong vat.

Viée so sanh voi céac thiét bi do nhiét do khac
cho th?iy, ManTemp co6 loi thé vé tinh 6n dinh va
kha niang duy tri do chinh xac trong sudt qua trinh
van hanh. Piéu nay khién ManTemp tro thanh mot
giai phap hi€u qua va tin cdy trong linh vyc theo
dodi nhiét do trong chan nuoi lon, dic biét khi so
sanh v6i cac phuong phap do nhiét do khong tiép

xuc khac.

3.2. Thik nghiém trén cd thé lon

Trong thir nghiém thuc dia, hé théng cam bién
thé tai ManTemp dugc kiém tra trén 5 ca thé lon
c6 trong luong trung binh 24 kg, theo doi lién tuc
trong 600 phut dé danh gia hiéu qua va tinh on dinh
trong diéu kién chudng trai thuc t& (hinh 6). Cam
bién dugc gin vao tai trai cua lon (hinh 7), khong
gdy ra phan ng cing thang, dam bao an toan va
khong anh huong dén hanh vi hay stic khoe ciia
lon. Than nhiét binh thuong cua Ign khoe manh dao
dong trong khoang 38,5-39,5°C. Tuy nhién, trong
sudt qua trinh theo ddi, nhiét d6 co thé cua lgn co
thé dao dong 37,5-40,5°C do cac hoat dong sinh 1y
nhu an udng, di chuyén va tam rira. Dit liéu thu thap
tir ManTemp cho thdy, kha ning giam sat nhiét do
co thé gén v6i thoi gian thyce, dat d§ chinh xac cao,
tir d6 gitip phat hién sém cac déu hi¢u bat thudng vé
stc khoe cua lon.

Hé thdng cam bién ManTemp d duoc thir nghiém
trong diéu kién thuc té tai chuéng trai, theo doi nhiét
dd co thé lon trong khoang cach 25-30 m, vdi do
chinh xdc cao va kha ning giam sat gan thoi gian
thuc. Hé thong phat hién va canh bao som cic dau
hiéu bat thuong vé stic khoe théng qua sy thay ddi
nhiét d6. Pdng thoi, hai cam bién méi truong (Man-
THP) dat tai cac vi tri khac nhau trong chuéng trai
ghi nhan nhiét d6 trung binh 35,5°C va do am trung
binh 55,7%RH, véi do 1éch chuén thap, cho thdy tinh
6n dinh cao. Hé thong ManTemp két hop voi Man-
THP cung cap dif liéu toan dién, gitip giam sat hiéu
qua moi truong sdng cta lon va phat hién sém cac

van d¢ suc khée tiém an (hinh 8).
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ManTemp va 2 thiét bj Man-THP.

b6 moéi truong séng cia lon. Didu
nay giup tang cuong kha nang dy
b4o va phat hién sém cac van dé
tiém 4n, lién quan dén suc khoe
cua lon, dic biét 1a cac thay do6i
dot ngot vé nhiét d6 hodc do am.

Hé théng ManTemp di chimg
minh kha nang hoat dong 6n dinh
va cung cap dit lidu c6 gia tri trong

e viéc giam sat suc khoe lon. Cam
bién ManTemp theo ddi nhiét do
N co thé lon mot cach chinh xac

ma khong anh huéng dén hanh
vi ty nhién cua ching, diéu nay
rat phu hop cho ung dung trong
thuc té chin nudi. So voi phuong
phép thu cong hay dung camera,
ManTemp ty dong hoéa qua trinh
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thu thap va xu ly dor li¢u, giam
thiéu chi phi va cong strc, dong
thoi cung cp kha ning giam sat
tir xa va gan nhu trong thoi gian
thuc, giup phat hién sém céac bat
thudng vé sirc khoe.

Hé théng vuot troi hon so voi
céc giai phap hién tai vé do chinh
xéac, d6 6n dinh va kha nang phat

Hinh 10. Hé théng theo dbi nhiét d6 ManTemp.

So v&i cac hé thdng giam sat moi truong khac
trong chan nudi, hé thong ManTemp két hop vai cac
cam bién moi truong Man-THP mang lai sy on dinh
va do chinh xac cao hon. Viéc dit cac cam bién &
nhiéu vi tri khac nhau gitip theo doi va phat hién
nhiing thay doi trong méi truong mot cach toan dién
hon, d¢am bao rang dir liéu thu thap khong chi phan
anh mot phan cta chudng trai ma con bao quat toan

68 | Tap 2025 *S6 2 * Thang 12

hién sém. Bén canh theo doi nhiét
d6, ManTemp con tich hop cac
cam bién moi truong dé giam sat
cac yéu t6 nhu d6 am, gitip cai thién hiéu qua chim
soc va nudi dudng. Thir nghiém cho thiy ManTemp
¢6 do chinh x4c cao va hd trg ngin ngira dich bénh
qua viéc phat hién sém céc tridu ching bat thuong.
Thiét bi ManTemp duoc gan tryc tiép 1én lon, ghi
nhan lién tuc nhiét do va truyén dir lidu 1én hé thong
dé phéan tich (hinh 9). Thuat todn phat hién sy thay
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d6i nhiét do bat thuong, canh bao kip .,
thoi vé nguy co bénh dich, cho phép

nguoi quan ly va chuyén giathuy can 100
thi¢p nhanh choéng. Dit li€u nay ciing
duoc luu trir dé tao lich su stre khoe,
gitp nguoi quan 1y hiéu rd hon vé
yéu to anh huong dén strc khoe ciia
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dan lon, tor moéi truong nudi dén dinh ~ «
dudng va cham soc (hinh 10).
20,
3.3. Dw doan sw bat thwong
0

3

nhiét dé bang mé hinh hoc mdy

Pé tang cuong kha ning phat
hién sém cac bt thuong vé nhiét do
0 lon, nghién ctru da st dung bdn mod
hinh hoc may khac nhau: PCA-SVC, PCA-Decision
tree, PCA-Random forest va 1D-CNN. Muc tiéu cta
viéc ap dung cac mo hinh nay la phan tich va du
doan cac trang thai nhiét do thong thuong (BT) va
bat thuong (BBT) tr vi¢c thu thap nhiét do dir ligu
dugc thong qua hé thong cam bién thé tai ManTemp.

nhiét do.

Qua trinh chuén bj dir liéu cho hé théng giam sat
than nhiét lon PigMan bao gém viéc lua chon va xu
ly dir liéu tr 1500 thé tai ManTemp cta ca lon binh
thuong va bét thuong. D@ liéu dugc phan loai dya trén
ngudng nhié¢t do: lon c6 nhié¢t do <40°C (TN) dugc coi
la binh thuong, trong khi lon ¢6 nhiét 4§ >40°C (TP)
duoc coi 1a bat thuong. Ching toi da sir dung cac mo
hinh hoc may, bao gom; Phan tich thanh phan chinh
két hop voi PCA-SVC, PCA-Decision tree, PCA-
Random forest va 1D-CNN dé danh gia hi¢u suat du
doan trén cung mot bo dir lidu. Két qua du doan lon
bét thuong tur cdc mo hinh thu dugc tai bang 2.

Dir lidu trén phan anh két qua phéan loai ciia
bén mé hinh hoc may, bao g@)m PCA-SVC, PCA-
Decision tree, PCA-Random forest va 1D-CNN,
dwa trén cac chi sé True positive (TP), True negative
(TN), False positive (FP) va False negative (FN). Mo
hinh PCA-SVC c¢6 két qua kém nhit v6i 694 truong
hop du doan ding lon bat thuong va 806 truong hop

Bang 2. Két qua dw doan lon bat thwong tir cac mé
hinh.

M5 hinh TP TN FP FN
PCA-SVC 694 806 145 160
PCA-Decision tree 607 893 58 73
PCA-Random forest 591 909 42 57
1D-CNN 568 932 19 34

86 chinh xac (%)

B chum (%) TY 1€ thu hdi (%) DIEm F1 (%)

mPCASVC m PCADecisionTree W PCA-Random Forest  m 1D-CNN

Hinh 11. Biéu dd danh gia mé hinh dw doan bat thwong duwa trén cam bién

dang lon binh thuong, nhung lai co6 sb luong du
doan sai kha cao véi 145 sai duong tinh (FP) va 160
sai am tinh (FN). Trong khi d6, PCA-Decision tree
cho théy su cai thién rd rét, voi sb luong sai duong
tinh va am tinh giam dang ké, chi con 58 FP va 73
FN, cung v6i do chinh xac t6t hon trong phan loai.
PCA-Random forest thé hién hiéu suit cao v&i 929
truong hop TN va 571 TP, dong thoi chi c6 22 FP
va 37 FN, cho thdy kha ning phan loai rit dang tin
cay. Cudi cung, 1D-CNN Ia mé hinh c6 hiéu suét
t6t nhat, v6i chi 19 FP va 34 FN, phan anh kha ning
phan loai chinh xac va 6n dinh nhit trong s6 cic mod
hinh dugc so sanh. Piéu nay cho thay, ID-CNN la
lua chon tbi wu khi can giam thiéu sai sot trong du
doéan bat thuong nhiét d cia lon. Cu thé, két qua
danh gia mo hinh dy doan sy bat thuong cta lgn dya
trén dir liéu cam bién nhiét do theo thoi gian bfing
cac thuat toan hoc may (hinh 11).

Mo hinh PCA-SVC dat d6 chinh xac 83,1%, véi
Precision 82,7% va Recall 81,3%. Mac du c6 kha
nang phan loai kha, mé hinh nay van bo st mot so
truong hop bat thuong do viée giam chiéu dit liéu
bang PCA c6 thé lam mit thong tin quan trong.

M6 hinh PCA-Decision tree c6 do chinh xac tang
lén 92,0%, voi Precision 91,3% va Recall 89,3%.
Mo hinh nay cai thién kha nang phéan loai nhd cdu
trac phan nhanh cua cay quyét dinh, nhung van co
nguy co overfitting khi xtr 1y dir liéu phtrc tap.

Mo hinh PCA-Random forest véi d0 chinh xac
93,8%, Precision 93,4% va Recall 91,2%, mo hinh
nay cho thay hiéu suit tot hon nho viéc tong hop két
qua tir nhiéu cay quyét dinh, giam thiéu overfitting
va tang kha ning tong quat hoa.
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M& hinh 1D-CNN dat hiéu suat cao nhét véi do
chinh xac 96,6%, Precision va Recall déu dat 96,8
va 94,4%. 1D-CNN c¢6 kha ning trich xuét cac dic
trung phtrc tap tir dit liéu chudi thoi gian, giup phat
hién chinh xac cac bat thudng nhiét do.

Mbi twong quan giita céc chi tiéu cho thdy 1D-CNN
vuot trdi hon cac mo hinh khac trong viéc can béng
gitra d9 chinh xac va kha nang phat hién day di cac bat
thuong, khang dinh tiém ning 16n cua viéc Gmg dung
mang no-ron tich chép trong giam sat suc khde lon.

Két qua nghién ctru phu hop véi xu huéng trong
linh vuc trng dung hoc sau vao giam sat suc khoe vat
nudi. Cu thé, viée su dung mang no-ron tich chép
dé phan tich dit liéu cam bién da duoc chimg minh
1a hiéu qua trong nhiéu nghién ctru trude day. Vi
duy, nghién ctru ctia B. Savoini va cs (2025) [5] da
st dung 1D-CNN dé phan tich dir liéu va phat hién
som bénh ¢ gia suc, dat do chinh xac 90%. Két qua
96,6% ctia nghién ciru nay cao hon, cho thay tiém
nang lon cua viéc ap dung 1D-CNN trong giam sat
suc khde lgn. Ngoai ra, nghién ctru cua Y. Kim va cs
(2019) [6] da 4p dung Random forest dé phan loai
tinh trang strc khoe ¢ lon dua trén dir liéu hanh vi,
dat do chinh xac 92%. Két qua 94,5% cua nghién
ctru ndy v6i PCA-Random forest cho thdy, viéc két
hop giam chiéu dir liéu bang PCA c6 thé cai thién
hiéu suét mé hinh.

Céc két qua cho thdy, mé hinh 1D-CNN c6 hiéu
suét vuot troi trong viéc du doan sy bat thuong nhiét
d6 ¢ lon, nho kha nang hoc cac dic trung phuc tap tu
dir liéu chudi thoi gian. Viéc phat hién sém cac bat
thuong nhiét d6 la rat quan trong dé ngan chan dich
bénh va dam bao surc khoe dan lIon. So vdi cac mo
hinh truyén théng, 1D-CNN khong chi cai thién do
chinh x4c ma con dat sy cin bang tot giita Precision
va Recall.

4. Két luan

Nghién ctru nay da phat trién va thir nghiém hé
théng giam sat nhiét do ty dong ManTemp danh cho
chan nuoi Ign, st dung cam bién thé tai va két ndi
Bluetooth song ngén (BLE). Két qua cho théy, hé
théng ManTemp c6 kha ning do luong va truyén tai
dit liéu nhiét d6 chinh xac, hiéu qua trong viéc phat
hién cac bat thudong vé nhiét d6 co thé cia lon.
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Céc thuat toan hoc may duoc ap dung, bao gdm
PCA-SVC, PCA-Decision tree, PCA-Random forest
va 1D-CNN, da duoc danh gia dya trén cac chi tiéu
dd chinh xac, precision, recall va Fl-score. Trong
d6, 1D-CNN da chung minh la m6 hinh hi€u qua
nhét v6i do chinh xac 96,6%, vuot trdi so véi cac
mo hinh khac. Piéu nay khing dinh tiém ning cua
ID-CNN trong viéc xu ly dir lidu chudi thoi gian,
gitip phat hién sém cac bét thuong va cac dau hiéu
bénh tat.

Hé théng ManTemp khong chi 1a mot budc tién
trong viéc ing dung cong ngh¢ vao chan nudi ma
con mé ra nhiéu co hdoi moi dé xay dung mot nén
ndéng nghiép thong minh. Viéc két hop giita cong
nghé cam bién va cac thuat toan hoc may trong giam
sat suc khoe lgn, mo ra hudng di méi trong viéc ap
dung cong nghé s6 vao ndng nghiép. Cac nghién ctru
tiép theo c6 thé mo rong pham vi img dung sang cac
loai vat nudi khac va tiép tuc tdi uu héa cac mo hinh
hoc may dé nang cao hiéu suat du doan.

LO1 CAM ON

Nghién ctru nay dugc hd tro boi Vién Han 1am
Khoa hoc va Cong nghé Viét Nam trong dé tai ma sb
CN4000.01/21-23. Cac tac gia xin chan thanh cam on.
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Phong chong phuwong tién bay khong ngwoi 1ai
dua trén chiém quyén diéu khién giao thirc:
Mot so0 van dé ky thuat va gidi phap minh hoa

Buii Cong Thanh®, Phung Pirc Diing, Pong Xuin Chinh
Vién Nghién ciru 486, By Tu lénh 86, phuwong Xuan Dinh, Ha Noi, Viét Nam
Ngay nhan bai 8/11/2024; ngay gtri phan bién 10/11/2024; ngay nhan phan bién 5/12/2024; ngay chép nhan dang 12/12/2024

Tém tit:

Phwong tién bay khong nguoi 14i (UAV) ngay cang déng vai tro quan trong trong ca linh vwe déin sw
va quén sy nhd tinh linh hoat, chi phi van hanh thap va kha ning thyc hién nhiém vu kéo dai. Tuy
nhién, sw phd bién rong rii nay ciing dit ra nhiéu thach thirc vé an ninh, dic biét trong viéc quan Iy
va ngin chin cac hoat dong UAV trai phép. Trong sb cac ki thuit phong chéng UAV hién nay, phwong
phap chiém quyén diéu khién bing cich khai thac 16 hong trong giao thirc diéu khién dang dwgc danh
gi4 12 hwéng tiép cin tiém ning va tiét kiém chi phi, dic biét phut hop véi muc tiéu nghién ciru va ing
dung trong qudc phong. Bai bao trinh bay mét sé két qua nghién ctru lién quan dén phwong an phong
chéng UAV théng qua chiém quyén diéu khién giao thirc MAVLink - mdt giao thirc truyén thong nhe
dwoe sir dung rong rii cho viéc diéu khién va truyén thong tin UAV. Két qua cho thiy, do MAVLink
1.0 thiéu mi héa va xac thue, ké tin cong cé thé dé dang gianh quyén diéu khién UAV. M6 phéng nay
g6p phan hd trg dao tao, nghién ctru trong diéu kién thiéu trang thiét bi thye té, dong thoi mé ra cac
hwéng nghién ciru chién lwge phong chdong UAV chii dong va hiéu qua hon trong twong lai.

Tir khéa: MAVLink, phong chdng phwong tién bay khong ngudi lai, phwong tién bay khong nguwdi lai.
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Abstract:

Unmanned aerial vehicles (UAVs) have become increasingly integral in both civilian and military
domains due to their flexibility, cost-effectiveness, and mission endurance. However, this widespread
adoption introduces complex security challenges, especially in terms of managing and preventing
unauthorized UAV activities. Among the emerging counter-UAV techniques, hijacking UAVs by
exploiting control protocol vulnerabilities is considered a promising and cost-efficient approach,
particularly for research and defense applications. This paper presents technical findings related
to hijacking-based countermeasures against UAVs by targeting the MAVLink protocol - a widely
adopted lightweight communication protocol for UAV command and telemetry. The research outlines
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the architecture of UAV control systems, identifies protocol vulnerabilities and demonstrates how
spoofed control packets can lead to full UAV takeover. The results show that, due to the lack of
encryption and authentication in MAVLink 1.0, an attacker can successfully disrupt and override
mission commands, effectively hijacking UAVs. This virtual simulation provides a valuable resource
for education, training, and further research on UAV cybersecurity, particularly in environments
where access to real UAV systems and field conditions is limited. The study emphasizes the importance
of protocol security in UAV systems and opens new directions for proactive defense strategies.

Keywords: Counter-UAV, MAVLink, Unmanned aerial vehicle.

1. Dat van de

Phuong tién bay khong nguoi 1ai 1a loai phuong
tién hoat dong khong can nguoi lai, dugc ché tao dya
trén nhiéu cong nghé trong mot hé thong chinh thé,
tinh vi ca vé phan cimg, co khi, phin mém va chién
thuat. Nho nhitng vu diém nhu kha ning co dong
ddc lap, hoat dong trong diéu kién khic nghiét, thoi
gian dai, chi phi thap va kha ning che giau tot, UAV
ngay cang trd nén phd bién trong moi linh vuc doi
song, x4 hoi, bao gdm ca nha may, nong nghiép... va
qudc phong, an ninh. Tir d6 cling tao ra nhidu van dé
mai vé quan 1y, phong chéng UAV dé dam bao qudc
phong, an ninh [1].

Trong quan ddi ciia cac nudc phat trién, UAV 1a
luc lwong dugc bién ché chinh thirc va phd bién nhu
hau hét cac hé thdng vii khi thong thuong [2, 3].

Trong thap ky qua, chung ta di chung kién sy
dau tu quyét liét ciia cac nude cho UAV. Nam 2012,
Hoa Ky chi gan 5 ty USD danh cho nghién ciru, phat
trién va mua saim UAV chién luoc. Téng thong Nga
Putin c6ng bd khoan ngén sach 12,2 ty USD dau tu
cho phat trién UAV trong khoang thoi gian 2013-
2020; tinh d&én nam 2010, di c¢6 42 chinh phii nudc
ngoai mua UAV ctia Israel [3]. Theo B6 Qubc phong
Hoa Ky, tinh tor nam 2001 dén nam 2023, hon 23
triéu gi¢ bay da dugc ghi nhan cho cac UAV cua
quan doi Hoa Ky, riéng trong nam 2023 da c¢6 hon 2
triéu gio bay [4].

Sy dau tu cho nghién ctru, phat trién viéc quan
ly, kiém soat ma goi chung la phong chong UAV
cling dugc dac chi trong, dac biét 1a trong Quan doi.
Tinh dén 3/2024 trong cudc xung dot Nga - Ukraine,
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Nga di kiém soat, tiéu diét hon 16 ngan chiéc UAV;
s6 liéu nay tir phia Ukraine 14 hon 8 ngan [5]. Trong
nude, mot sd cac san phdm phong chdng UAV dugc
biét dén nhu CA-18 do Hoc vién K§ thuat Quan su
san xuat, DroneGun do Hang Drone Shield san xudt
duogc su dyng tai mot s6 don vi an ninh, dan quan.

Céc cong nghé chéng UAV thuong duoc ap dung
cho tung truong hop, ting muc dich va tung loai
UAV tuong tng dé dat hiéu qua cao. Vi cac cudc
xung dot gan ddy, ta c6 thé thiy rang, nhitng phuong
thire nhu gay nhiéu, gia mao hay tac dong mat vat 1y
déu da qua phd dung & cac nude 16n, chi phi 16n va
thuong hiéu qua chua dat mong mudn. Véi viéc da
s6 cac UAV dang sir dung nén tang TCP/IP cho céc
kénh diéu khién, viéc nghién ciru phong chéng UAV
dua trén tin cong mang diéu khién UAV dang duoc
danh gia 1a tiém nang, giup giam thiéu kinh phi va
t6n thét lyc lugng.

Bén canh do, trong diéu kién ha tﬁng cho hoc
tap, nghién ciru UAV con hét sirc khé khan, dic biét
1a linh vyc tic chién khong gian mang vao UAV.
Do cac thach thire nhu: thiéu trang thiét bi, phuong
tién cho nghién ciru, diéu kién khong gian cho thir
nghiém UAV, moi truong mang li€n quan dén UAV,
qué trinh thir nghiém can phai t6 chirc ca doi hinh
nén tén nhidu cong stc... [1]. Do viy, viéc nghién
ctru md phong kich ban phong chéng UAV ludn
dugc quan tdm nghién ctu [1, 6], két qua nghién
ctru giup hd trg cho cong tac hudn luyén, nghién ciru
vé phong chdng UAV.

Trong ndi dung tiép theo, phan 2 sé trinh bay mot
s6 kién thirc ¢o tinh 1y thuyét nén tang lién quan
dén nghién clu; phén 3 phéan tich kha nang tan cong
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chiém quyén diéu khién ddi véi giao thire MAVLink;
phuong 4n mé phong kich ban tin cong mang vao
UAV bang cac cong cu, phan mém sin ¢ dugce trinh
bay trong phan 4.

2. Co sd Iy thuyét lién quan

2.1. Kién tric ciia phwong tién bay khong
nguoi lai

Mot hé théng UAV 1a t6 hop nhiéu thanh phin
cong nghé, cac khéi chinh c¢6 thé chia 1am hai nhom:
Khéi thanh phan co ban, 1a cac thanh phan can thiét
cho mdt UAV ¢ ca phia thiét bi bay va tram diéu
khién; Khi thanh phan tich hop, 1a thanh phan c6
tinh nang cao theo tirng muc tiéu cu thé, bao gdm cac
loai chinh nhu camera, cam bién, hé théng rada tich
hop, vil khi. M6 ta timg thanh phan co ban nhu trén
hinh 1.

———— e o e e = =

Auto Pilot

P

]

|

|

|

|

|

| b S
|

|

|

1

|

1 ..

.
|

______ ~ -

i, Thong tin lién lac, RF
\_,f {l]ﬂz—-‘

Pé dam bao hoat dong ty hanh thong minh, cac
UAV thuong bao gdm rat nhiéu kénh thong tin nhu
tai hinh 2 [7], trong d6: L1 14 lién két lién lac giita
cac UAV dua theo chuan thong dung IEEE 802.11;
L2 tuwong vmg la cic giao tiép giita UAV va tram
phat song (BS); L3 1a lién két truyén thong giita cam
bién khong day (WS) va BS; L4 lién lac giita cac nit
cam bién khong day WS; L5 lién lac giita cac BS;
L6 lién lac twong tmg giira diéu khién qua tram mat
dat (Ground control station - GCS) va BS.

Lién lac tir xa v6i UAV qua song vo tuyén la
xuong sdng trong viéc diéu khién thanh cong thiét
bi bay. Dé lién lac véi UAV, thong tin phai dugc
truyén lién tuc tir UAV dén GCS, do d6 lién két hai
chidu duoc thiét 1ap giita chiing dé dam bao guri 1énh
va thuc hién Iénh tir xa theo thoi gian thuc. Thong
tin tra vé chira di liéu vé vi tri dia 1y, toc do bay,
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Hinh 1. Cac thanh phan lién quan dén phwong tién bay khéng ngui lai.
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Hinh 2. Cac kénh lién lac thong tin lién quan dén phwong tién bay khéng ngwi lai [7].
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cac thong sb6 do dugc tir cam bién vé moi trudng
xung quanh... ghi lai trong subt qua trinh bay. Kénh
thong tin diéu khién UAV duoc giri 1én tir GCS chira
cac 1énh dé diéu khién nhu hudng bay tiép, toc do
bay m&i, 1én cao hay xudng thap... Pay ciing la ddi
tuong chinh dugc bai bao tap trung trinh bay, cu thé
hon 13 ¢ 16p giao thirc didu khién UAV.

2.2. Tin cong mang vao phwong tién bay khong
nguwoi lai

Dudi goc do tan cong mang, UAV cd cac
thanh phan chinh c6 thé bi khai thac boi tac
chién mang nhu sau:

- Kénh dinh vi, dan duong: UAV c6 nhiéu co ché
dé xac dinh phuong huéng di chuyén nhu st dung
hé thdng dinh vi GNSS, tram diéu khién mat dat
bay theo biy dan, hay ty hanh thong qua nhan dang
quang hoc. Do vy, ¢ thé tac chién mang dén van
hanh, di chuyén ciia UAV [7].

- Kénh diéu khién hoat dong: thuong bao gdm
kénh diéu khién lénh va kénh nhan trang thai UAV.
Kénh diéu khién duong 1én dé truyén lénh diéu
khién bay tir khdi diéu khién tir xa dén UAV. Kénh
trang thai duong xudng dé truyén thong tin trang
thai bay (vi tri, do cao, lugng dién, tdc do. . )t UAV
vé ngudi didu khién [7].

- Kénh truyén thong dir liéu: Vi muc tiéu trinh
sat thong tin, UAV thu thap da dang thong tin, ¢ cac
kiéu dir liéu khac nhau (hinh anh, am thanh, nhiét
d6, mtic do buc xa RF...). Cac dir liu nay s€ duoc
truyén dén cac tram ¢ dinh, di dong hay cac UAV
khéac qua kénh thong tin dit liéu; cac UAV thuong
mai thuong phai tuan thii cac chudn giao thic diéu
khién, két ndi theo quy dinh. Do vay, phong chdng
UAV thong qua tac chién mang dén dir liéu va cac
kénh thong tin lién lac nay 1a hoan toan c6 co sé [7].

- Khéi dién tir va phin mém UAV: Ban chit UAV
¢6 chira cac thanh phan cho phép diéu khién bay, thong
tin diéu khién, thong tin lién lac. Cac khdi nay ban chat
la cac bo mach, firmware, phﬁn mém va hé diéu hanh.
Do vay, tiém 4n céc 15 héng bao mat va co thé 1a muc
tiéu khai thac tac chién mang. Ngoai ra, vicc UAV
thudng c6 tai nguyén han ché dé giam tai trong, ning
luong ciing dan dén d& bi tan cong dang tur chéi dich vu.

74 | Tap 2025 * S62 * Thang 12

- Tram diéu khién mat dat, trung tdm chi huy:
Tram mat dat va trung tdm chi huy thuong chira co
so dir liéu quan ly, diéu hanh va dit liéu trinh sat cta
UAV. Céc tram mat dat thudng két ndi online/offline
v6i cac hé thong mang cong nghé thong tin chuyén
dung dé trao dbi dit liéu. Do vay, viéc tac chién vao
cac trung tim mat dat nay c6 thé gitp thu thap duoc
cac thong tin co mat, qua d6 giup phong chéng UAV
hiéu qua.

2.3. Kénh diéu khién hogt dgpng UAV

C6 hai kiéu co ban cho diéu khién UAV, diéu
khién tir xa truc tiép va GCS. Trong hé théng diéu
khién tir xa tryc tiép, ngudi ding quan sat UAV hodc
quan sat camera gan trén UAV va diéu khién camera
bang bo diéu khién. UAV duoc diéu khién trong thoi
gian thuc bang cach truyén ménh 1énh qua kénh diéu
khién hoat dong.

Ca bo diéu khién va UAV duogc két ndi thong
qua mot mo-dun thue hién giao tiép giita ching véi
su trg gitp cua cac giao thic truyén thong. Thong
thuong 1a wifi, ZigBee va nhiéu thiét bi mang khac
duogc su dung dé lién lac.

bdi v6i hé théng tram diéu khién mat dat, st
dung mot may tinh dé két ndi phan mém véi UAV,
sau d6 thyuc hién 1énh nhiém vu do nguoi dung tai
1én. Bing cach thu thap thong tin tir nhiéu cam bién
dugc cai dat trén UAV, GCS c6 thé theo doi trang
thai UAV, chéng han nhu d¢ cao hién tai, khoang
cach, vi tri ban dd va trang thai nhi€ém vu thuc té.

Céac UAV duoc diéu khién hoat dong bay qua cac
két ndi vo tuyén voi cong nghé nhu trai phd nhay tan
(FHSS/DSSS) hé théng dich vu dan dudng toan ciu
v¢ tinh (GNSS), wifi, bluetooth, SG/LTE.

Thu thap va nhan dang giao thirc diéu khién cta
UAV la qué trinh thu thap thong tin v& cac tin hiéu
va giao thirc dugc sir dung dé diéu khién may bay
khong ngudi 14i, sau d6 phan tich di liéu diéu khién,
nhén dang giao thuc diéu khién dé thuc hién céac tin
cong leo thang tiép theo.

Bang cach phan tich dir liéu da giai diéu ché,
ta co thé xac dinh cac truong thong tin quan trong
trong goi tin, bao gdm dia chi ngudn, dich va cac
1énh diéu khién giri dén UAV. Sau khi da hiéu rd cu
tric cta goi tin va cac thong tin quan trong trong
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d6, ching ta ¢ thé tién hanh gia mao cac géi tin
diéu khién. Piéu nay cé thé thuc hién bé'mg cach tao
ra cic goi tin gia mao c6 cau trac twong ty nhu goi
tin gdc va truyén chung dén UAV. Khi UAV nhan
dugc cac goi tin nay, no co thé bi danh lLra va thuc
hién cac hanh dong khong mong mudn, nhu thay
d6i hudéng di chuyén hodc tham chi 1a bi ké tin cong
chiém toan quyén diéu khién.

Nghién ctru nay chi tip trung vao mot sd van
dé k¥ thuat ¢ 16p giao thirc diéu khién UAV, phan
tich 16 hong giao thirc, gia mao goi tin, chiém quyén
diéu khién UAV va tap trung d& xuat, xay dyng moi
truong 4o minh hoa kich ban tin cong mang chiém
quyén diéu khién UAV.

3. Phan tich kha ning tan cong phucny tién bay
khong ngudi Iai théng gua gia mao giao thic diéu
khién MAVLink

MAVLink (Micro air vehicle Link) 1a mdt giao
thirc truyén thong rat nhe, dugc st dung dé twong
tac véi cac hé théng khong nguoi 1ai hodc cac thiét
bi khac trén bo mach [6, §]. Chéng han, MAVLink
cho phép nguoi dung tai 1én cac nhiém vu bay, liy
dit liéu chuyén bay hoic thay ddi cac tham sb cua hé
thong khong ngudi 1ai. Giao thirc nay dugc thiét ké
dwa trén mo hinh két hop gitra viéc xuét ban - theo
ddi hodc giao tiép diém - diém. Cac ludng dir lidu
dugc guri hodc xuit ban dudi dang cac chu dé, trong
khi cac tiéu giao thirc ciu hinh nhu giao thtrc nhiém
vu, hodc giao thirc tham sé sir dung giao tiép diém
- diém véi viée truyén lai. Tinh nhe cua MAVLink
xuét phat tir viéc n6 sir dung it dir liéu thira trén moi
g6i tin. MAVLink v1 chi c6 tiéu dé 8 byte cho mdi
thong diép, trong khi MAVLink v2 co tiéu dé 14
byte nhung cung cdp bao mat va kha ning mo rong
t6t hon.

Vé ban chit, UAV sir dung MAVLink dé dugc
giam sat va diéu khién. MAVLink hd trg cac loai 16p
van chuyén khac nhau nhd ciu tric gon nhe. N6 ¢6
thé truyén qua wifi, Ethernet (mang TCP/IP) hodc
cac kénh bing thong thap hoat dong & tan s 433,
868 va 915 MHz [8]. Két néi MAVLink duogc thiét
lap nhu sau:

Khi UAV khéi dong, né truyén mot thong diép
c6 tén 1a HEARTBEAT theo dién tin quang ba hoac
c6 thé mang dia chi chi dinh ctia GCS. Béng thot,

GCS ling nghe ban tin HEARTBEAT trén mit dét.
Khi GCS phat hién dugc ban tin cia HEARTBEAT
tir UAV guri t6i, néu ban tin chira dia chi cia GCS ma
n6 can truyén, GCS sé& giri lai ban tin HEARTBEAT
cho UAV, sau do ca 2 gui lién tuc ban tin nay cho
nhau mdi gidy dé giit cho lién lac nay ton tai. Sau
mot khoang thoi gian két nbi duoc thiét 1ap hoan
toan, UAV lién tuc bao vé trang thai két ndi hién tai
dé GCS c6 thé theo ddi tinh trang ciia UAV. Tan sudt
béo vé thuong khac nhau, phu thudc vao loai UAV,
bang thong cho phép... GCS guri ban tin MAVLink
dén UAV dugc két ndi khi nguoi diéu khién thyc
hién gui Iénh méi, cap nhat nhiém vuy. Trinh phan
tich ban tin MAVLink dugc thyuc hién s& khong dé
cap t6i gia tri ndo trong tidu dé giao thirc, vi du nhu
dia chi IP dich nguf”)n. .. Do vay, MAVLink dé bj tan
cong bang cach tiém ban tin sai néu payload hop 1¢.
Ngoai ra, GCS trao ddi dit liéu voi UAV thong qua
mot kénh khong duoc xac thyc va khong ¢6 ma hoa.
Nhing két ndi nay co thé dé dang bi tan cong, bi
khai thac bai ddi tuong co thiét bi phat phu hop, co
thé giao tiép v6i may bay khong ngudi l4i, dua 1énh
vao phién hién c6 va dé dang khoi chay tin cong
vao UAV.

Sau khi dat duoc thong tin vé giao thirc diéu
khién cua MAVLIink, ta cé thé tao ra cac tin hiéu
gia (Spoofing Signal) dé truyén dén UAV muyc tiéu,
nham khién UAV hiéu nhim rﬁng tin hiéu nhan dugc
tir nguoi tin cong chinh 1a tir GCS gde. Thuét toan
thu thap va gidi ma géi tin MAVLink nhu sau [9]:

Thugit toan: Thu thap va gidi ma goi tin dang bén 10
Dau vao: Gdi fin thu thip diroc
Dénra: Banro
Thii tuc (Khai thc Mavlink)
1 Tao Ddi Tuegng Drone
2 Dinh Netia Trinh Xir Ly Tin Nhiin Malink
3 DO« doc (Gi Ditiéu)
4 Trong ki (KetNoi! = 0):
S Goi Tne Liv(d dai, dia chi cdng)
6 Phén Hoi (ThieVién_Mawlink) & doc (Tinth’in_Mm’lirrk)
1 Véi (i < Doc (GdiT)):
§ D0« PhanTich(GéiTin) + Gx00F (kg bt du STX ban v1.0)
9 DI« PhanTich(XyTir Hev)
I
l
L
l
L
l
L

0 DoiTrongDrone « SinSang (D0, D1)

| néu (GéiTin! = Nl

2 GidiNen (GoiTin)

3 DitLién DaNhdn (DangNhiPhan, Hex)

4 Banko — ChuyénDai(DangNhiPhdn, Hex)

5 ThengTin BdoMit — Ly (GPS, tai_trong, o cao, kinh dg, 11 b, vv)
6 Kot thiic thi tue
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Khi UAV thyc hién nhiém vu va bét dau trinh bay,
ngudi tin cong giri mot ban tin MISSION. COUNT
vira gui tor GCS t61 UAV va khoi tao goi tin nhiém
vu cho UAV. UAV s¢€ gui MISSION REQUEST téi
GCS yéu cau thong tin nhiém vu ma GCS da gui
trude d6 nén no s& khong truyén nita. Vi thé, UAV
chuyén sang trang thai cho thong tin nhiém vu tiép
theo. Khi do, ta c6 thé d& dang chiém quyén diéu
khién UAV.

4.Mo phong tan cong phuong tién bay khong ngusi
1ai théng qua gia mao giao thic diéu khién

4.1. Cai dat moi truwong thir nghiém

- Thanh phan UAV ao: s dung nén ting mo
jmavsim két hop PX4 (phan mém diéu khién bay
ngudn mo).

- Thanh phan GCS: Sir dung nén ting mo
QgroundControl, 1a mét GCS cho phép kiém soat
va cAu hinh chuyén bay ddy du cho cac phuong tién
PX4.

- K¢ tan cong (Attacker): Str dung nén tang mo
GCS dang dong 1énh Python script cua thu vién

Pymavlink, ding MAVProxy (phan mém ma ngudn
mé dong vai tro router) két hop cac cong cu tan cong
mang c6 trong by Kali Linux.

Céc thanh phan khac nhau dwoc gia lap trén cac
méy tinh, két ndi nhau théng qua Wifi va st dung
giao thie MAVLink trong diéu khién gitra GCS va
UAV.

Kich ban tan cong nhu mé ta trén hinh 3.
4.2. Kich bin thwe hanh va két qua

Sau khi cai dat xong chwong trinh, ta tién hanh
dung kich ban khai thac giao thitc MAVLink 1.0 va
tan cong chiém quyén diéu khién UAV. Kich ban s&
mé phong sau khi da hoan tat cai dit cac thanh phan
va mang nhu sau:

Budc 1: Khoi dong UAV, sau khi khoi chay, giao
dién cho thay nhu trén hinh 4.

Budc 2: Diéu khién UAV bang GCS. Thuc hién
déy mot nhiém vu 1én UAV bfing QGroundControl,

UAV s¢€ hoat dong tuan theo nhiém vu tr GCS di
chuyén theo tuyén duoc giao (cac waypoint).

UAV (PX4) A Vo
= Network < (({ ))) @)
W il A
~ uDp MAVLink protocol 1':;?0
e Wit 1
- 05: Ubuntu tAn céng ddu doc ARP a8 | ]
: e - I - App: QGround
- App: Jmavsim chuyen fiep goi GCS-UAV i g g Control. MAVProx
g (PX4 SITL env) dén ke tan cong 2. Ke tan cong sw dung ' ¥
i ! tan cong Ping flood dé tir| | =

3. Ké tan céng sy dung
tan céng tiém goi de tai
Ién cac nhigm vu mai,
chiém doat va thue thi

LAV hodn todn

choi céc goi dwore truyen
trong GCS-UAV

1
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- 05: Kali Linux

- App: Ettercap,
Wireshark, Hping,
MAVProxy

Hinh 3. M6 hinh kich ban thwc hanh tan cong chiém quyén diéu khién phwong tién bay khéng ngwoi lai.
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Hinh 4. Hinh anh gia lap.

Budc 3: Trinh sat, thu thap va phan tich thong
tin. Ké tan cong thyc sir dung Ettercap, thu thap,
trinh sat cac théng tin vé UAV va GCS (port,
protocol...), théng qua Wireshark dé phan tich goi
tin thu thap dugc. Ké tan cong thu thap, phan tich
dira trén cac thong tin nhu: cdng giao tiép (thuong 1a
cac cong MAVLink pho bién nhu 14550 trong phién
UDP); giao thtrc dugc stt dung (MAVLink); cAu trac
cua cac payload (ché’ing han nhu cac 1énh nhiém vu,
heartbeat, dit liéu vién thong). Mot s6 két qua thuc
hanh nhu trén cac hinh 5 va 6.

Hinh 5. Trinh sat cac thanh phan tham gia mang két
néi phu’ang tién bay khong ngwoi lai - diéu khién qua
tram mat dat.

] jMAVSim
--- SENSORS - > P i o
Accel Noise StdDev [ 0.05[5]
Gyro Noise StdDev [L0.o1F

InitMAVLINK
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Destination Port: 14358
Length: 48
Checisum: @x3388 [ummrified]
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[Gtream indew: 8]
v [Timestamps]
UDP payload (48 bytes)
= MAVLink Prococel (#0)
+ Header
= Payload: ATTITUDE (%0}
une bont_ms {uint3z
I (float) |rm|] i
p::cr (float) [rad]:
yi (T1oAL) [rad]:"2,5564 [148
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Meseage CRO: GudBbd
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088 t
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Hinh 6. Minh hoa phan tich giao thirc MAVLink.

Budc 4: Khoi tao tan cong tu chdi dich vu dén
UAV. Trén co so thong tin da trinh sat, thu thap tai
budce 3, thue hién tin cong tur chdi dich vu 1am UAV
dimg lai giita khong trung, khong thé tiép tuc thuc
hién nhiém vu da dinh hodc phan hdi cac 1énh méi
tir GCS, trang thai bay chuyén sang chd va treo, tiép
tuc doi nhiém vy bay dé thyc thi.

Budc 5: Ké tan cong thuc hién chiém quyén
didu khién UAV. Sau khi lam gian doan giao tiép
gitta GCS gdc va UAV, ké tan cong ngimg can thiép

Tap 2025 * S62 * Thang 12 | T1
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nhung loi dung viéc giao thire MAVLink thiéu xac
thuc nguoi ding, khong xéac thuc 1énh dén, didu nay
cho phép ké tén cong tiém cac 1énh méi. Ké tin cong
st dung MAVProxy dé: Xéa nhiém vu hién tai d tai
lén bdi phi cong hop phap trude do; déy lén nhiém
vu moi 1a tap hop waypoint mai theo quy dao cua ké
tan cong. Do vay, UAV gio day tudn theo cac 1énh
ctia ké tin cong va khong con phan hdi véi su didu
khién cua phi cong ban dau. Nhiém vu di bi chiém
quyén hoan toan. Két qua thé hién trén giao dién
dong 1énh cho thay nhu hinh 7.

Tali@leli -/Desktopldo_an_mavink

tions Edit View Help
i~ % kali@kali: ~/Desktop/do_an_mavlink X root@kal: [homefkali X

Py

Hinh 7. Giao dién dong Iénh thé hién két qua chiém
quyén, chuyén lénh diéu khién dén phwong tién bay
khéng ngwei lai thanh cong.

5. Két luan

Noi dung bai béo da trinh bay mét s két qua
nghién ctru vé phong chdng UAV st dung phuong
an chiém quyén diéu khién giao thtrc 16p mang, da
thyc hanh mo phong phuong an chiém quyén diéu
khién UAV.

Phuong phap tin cong dua trén phan tich giao
thire diéu khién dbi voi UAV dang ngay cang dugc
quan tam nghién ctu. Tuy vay, phuong phap nay
gip nhiéu thach thirc 16n nhu: khé khan trong viée
phan tich d6i véi dir liéu hay tin hiéu diéu khién da
dugc ma hoa; thoi gian phan tich thuong lon, do vay,
khong phi hop déi véi cac bai toan yéu ciu thoi gian
thuc, can tan cong tire thi. Khi cac UAV hoat dong
bay dan, viéc phén tich giao thirc dé ché ap cho timg

18 | Tap 2025 * 562 * Thang 12

thiét bi mot 1a khong hiéu qua. Ngoai ra, ddi voi cac
UAV thé hé¢ méi c6 kha nang tu hanh, phuong phap
nay cling kho kha thi.

Hudng nghién ciru nay c6 thé phi hop véi muc
tiéu nghién ciru, phén tich cac giao thirc diéu khién
UAV, tir d6 leo thang cac chién lugc bét giit UAV
trinh sat dé thuc hién cac nghién ciru sau hon. Ngoai
ra, thue hién chiém quyén ddi véi cac UAV dan dung
vi pham cac ving cdm bay, viéc st dung phuong
phap tan cong thong qua chiém giao thirc didu khién
cho thiy tiém ning, tinh hiéu qua cao.
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Phat hién 16 hong phan mém nho hoc siu
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Tom tit:

Viéc phat trién cac dw 4n phan mém thanh cong ludn 13 mdi quan tim hang diu cha céc to chirc,
doanh nghi¢p. Trong dé, viéc dam bao chit lwrgng ciia phan mém la wu tién cao nhit trong toan b
qua trinh phit trién ciing nhu van hanh cia phin mém. Bai bao dé cip viéc phat hién cac 16 hong
ciia mi ngudn va tip trung vao phén tich ct phap va ngir nghia ciia cac ciu Iénh trong mi ngudn.
M&b hinh phat hién 156 héng mi ngudn dwge thue hién theo quy trinh: (i) biéu dién ci phap va ngir
nghia; (ii) trich xuit dic trung ciia ma nguon; (iii) cAn biang dir liéu; (iv) phan loai md ngudn. Piu
ra ciia méd hinh cho biét ma ngudn dé hoic binh thwong, hoic c6 16 hong. Mo hinh sir dung bd dir
liéu SARD dé huén luyén mé hinh hoc sdu. Mang hoc siu sir dung mé hinh BERT (Bidirectional
Encoder Representations from Transformers), md hinh Word2Vec két hgp LSTM (Long Short-Term
Memory) va mé hinh Word2Vec v6i BiLSTM (Bidirectional Long Short-Term Memory) theo ba kich
ban. Két qua phin loai dwge dwa qua mdt ham softmax dé tra vé mot vector chira du dodn xac suit
xdy ra ciia tirng loai 16 héng. Véi ty 1¢ phat hién 16 héng ma nguén cho két qué chinh xac lén dén
82,63%, twong ng véi ty 18 bé sét chi con 17,37%. Pay 1a mt két qua c6 thé chip nhan dwgce, chirng
minh hiéu qua vwot trdi ddi véi bai toan phat hién 16 hong ma ngudn.

Tir khéa: hoc siu, hoc twong phan, 16 hong, phan mém.

Detecting software vulnerabilities using deep learning
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Abstract:

Developing software projects successful is always a top concern for organizations and enterprises.
Among these concerns, ensuring software quality is the highest priority throughout the entire
development and operation process. This paper addresses the detection of source code vulnerabilities
and focuses on analyzing the syntax and semantics of statements within the source code. The source code
vulnerability detection model follows a structured process: (i) syntactic and semantic representation;
(ii) feature extraction from source code; (iii) data balancing; and (iv) source code classification. The
model’s output indicates whether the source code is normal or contains vulnerabilities. The model is
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trained using the SARD dataset and incorporates deep learning approaches. Specifically, it employs
the BERT (Bidirectional Encoder Representations from Transformers) model, the Word2Vec
model combined with LSTM (Long Short-Term Memory), and the Word2Vec model with BILSTM
(Bidirectional Long Short-Term Memory) across three scenarios. Classification results are passed
through a softmax function to generate a vector containing the probability predictions for each type
of vulnerability. The detection model achieves an accuracy rate of up to 82.63% for identifying source
code vulnerabilities, with a corresponding omission rate of only 17.37%. This result is considered
acceptable and demonstrates the superior effectiveness of the approach in the task of source code

vulnerability detection.

Keywords: contrastive learning, deep learning, software, vulnerabilities.

1. Dat van de

S6 lwong 16 hong trén phin mém maéy tinh ngay
cang gia tang, dé dang trd thanh muc tiéu cho cac
cudc thn cong ) y, trong khi céc tin tac lai c6 vo sb
phuong phap khai thac cac 16 hong nay. Bio cdo cho
thiy muc do thiét hai va sy gia ting dot bién vé s6
luong 16 hong phan mém ngay cang nghiém trong.
Khi hé thong dang ton tai 16 hong, néu nguoi quan
1y khong phat hién ra va cai dat ban va trudce khi tin
tic biét cach khai thac, chung co thé bi sir dung dé
thyc hién cac hanh vi nguy hiém nhu danh cip cac
dir lidu quan trong, gdy tir chéi dich vu... va nguy
hiém nhét 1a ndm quyén kiém soat hé thong va phat
tan virus. Dé phat hién 15 hong ma ngudn, nghién
ctru chi ra ¢6 nhidu CVE (Common Vulnerabilities
and Exposures) dugc phat hién va cong bd. Dic biét
mirc 46 nghiém trong ciia cac CVE 1a rat 16n. Ddng
nghia v6i viéc khi cac CVE nay bi tan cong va khai
thac s& dan dén hau qua rat nguy hiém cho cac hé
thdng cua t6 chirc.

Vay nén bai bao dé cap viéc phat hién 16 hong
trong mi ngudn cta phan mém; goi 1a 16 hong
phan mém. C6 hai phuong phép chinh dé phét hi¢n
16 héng ma ngudn do6 1a phuong phap thu cong va
phuong phép tu dong hoa [1-4]. Pbi voi hudng tiép
can thi cong c6 wu diém 13 hidu qua cao nhung
nhugc diém 13 yéu cau ngudi phan tich phai ¢6 trinh
d6 cao dong thoi tén rat nhiéu thoi gian. D6i véi
van dé tu dong hoa phat hién 15 hong ma ngudn thi
dang dugc nghién ctru va ap dung nhiéu hién nay
do ¢6 nhiéu cong nghé tinh toan ciing nhu phuong
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phap hd tro manh mé&. C6 thé nhén thay cac hudng
tiép can gan day thudng tip trung vao phan tich ma
ngudn theo dang ngit nghia va cu phap roi sir dung
cac thuat toan hoc may hodc hoc sau dé tiép tuc phan
tich va dy doan 15 héng. Tuy nhién, ching t6i cho
rang cac hudng tiép can hién nay dang gip phai mot
s6 van dé sau [5-11].

- Thiéu dic trung va thudc tinh vé 15 hong bao
mat: Thuc té cho thdy, mot sb nghién ctru da d& xuat
dugce mot s6 phuong phap mang lai hiéu qua twong
d6i tot. Tuy nhién, khi ap dung cac phuong phap nay
vao cac bo dir liéu khac thi ty 1¢ phat hién nham rat
cao. Diéu nay thé hién, phuong phap dé xuit do chi
pht hop voi mot sb bo dit lidu cu thé nén rat kho ap
dung trong cac b dir liéu khac. Hay noi cach khac,
cac thudc tinh va dac trung duoc cac nghién ciu dé
xudt chua thé hién dugc day du va khac biét vé cac
16 hong phan mém

- Bo dir liéu thuc nghiém thiéu thuc té: Cac
nghién curu trude day thuong lya chon cac bo dir
lidu co sdn dé danh gia hiéu qua cia mo hinh dé
xuét. Bén canh do, cac bo dir lidu nay thuong co6 dac
diém 1a c6 su can bang giita cic nhan 16 hong va
nhin binh thuong. Piéu nay dan dén cic nha nghién
ctru da khong tinh toan dén truong hop lam sao dé
phat hién dugc 16 héng cia ma ngudn trén cac bo dir
lidu mat can bang. Pay 1a van d& rit quan trong vi
trong thuc té, khi kiém tra va dénh gia 15 hong phan
mém thi ¢ sy chénh léch rat 16n giita vé sd lwong
ban ghi cia cac ma ngudn chira 16 hong bao mat va

mi ngudn khong chira 16 hong bao mat. Chinh vi
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vay, khi ap dung cac phuong phap nay vao thuc té
thi ty 1¢ phat hién sai rt cao vé ca kha nang du doan
chinh x4c 16 hong mi ngudn ciing nhu ma ngudn
binh thudng. Ca biét co trudng hop khong thé phat
hién dugc 16 héng phén mém nao do mé hinh bi
overfitting.

Dé giai quyét cac van dé trén, cac nghién ciu
gan day thuong tap trung ap dung cac ki thuat phan
tich d6 thi két hop véi cac thuat toan hoc may hoic
hoc sau [7, 8, 12-15]. Theo do, cac huong tiép can
thuong phén tich ma ngudn thanh cac dang dd thi
nhu AST (Abstract syntax tree) [16], CFG (Control
Flow Graph) [17], PDG (Program Dependence
Graph) [18] sau d6 dung céac k¥ thuat hoc may hoéc
hoc sau dé phan loai ma ngudn binh thudng va ma
ngudn chira 16 hong bao mat. Khi quan sat va phan
tich vé cac hudng tiép can nay, chung t6i nhan thay

mot sO van dé can cai thién nhu sau:

- Vin dé biéu dién ma nguon: Chung toi cho ring
viéc phan tich va biéu dién ma ngudn thanh mot
trong cac kiéu nhu AST, CFG, PDG sé& khong thé
hién duoc ddy di mbi quan hé gitra cac thanh phan
trong ham va cac bién ctia ma ngudn. Nguyén nhan
ctia van d& nay 1a do cac cach biéu dién AST, CFG,
PDG s& chi c¢6 kha ning biéu dién dugc mot vai moi
quan hé giita thanh phan cia ma ngudn. Do do, viéc
chi ap dung mét trong cac cach biéu dién nay s& dan
dén tinh trang ma ngudn khong dugc biéu dién mot
cach day du va rd rang. Tir d6 dan dén thong tin
duoc trich xuat kém hiéu qua.

- Van dé phan loai 16 hong mi ngudn trong cac
b6 dir liéu mat can bang: dé giai quyét cac van dé
lién quan dén mét can bang dir liéu, cac hudng tiép
can thuong dé xut 2 giai phap: 1) lya chon cac bo dir

liéu c6 sy can bang vé mat dinh lugng gitta cac nhan;

ii) tién hanh phan loai ma khong ap dung k¥ thuat
hodc phuong phép can bang dit liéu. Ca 2 giai phap
nay s€ lam cho hiéu qua cia mo6 hinh phan loai
khong dat két qua tot.

- Phuong phap phat hién 16 hong mi ngudn:
Theo d6, ngay sau khi két thiic qua trinh phan tich
va trich xuat ddc trung cia ma ngudn thi cac dic
trung nay thuong dugc dua vao moé hinh phan loai
nham phat hién ra cac ma ngudn binh thuong va
bét thuong. Ching t6i nhan thiy vai cach tiép can
truyén thong nhu vay mic di s& mang lai hi¢u qua
t6t, nhung ciing can khic phuc vi cac bo dit liéu mat
can bang s& dan dén tinh trang m6 hinh phat hién d&
bi phat hién nhim. Tir d6 dan dén hidu qua cta cac
mo hinh phat hién s€ khong dugc cao.

Dé phat hién 16 hong, bai bao dé xudt mo hinh st
dung phan tich hoc sau dua trén luéng xu ly nhim
bd sung thém cho phan tich theo ¢t phap con dugc
trich xudt qua biéu d6 ludng diéu khién CFG, biéu
dién dugc logic ciing nhu ca méi quan hé gitta cac
dinh voi nhau thong qua su két hop cua 3 ki thuat
xtr 1y chinh: Word2Vec két hop LSTM, Word2Vec
két hop BiLSTM, phat hién 15 hong phan mém sir
dung BERT.

Tiép theo, mdé hinh Word2Vec + LSTM va
Word2Vec + BiLSTM dugc dé xuit nham tinh toan
va trich xuét cac dic trung ciia ma ngudn. Trong md
hinh nay, céc thanh phan xir 1y chinh bao gém tién xir
ly, sir dung Word2Vec dé chuyén chudi ma da duoc
xtr 1y thanh cic vector nhung. Sau do, cic vector
nhing dugc dua vao mang LSTM va BiLSTM dé
tién hanh hoc va phan loai 16 héng. Két qua phan
loai s€ dugc di qua mot ham softmax dé tra vé mot
vector chira dy doan xéc suit xay ra cia timg loai 156
héng di cho (hinh 1).

\ 4

M5 . Trvl’ch xuat
i B|~eu dnin dag: tru‘rJg
(C, C++) »| ma nguobn | cla ma
1) (2) ngudn
(3)

Két qua binh
Céan bang Phan loai thudng
dir lieu —»{ ma ngudn (6)
4 (5)
Két qua bt
thudng
(6)

Hinh 1. M6 hinh tédng quan vé phat hién 16 héng ma nguén.
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2. Phan mém va 16 hong phan mém
2.1. Phan mém

Phan mém may tinh 14 tap hop cac chwong trinh,
dit liéu va chi dan ma may tinh st dung dé thyc hién

cac nhiém vu [19].

Phan mém c6 thé chia thanh nhiéu loai khac
nhau, dya trén chirc nang va muc dich sir dung: Phan
mém hé théng; Phan mém tng dung; Phan mém tién
ich; Phan mém lap trinh; Phan mém nhung; Phan

mém ma nguon mé va thuong mai.
2.2. Lo hong phan mém

C6 cac loai 15 hong nhu: 13i tran bo dém 13 khi bo
nh¢ bi ghi dé nhiéu 1an trén ngan xép; Luu trit dix liéu
khong an toan; thiéu ché d6 bao vé tf?mg giao van; 1o
ri dit li¢u; phan quyén va xac thuc yéu; ma hda bi bé
khoa, khong ma hoa; dau vao khong tin cay; xu ly
phién khong dung, quan 1y phién yéu; thiéu bao mat
nhi phan; thiéu ma hoa dir liéu; Khong xac thyc di
liéu dau vao; 16i trong ph?m mém; su dung mat khéu
yéu; 15 hong trong dinh dang chuin dau ra cho dix
lidu; 13i thiét ké khong bao mat, st dung thuét toan
mat mi yéu; 16 hong khong dong bo trong da ludng;
str dung dir liéu hodc tai nguyén sai cach [19]. Két
qua dang trén mot dir liéu cu thé, nhung khi c6 dir
liéu khac, bi xung dot; truy cap vao cac tai nguyén

hodc chirc nang khong cho phép.
3. Mo hinh phat hién 16 hong phan mém
3.1. Kién triic mé hinh dé xudt

Trong hinh 2 va 3 1a mé hinh Word2Vec két hop
voi LSTM:

Word2Vec Vector
SOft Chl:l'a
. t Y max | xac sua}t
Chuoi |} Tien 11 1 stm > timg 16
ma xu Iy héng

Hinh 2. M6 hinh Word2Vec két hop LSTM tiép theo la
mo6 hinh Word2Vec két hop véi BiLSTM.
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Word2Vec Vector
soft i
f chira
v max , J4
- ; xac suat
Chuoi | Tien || iy gy timg 15
ma xu Iy héng

Hinh 3. M6 hinh Word2Vec két hgp BiLSTM.

Sau ciing 12 m6 hinh phat hién 16 héng phin mém
st dung BERT (hinh 4).

soft
may.

L

Vector chira xac
sudt timg 16 hong

Chudi

ma

BERT

v

Hinh 4. Cac thanh phan chinh mé hinh BERT.

Chtric nang va nhiém vu céac khoi con trong mo

hinh dé xuat thé hién qua cac hinh nhu sau:

- Chudi ma: 1a dir lidu phuc vu qué trinh hudn
luyén va phat hién 15 hong. Ma ngudn s& bao gom
nhiéu dang ngdn ngir va 16 hong khac nhau. Ching
toi st dung bd dir liéu tham chiéu vé bao hiém ph?m
mém (SARD) do Vién Tiéu chuin va Cong nghé
Qudc gia (NIST) [20] tao ra dé thir nghiém cac mo
hinh dé xuét.

- Khdi tién xir Iy: Vi bo dir liéu tao thanh tir cac
tép van ban chira ma tho gdm céc tép chira 15 hong
va cac tép khong chira 16 hong, tién hanh gin nhan
dé phan loai. Sau do tién hanh loai bo cac thanh
phan nhiéu khoi dit liéu bang cach xo6a nhitng chii
thich, dat lai tén bién, tén ham dé tao nén mot ciu
trac mé nhat quan, khong chira nhiing thong tin anh

huong to1 qua trinh dao tao mo hinh.

- Khéi Word2Vec: 1a mé hinh gitip tao ra cac
biéu dién embedding cia tir trong mot khong gian
¢6 sb chiéu thip hon nhiéu 1an so v&i sd tir trong tir
dién. Y tuong d6 1a hai tir (tir con) xudt hién trong
nhing van canh giéng nhau thuong co ¥ nghia gan
v6i nhau. Hay c6 thé doan duge mot tir (tir con) néu
biét cac tir xung quanh n6 trong cau. Nhu vdy, c6
hai cach khac nhau dé xay dung mé hinh Word2Vec

d6 1a dy doan nhitng tir ngit canh néu biét trude tir
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dich (Skip-gram) hoac CBOW (Continuous Bag of
Words) dya vao nhing tir ngir canh dé du doan tir
dich.

- Khéi BERT: Khéi BERT sir dung Transformer
12 mot mo hinh attention hoc mbi tuong quan gitra

cac tir (hodc mot phan cia tir) trong mot vin ban [3].

- Khéi LSTM: Khéi nay dugc d& xuit 1a mot
trong nhitng giai phap cho van d¢ phat hién 15 hong
phan mém tir ma ngudn. Piém chinh trong kién trac
LSTM chinh 13 cac 6 nhé véi cac cong cho phép luu
trit hodc truy xuit thong tin. LSTM chi ¢6 thé du
doan nhan cua tu hién tai dya trén thong tin c6 dugc
tlr cac tir nam trude do.

- Khéi BiLSTM: Nhu da néu, diém han ché cua
LSTM chinh la chi du doan nhan cua tir hién tai dua
trén thong tin c6 dugc tir cac tir ndm trude dé. Trong
khi, viéc nhén dang chinh xac ciu tric va ngtr canh

cua mot doan ma nguon khong chi can thong tin &

(A)

DECL
=] [
R - - ‘-
B []
\ P N

i "y
-
4 ¥

nfia

(a) Abstract syntax tree (AST)

(€

phia trudc cua tir dang xét ma con ca cac thong tin
phia sau. Diéu nay LSTM lai khong thé nhan dang
dugc. Chinh vi thé, BILSTM da duoc tao ra dé khic
phuc diém yéu trén. Mot kién trac BILSTM thuong
chira 2 mang LSTM don duoc str dung dong thoi va
ddc 1ap dé mo hinh hoa chudi dau vao theo 2 hudng:
tur trai sang phai va tor phai sang trai.
3.2. Biéu dién mi nguén phin mém

Mo hinh trong bai béo st dung biéu dd ludng
diéu khién CFG [17] la dang biéu dd, trong d6, mdi
nut dai dién cho mdt Iénh hay néi cach khac CFG
1a mot dd thi biéu dién d6 hoa cua ludng diéu khién
hodc tinh toan trong qua trinh thyc thi cac chuong
trinh hoac Gng dung cua mot chuong trinh. Cac nut
trong CFG 1a cac khdi co ban, nhém céc 1énh c6 thé
thyc thi tuan ty ma khong c6 bat ky chuyén hudng
diéu khién nao va cac canh dai dién cho cac ludng
diéu khién giita cac khdi (hinh 5).

(8)

‘"
source[]l

[ios = =

EXTT

(b) Control flow graph (CFG)

int x = source()

D_
Y

Co .
Irue ¥
sink(y)

D

D,

Hinh 5. Biéu dién ma ngudn dwéi mét s6 dang: AST (A), CFG (B) va PDG (C).
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ht

ENCODER

i 9

[

“main™

Hinh 6. M6 hinh phat hién 16 héng str dung LSTM.

“in

3.3. Trich xudt ddc trung cia ma nguén phén

mem

Céc nghién ctru cho thay dic trung cia dinh va
canh trong CPG (Code Property Graph) [4, 21] 1a
mot biéu dién quan trong cia ma ngudn. CPG két
hop céac phan tir tir ludng diéu khién, biéu do ludng
dir lidu, cung v6i AST va PDG cho phép biéu dién
tong hop ngir nghia ctia mi ngudn. V& mat hinh
thtrc, CPG dugc ky hiéu la G =(V, E), trong d6 V 1a
tap hop cac dinh (ntit) va E 1a tdp hop cac canh trong
d6 thi. M&i dinh chira thong tin vé loai dinh.

3.4. Cin bang di li¢u

Sau khi thu duge hd so dic trung ciia ma nguén,
chung t6i dung né dé phan loai nham phat hién cac
mi nguodn binh thudng va ma ngudn chira 15 hong.
Tir ho so thu duoc, chung t6i nhan théy ¢o su chénh
léch rat 16n giita md ngudn chira 16 hong va ma
ngudn binh thudong. Néu van dé nay khong duogc giai
quyét, s& din dén mot sai 1éch khong mong mudn
trong mo hinh lam han ché hiéu sut du doan cua né.
Hon nita, cac vector dédc trung dugc trich Xuét cua
cac mau c6 16 hong va cac mau khong c6 16 hong thé
hién sy chong chéo dang ké trong khong gian tinh
nang. Didu nay gay kho khan cho viéc phan dinh cac
mau c6 15 hong va cac mau khong co 16 hong. Dé
giai quyét tinh trang mat can bang di liéu trong qua
trinh hudn luyén va giup tang tinh da dang cua dix
liéu chung t6i st dung thuat toan SMOTE (Synthetic
Minority Oversampling Technique) [22].
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Rtz

LSTM

3.5. Phén loai 16 hong phan mém

Dua trén cac ddc trung cua ma nguén duoc trich
xuét, két hop véi cac vector dac trung dugce sinh ra
tir thuat toan SMOTE bai b4o sé tién hanh phan loai
cac vector dic trung nay dé két luan vé 16 hong cia
ma nguén. Pé thuc hién muc tiéu nay, bai bao st
dung 2 16p don gian la Fully Connected va Softmax
[23]. Trong d6 Fully Connected 1a mét cach don
gian hoa dé hoc cac t6 hop phi tuyén tinh cia cac
db6i twgng. Lop Fully Connected dang hoc mot ham
¢6 thé phi tuyén tinh trong khong gian. Pau ra duoc
lam phéng nay duoc cung cip cho mot mang no-ron
truyén thfmg va mang no ron truyén nguoc. Qua mot
loat cac epoch, mo6 hinh co thé phan biét cac dac
diém ndi bat trong dit liéu va phan loai chung bang

cach su dung ky thuat ham Softmax [24].

4. Thif nghiém
4.1. Dit liu thir nghié¢m

Bai bao nay su dung SARD [20] do Vién Tiéu
chuén va Cong nghé Quéc gia (NIST) (Hoa Ky) tao
ra. SARD dac biét hép dan vi n6 khong chi chua cac
16 hong bao mat ma con chira cac ban sao da khong
ton tai 16 hong cua chung, cho phép tim hiéu chinh
xac su khac biét giira 16 héng bao mat va cac giai
phap thay thé an toan cua né. Bo dit liéu duoc xir Iy
trude khi dio tao bang cach loai bo tit ca cic phan
khong mong mudn c6 thé khién cac mé hinh bi qua
tai va mat can bang. Va cudi cung, bo dir liéu con

lai hon 100.000 t€p, v6i mot nua chra mot trong
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118 16 héng bao mat va ntra con lai chira cac lya
chon thay thé khong dé bi tdn cong. Tién hanh chia
bo dir liéu thanh cac thanh phﬁn khac nhau, sau do
tién hanh thyc nghiém va danh gia o chinh xéac cuia
cac mo hinh dé xuit. Toan bd qua trinh chia tap dir
liéu thye nghiém cho cac kich ban s€ dugc chon mét
cach ngiu nhién, trong d6 75% cua tap dir liéu s&
dugc dung trong qua trinh huan luyén, 25% con lai
s& duoc ding trong qua trinh kiém tra.

4.2. Kich bin dinh gid

Pé danh gia dugc két qua thir nghiém téc gia tién
hanh ba kich ban thuc nghi€ém nhu sau:

Kich ban 1: Phét hién 15 hong phan mém sir dung
Word2Vec két hop véi LSTM: Thir nghiém trén mo
hinh LSTM véi s6 luong cac niit an khac nhau (hinh
6).

Kich ban 2: Phat hién 16 hong phan mém st dung
Word2Vec két hop v6i BILSTM: s6 lwong cac nut 4n
khac nhau.

Kich ban 3: Phat hién 16 héng phan mém sir dung
BERT: sb luong tﬁng khac nhau (hinh 7).

[e.e8, @.19, 0.20, ..,
[none, CWE-121, CWE-119, ..,

0.1]
CWE-476]

TRANSFORMER BLOCK

ENCODER

ENCODER ENCODER

“int” “main” an
Hinh 7. M6 hinh phat hién 16 hdng str dung BERT.
4.3. Tiéu chi danh gia mé hinh
Accuracy: Ty 18 giita s6 lugng miu dugc phan

loai dung va téng s6 mau. Po chinh xac duge tinh
theo cong thuc sau:

TP+TN

accuracy = ————————————
y TP+TN+FP+FN

X 100% (1)

trong do: TP - True positive: s6 luong mau c6 15
héng dugc phan loai chinh xac; FN - False negative:
s6 lugng mau c6 16 héng dugc phan loai 1a khong c6
16 hong; TN - True negative: s6 lwong miu khong
c¢6 15 hong dwoc phan loai chinh xac; FP - False
positive: sb lwong mau khong c6 16 hong dugc phan
loai thanh ¢6 16 hong.

Precision: 1a ty 1€ cua true positive points trén
tong s diém dugc phén loai 1a positive (TP + FP).
Do chinh xac cao co nghia la d§ chinh xac cao cua
viéc xac dinh points.

TP
P+FP

precision = 7 X 100% 2)

Recall: 1a ty I¢ cla céc true positive points trén
téng sO cac real positive points (TP + FN). Recall
cao c6 nghia la TP cao va ty 1€ bo sot positive points
1 thép.

TP:PFN X 100% (3)
F1-score: 1a trung binh hai hoa cua d¢ chinh xéac

recall =

va thu hdi. F1 cang cao, bd phan loai cang tot.
TP
TP+FN

recall = x 100% 4)

4.4. Két qud thwe nghiém

Két qua thue nghiém theo kich ban I: trong kich
ban thyc nghiém 1, phat hién 15 hong phan mém
st dung kién trac mé hinh Word2Vec két hop véi
LSTM trén bg dit liéu SARD cho két qua theo bang
1, tac gia thay dugc do chinh xéac clia qua trinh phan
loai tién trinh cho két qua khac nhau khi thay doi s6
luong cac nut an. Vi sd lugng cac nit an 1a 400 thi
thuét toan LSTM mang lai hiéu qua cao nhét trén tat
ca cac do do. Mic du sb luong cac nat an thay ddi
tir 200 dén 1000 nhung d6 chinh xac ciia thuat toan
lai khong ¢ nhiéu thay d6i. Két qua cao nhit va
thap nhat chi chénh léch nhau: accuracy ting 1,64%,
precision tang 1,82%, recall tdng 1,94% va F1 tang
1,89%. Nhu vay, mac du sb lugong céc nit an tang
hay giam ciling khong lam cho d6 chinh xac trong
qua trinh phén loai lai thay d6i mot cach dang ké.
Diéu nay cho thiy thuat toan LSTM cung cip kha
nang phan loai tot va 6n dinh khi thay doi s6 luong
cac nit an.
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Bang 1. Két qua thwc nghiém phat hién 16 héng phan
mém st dung kién triac mé hinh Word2Vec két hop
véi LSTM.

1000 71,15 6789 6948 71,53
400 7297 69,83 7137 73,17
200 71,70 6847  70,05% 72,02

Két qua thuc nghiém kich ban 2: Kich ban 2
st dung kién trac mé hinh Word2Vec két hop véi
BiLSTM trén b dit liéu SARD cho két qua tir bang
1 va 2 thiy duoc khi thay doi s6 luong cac cac nit
an thi LSTM va BiLSTM cho ra céac két qua twong
tu nhau. Dua trén két qua kich ban 1 va 2 da ching
minh dugc mé hinh NLP ¢6 y nghia d6i vi bai toan
phan loai 16 hong. Didu nay duoc thé hién trén do
chinh xéc tong quat toi thiéu déu khoang trén 71%
va ddi voi gia tri recall tdi thiéu 13 67%. No6i chung,
két qua phan loai dbi véi kich ban chi dimg ¢ mtc
dat mirc chdp nhan dugc va cho két qua & mirc trung
binh con kich ban 2 thi twong ddi 6n. Kich ban 2 sir
dung BiLSTM di mang lai két qua t6t hon LSTM
t6i 6% cho thiy tdm quan trong cua viéc luu giit
thong tin theo ngit canh trén tirng phan doan. Bo nhé
hai chiéu trong BILSTM c6 thé cai thién dang ké
hiéu suit chinh x4c cua viéc phat hién 16 hong phan
mém theo cach NLP vi thong tin theo ngit canh duoc
xem xét mot cach toan dién.

Bang 2. Két qua thwc nghiém phat hién 16 héng phan
mém st dung kién tric mé hinh Word2Vec két hop
v&i BiLSTM.

S cac by
L,z Chinh xac DPophi F1 chinh
nut an ) .
xac
1000 78,57 75,86 77,19 78,67
400 80,13 77,56 78,83 79,83
200 79,62 77,43 78,51 79,17

Két qua thuc nghiém kich ban 3: Bang 3 cho
thdy sb luong ting tang thi do chinh xac cia mo

hinh ciing ting theo. Tuy nhién, viéc ting sd ting
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lam ting hiéu sudt mo hinh 1én khoang 2% nhung
ddng thoi ciing tang thoi gian xir Iy cia mo hinh 1én.
Trong thuc té, dé can bing giita hiéu sudt va thoi
gian thi can phai can nhic lua chon dugc cac tham
s6 phu hop dé cho ra dugc két qua nhu mong doi.
Déi véi kich ban 3 st dung mo hinh BERT véi co
ché hai chiéu va co ché chii ¥ (attention) cho két qua
phat hién 16 hong tot hon han. Piéu nay dugc thé
hién trén két qua recall cao nhit trong 3 kich ban 1a
82% tuong tng vai ty 1& bo sot 1a 18%. V& do chinh
x4c, md hinh BERT va cac bién thé clia no déu hoat
ddng t6t hon cac mo hinh hoc sau NLP truyén théng
da duoc thir nghiém. Diéu nay 1a do co ché chu y
trong cac md hinh BERT c¢6 thé trich xuat thong tin
nhan biét ngit canh theo cach tot hon nhiéu so véi
LSTM hodc RNN. Két qua nay chimg minh dugc
md hinh d& xuit co gia tri thuc tién ddi voi bai toan
phat hién 15 héng ma ngudn.

Bang 3. Két qua thwc nghiém phat hién 16 héng phan
mém st dung mé hinh BERT.

S0 cic ting Chinh xic P9 phu  F1 Do chinh xdc
4 82,89 8097 81,92 84,08
8 83,58 81,72 82,64 8464
12 84,41 82,63 83,51 8533

Chung t61 da su dung bd dir liéu FFmpeg+Qume
dé so sanh viéc phat hién 16 hong ma ngudn theo mo
hinh BERT, nhu kich ban 3 néu trén véi cac md hinh
Russell [13], VulDeePecker [24], SySeVR [25]. Két
qua thé hién trong bang 4.

Céc két qua thuc nghiém trén bang 4 cho thiy
tiép can ciia chung t6i duoc dé& xuét trong bai bao
khong chi mang lai hiéu qua tot trong nhiém vy phan
loai 16 hdng ma ngudn ma con tdi wu hon so voi cac
md hinh, hudng tiép can khac. Cu thé ddi voi bo dir
liéu FFmpeg+Qume, dua trén két qua thyc nghiém
thi thdy duoc rfing v6i do do accuracy thi tiép can
ctia chiing t6i hiéu qua hon tit ca cac nghién ctru
khéc tir 0,2 dén 10%. Tuong ty nhu vay ddi véi do

do precision, tiép can nay ciing tot hon tir 0,3 dén 9%
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Bang 4. So sanh mé hinh dé xuét véi mét sé mé hinh cua cac tac gia khac.

B0 dir liéu Tiép cén Acc (d chinh xac)  Pre (chinh xdc) Rec (d§ phu) F1 (chi s6 F1)
Kich ban 3 theo m6 hinh BERT 62,78 57,15 72,98 64,1
Russell [13] 58,13 54,04 39,50 45,62
FFmpeg+Qume
VulDeePecker [25] 53,58 47,36 28,70 35,20
SySeVR [25] 52,52 48,34 65,96 56,03

s0 voi cac hudng tiép can khac. Con ddi véi do do
recall thi tiép can clia chung t6i dé xut cao hon tat
ca cac tiép can con lai tir 10 dén hon 31%. Tuong tur
nhu d6 do recall, d6 do F1_score theo tiép can cua
chuiing t6i cling cao hon cac nghién ctru khac tur 7
dén 30%.

5. Két luan

Nghién ctru da d& xuét sir dung mo hinh BERT
v6i co ché hai chidu va cha y cho két qua phat hién
16 hdng vai d¢ chinh xac theo ty 1¢ phat hién 16 hong
mé nguon cho két qua chinh xac 1én dén 82,63%
tuong tmg véi ty 18 bo sot chi con 17,37%. Cac két
qua thyc nghiém trong muc 4 cua bai bao da chung
minh dugc hiéu qua vuot troi ddi voi bai toan phat

hién 16 hong ma nguon.

Thuc nghiém so sanh va danh gia hiéu qua trong
viéc phat hién 16 hong ctia mi ngudn trong bang 3
cho thay, sb lwong tang ting tir 4 dén 8 thi F1-score
tang tir 81,92% dén 82,64%, tic 1a do chinh xéac
cia md hinh ciing tang theo. Tuy nhién, viéc tang
sO tang lam tang hiéu suit mo hinh 1én khoang 2%
dong thoi cling 1am tang thoi gian xtr Iy ciia mé hinh
1én. Trong thuc té, dé can bang giira hiéu suat va thoi
gian can lya chon cac tham sb phu hop dé cho ra
dugc két qua nhu mong doi. Cac két qua thir nghiém
dé Iya chon cac tham sb phu hop ciing nhu mé hinh
da duogc trinh bay.
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Ap dung mang CNN trong phan loai
quang pho Raman cia dung dich
glucose tinh khiét véi bo dir li€u tang cuwong
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Tom tat:

Trong nhitrng nim gan diy, ng dung cong nghé hoc may trong chin doan tiéu dwdng theo
phwong phap xam lin tré' thanh mdt linh vue nghién ciru quan trong trong y hoc. Trong giai
doan nghién ciru hién tai, chiing t6i tao ra cic mau dung dich glucose véi 14 mirc khac nhau
dua trén nong dd mol ciia glucose trong dung dich, trwée khi chiéu tia laser dé thu thip quang
pho Raman. Dya trén két qua tich cure tir nghién ciru truée, chiing téi tai sir dung phwong phap
ting quy mé bd dir liéu bing k¥ thuat tao dit liéu 40 thém nhiéu jitter. Tir d6 mot bd dir li¢u méi
dworc tao ra, gom dir li¢u that va dir liéu 4o c6 s6 mau 16n hon gip 100 lin. M hinh mang no-ron
dugec sir dung 12 mé hinh tich chiap mét chiéu véi muc dich xac dinh mire glucose trong cic mau.
Két qua cho thiy, ky thuat tao miu gii thong qua phwong phap thém nhiéu jitter niang cao dd
chinh xic ré rét trong viéc giam thiéu hi¢n twong qua khép ciia md hinh hoc siu, dong thoi dat
do chinh xdc cao trong viéc phin loai tin hiéu tin xa Raman.

Tir khéa: chan doan tiéu dwong, mang no-ron tich chap, nhan ban dir liéu, nong dd glucose,
quang phé Raman.

Application of jitter augmentation in classification of Raman scattering from glucose
liquid with several machine learning models
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Abstract:

The utilisation of machine learning technology for invasive diabetes diagnosis has emerged
as a prominent research area in the medical field in recent years. The study employs Raman
spectroscopy of a glucose fluid sample to ascertain glucose levels. We produce glucose-liquid
samples with 14 varying ratios of glucose to pure water to replicate the 14 glucose concentrations
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found in human blood and acquire the corresponding Raman spectra. With the optimistic
result of the previous study, we also design the jittering augmentation approach to enhance the
dataset and the dataset size was increased by a factor of 100. We employ a 1-D Convolutional
Neural Network to ascertain glucose levels in samples. The result proves the positive effect of
jitter augmentation for improving the performance of the deep learning model as well as high
accuracy of these models in classification of Raman scattering.

Keywords: artificial intelligence, convolutional neural network, glucose concentration, jitter

augmentation, Raman scattering.

1. Dat van de

Viéc phat hién kip thoi bénh tiéu duong c6 thé
duoc thuc hién thong qua cac phuong phap theo
ddi glucose mau chi phi thip. Hién nay, phuong
phap phat hién dudng huyét xAm 1an van pho bién
do tinh don gian, lién quan dén viéc thu miu mau
dé phan tich in vitro. Céc thiét bi theo ddi glucose
truyén théng st dung phuong phéap dién hoa, yéu
cau ldy mot lugng mau xac dinh tir bénh nhén
thong qua viéc chich ngoén tay hodc s dung kim
cdy dudi da. Hau hét nhitng ngudi méc bénh tiéu
duong cam thay khong thoai mai khi phai kiém
tra mirc duong huyét thuong xuyén, do can lay
méu nhiéu 1an mdi ngay dé xét nghiém.

Nghién ciru nay ap dung chién luoc hoc sau
nhiam giai quyét kho khian do, ké thura tir cac
nghién ctru trude cua ching t6i. Mang no-ron tich
chap mot chiéu (viét tit 1a 1-D CNN hoidc CNN)
duoc str dung dé phan tich méi twong quan gitta dir
liéu quang ph6 Raman va muc glucose. Dé giam
thiéu hién twong qua khép (overfitting) trong qua
trinh hudn luyén, chung t6i ap dung chién lugc
tang cuong dir liéu bang cach thém nhiéu jitter
nham tao ra cac mau twong duong, gdp phan mé
rong tap dir liéu. Két qua thu duoc cho thay hiéu
qua 10 rét, do chinh xac dat trén 96%.

Bai bao nay duoc to chic thanh bon phan
chinh: Gidi thiéu, phuong phép, két qua thuc
nghiém va két luan. Phan giéi thiéu trinh bay tong
quan vé vin dé nghién ctru va tim quan trong cta
n6. Phan phuong phap mé ta cac chién luge va
quy trinh duogc sir dung dé xay dung mé hinh 1-D
CNN va xir ly tap dir liéu. Trong phan két qua
thuc nghiém, ching t6i phan tich va théo luan cac
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phat hién cua nghién ctru, bao gdm hiéu qua cia
mo hinh CNN. Phan két luan tong hop cac két qua
chinh, danh gia tac dong cuia chiing va dé xudt cac
hudéng nghién ctu trong tuong lai.

2. Nghién ciiu lién quan

Do nhiing han ché ciia cac phuong phap xét
nghiém dudng huyét truyén thong, nhiéu phuong
phap khong xam lan da duoc phat trién nham cung
cip danh gia nong d6 glucose mdt cach chinh
x4c. Gan ddy, quang phd Raman di duoc nghién
ctru nhu mdt cong cu dé danh gia mirc glucose.
Quang phé Raman, dua trén hién tugng Raman
duogc phat hién vao nam 1928 [1], hoat dong nhu
mot k¥ thuat tan xa. Tan xa anh sang xay ra do sy
tuong tac giira cac phan tir trong mau vdi tia laser
don sic. Anh sang bi tan xa & mot tan sb khac vai
tan xa dan hdi s& tao nén phé Raman, phan anh
su tuong tac khong dan hoi gitra phan tir mau va
anh sang don sic. Thiét bi s dung trong quang
ph6 Raman, goi 1a may quang phd Raman, thuong
bao gém bdn thanh phan chinh: ngudn phat laser,
budng chira mau, budng quang phd sir dung cach
tir nhiéu xa va bo phan thu nhan tin hiéu. Quang
phd Raman c6 thé duoc tmg dung dé do nhiéu loai
hop chat hoa hoc khac nhau [2]. M6t phat hién
dang cht y vé mdi lién hé gitra dit liéu pho Raman
thu duoc tir co thé ngudi va mire duong huyét da
dugc trinh bay trong [3]. M6t s6 nghién ctru trong
nhitng nam gan day da xay dung chién lugc hodc
phuong thirc do glucose khong xam 14n bang phd
Raman trén nguodi dd cho thiy tiém ning tng
dung. Nghién ctru cia I. Rehan va cs (2024) [4]
da ap dung ky thuat hoc may co ban la may vecto
hd trg (viét tit 1a SVM) dé phan tich dit liéu phd
Raman tir nude tiéu dé danh gia xem ngudi dé co
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bi tiéu duong khong, két qua dat duoc dang ké 1a
ty 1¢ chinh xac 1én t&i 94%. Trong nghién clru ctia
L.A. Duc va cs (2023) [5], bénh tiéu duong tuyp 2
cling da dugc phat hién thong qua sy két hop giira
phd Raman va cac k¥ thuat hoc may. Tuy nhién,
thach thirc trong viée sir dung phd Raman 1a dam
bao hiéu qua du doan muic glucose mot cach on
dinh. Nhiéu yéu t c6 thé anh huong dén két qua,
chang han nhu cuong do tin hiéu Raman yéu va
dic diém phtc tap cia co thé ngudi khi co cau
trac day ddc gom cac mo va chét long [6]. Trude
tinh hinh d6, mot s nghién ctru da c6 nhirng cach
tiép can don gian hon khi thu thdp Raman tir dung
dich glucose thay vi thu tryc tiép trén da nguoi,
nham danh gi4 hiéu qua hoc may khi trich xuét
glucose. Nghién ciru ctia Gonzélez-Viveros dé
xudt giai phap ap dung Mang no-ron tich chap dé
phan loai ndng do duong trong dung dich nudc
duong véi do chinh xac cao [7].

Twr cac nghién ctru trude, nhém nghién curu da
thuc hién toan bo cac budc, tir thu thap di ligu
dén dé xuit cic mo hinh hoc may dé giai quyét
bai toan phan loai dya trén dir li¢u phé Raman c6
dic trung ndng do6 glucose. Theo T.N. Quang va
cs (2024) [8], cac mau gia lap duoc tao ra véi gia
tri mong mudn thay vi sir dung miu sinh hoc, do
gap nhiéu han ché trong viéc thu thap mau theo
cach khong x4m lan hodc xdm lan & cac ving
khac nhau trén co thé ngudi [9], cling nhu cac van
dé dao duc lién quan dén thir nghiém trén nguoi.

Trong nghién ctru trude, chiing t6i da tién hanh
toan bo qua trinh tir thu thap dir liéu dén dé xuit
md hinh hoc may dé phan loai dir li¢u phé Raman
v6i didc trung ndong do glucose [8]. Mot may quang
phé Raman kich thudc 16n dugc st dung dé thu
thap dir liéu tir vat liéu. Cac mau duoc téng hop
bang cach pha tron glucose tinh khiét véi nude
khir ion theo ty 1¢ chinh xac nhim mo phong mau
mau c6 cac mirc glucose cu thé trong moi trudng
phong thi nghiém. Chiing t6i thiét 1ap cong sut
laser & mirc 115 mW va cdu hinh pham vi do dé
bao phu budc song 792,3 nm trong 300 gidy. Sau
d6, ching t6i nhé 3 ml dung dich glucose vao vi
tri can do dé thu nhan phé Raman. Tin hiéu tan
xa nay dugc s6 hoa thanh dit liéu co thé tién xu

Iy va dua vao mo6 hinh hoc may. B chinh xac ¢
cdp mau dong vai tro then chdt trong viée danh
gia kha nang dy doan muc glucose ciia mo hinh
trong nghién ctru nay. Ching t6i cling st dung
mod hinh CNN 4 16p cung voi cac md hinh hoc
may don gian nhu SVM, Random Forest va Extra
Trees. Tuy nhién, do ) luong dit licu van con han
ché, chung t6i da ap dung ky thuét ting cudng
dir liéu jitter dé tang s6 lwong mau, qua do6 tranh
hién tuong qué khop trong cac md hinh hoc may
phtrc tap nhu CNN [10]. Két qua cho thiy hiéu
qua 10 rét voi do chinh xac cao trén tat ca cac mod
hinh hoc may, dac biét la mo6 hinh CNN. Pang chu
y, hiéu suét ctia md hinh khi su dung tap dir li¢u
da ting cuong cao hon so véi tap goc, diéu nay
cho thay hiéu qua cua k§ thuat jitter augmentation
d6i véi dit liéu Raman tir mau tinh khiét. Do do,
trong bai bao nay, chung toi ap dung ky thuat jitter
augmentation v&i quy mo 16n hon va dé xuat mot
mod hinh CNN ¢6 kich thudce lon.

3. Tao dir liéu 4o véi thém nhiéu jitter

Ching t6i st dung tap dir li€u Raman tu
nghién ctru trude duge thu thip bang thiét bi phd
ké quy mo 16n [8]. Tap dit liéu géc, duoc tao ra tur
céc phép do thuc nghiém, bao gdm 14 nhén twong
tng v6i 14 muc ndong d6 glucose tir 5,0 dén 7,5
mmol/l. Méc du khoang gié tri glucose nay khong
bao phu toan b dai chi sb glucose ciia bénh tiéu
duong, muc ti€u cua bai bao nay cling nhu nghién
ctru trude [8] 1a nhdm ching minh tinh kha thi
ctia md hinh CNN va viéc sir dung cac ngudn dir
liéu khong lay tir nguoi. Do d6, pham vi glucose
giéi han nay khong 1am anh huéng dén tinh toan
ven ctia nghién ctru. Cac khoang nong do glucose
duoc gan nhan mot cach déu dan, trung binh tu
0,1 d&én 0,5 mmol/l. Mdi mau chira nhiéu cip dir
lidu budc song - cuong do trong phdé Raman, cac
cip niy duge danh chi s6 va sip xép theo thir tir
tang dan ciia do dich budc song.

Trong nghién ciru trudc cua T.N. Quang va
cs (2024) [8], thuat toan tang cuong jitter dugc
st dung dé tao ra cac mau dir liéu méi, dua trén
su twong dong giita pho tan xa Raman va dir liéu
chudi thoi gian ma dic trung ctia cac nhan glucose
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dugc xac dinh boi mbi twong quan ty 1& giira cac
gi4 tri cuong do 1ién ké [11]. Trong bai bao nay,
cong thirc tong quat dé tao dir liéu chudi thoi gian
moi bang phuong phap jitter [12] dugc p dung
cho phd Raman nhu cong thirc (1), véi mot mau
Raman thyc I={I,L, ..., Ij, N I

Lp)={,te,L+e, . .,Ite, ... [ +e} )

trong do: I (p,): mau 4o thtr i duoc tao tir mau
that I; I Cuong do o tzu('rc song thir j; n: S6 budc
song tro~ng quang phd Raman; € Gia tri nhicu
jitter ngau nhién ¢ cuong do dugc thém vao budce
song thu j.

Trong nghién ctru ctia T.N. Quang va cs (2024) [8],
kich thudc dir liéu sau khi sao chép bang ky thuat
tang cuong jitter da ting 1én gap 20 1an, tir 70 mau
ban d4u 1én thanh 1400 miu. Twong img, mdi muc
glucose trong tap dit liéu gbc bao gdbm 5 mau,
trong khi tap dit liéu di ting cuong chira 100 mau
gdm 5 mau gdc va 95 mau gia 1ap. Trong nghién
ctru nay, kich thudc dit liéu dwoc nhan 1én 100 lan
(tir 70 1én 7000 mAu). Cuy thé, mdi muc glucose
trong tap dir liéu ting cudng bao gébm 500 mau,

Bang 1. S6 lwong mau twong ng v&éi mdi mivc
glucose v&i moi bo dir liéu.

S6 mau moi nhan mire glucose

Miirc

dwong  Bg dirligu B dii lidu B.ﬁ‘dﬁ' ll;,éu tdﬁg
huyét  gde ting cuong cuons 0"ngh1en

curu trude [8]

3,0 5 500 100

5.2 5 500 100

5.4 5 500 100

5,5 5 500 100

5,6 5 500 100

5.8 5 500 100

6,0 5 500 100

6,2 5 500 100

6,4 5 500 100

6,5 5 500 100

6,6 5 500 100

6,8 5 500 100

7,0 5 500 100

7,5 5 500 100
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trong d6 ¢6 5 mau gdc va 495 mau gia lap. Bang
1 trinh bay s6 lugng mau tuong tmg & mdi mirc
glucose trong tung tap dir ligu.

Chuing t6i ciing luu ¥ trong bang 1 rang, ma
nhan dugc st dung nhu mot dinh danh trong qua
trinh huan luyén va kiém thir ciia mé hinh hoc sau.
Do dac trung cua bai toan phan loai, mirc glucose
cua mdi mau dugc xac dinh dua trén ma dinh
danh nay thay vi gi tri thuc té ciia no.

4. Thit nghiém véi mé hinh hoc may
4.1. Pé xudit mé hinh CNN

Trong nghién ctru trude [8], chung toi da dé
xuat mot mo hinh CNN gom 4 16p va két qua thu
duoc kha kha quan véi tap dir liéu da dugc ting
cuong. Trong nghién cuu nay, kich thudce tap dir
lidu duoc tang 1én gp 100 1an va dit liéu cua mdi
mau c6 kich thudc rat 16n véi 2030 gia tri, do do,
mot mo6 hinh CNN 16n hon ciing dugc dé xuat. Cu
thé, mot mang 1-D CNN véi 7 16p no-ron duge
xay dung, bao gém 5 16p tich chap, 1 16p dau vao
va 1 16p dau ra.

Lé6p dau vao c6 nhiém vu tiép nhan gia trj cua
mau dudi dang mang gdom 2030 phan tir, tuong
tng v6i s6 luong gia tri cudng do cua phd Raman.
Lé6p dau ra c6 nhiém vy 1am phing va tra vé nhan
thudoc tap 14 nhan. Cac dac tinh cua tung l6p
no-ron dugc mo ta trong bang 2.

Bang 2. M6 hinh CNN dé xuét.

Thir twlép  Kich thwéc nhan S6 bd loc
Lép 1 48 1152
Lép 2 24 576

Lép 3 12 144

Lép 4 6 36

Lop 5 3 9

Tuong tu nhu trong nghién ciru trude [8], 16p
lién ké 16p dau ra co kich thude kernel nhd hon
mot cach ty 18 so voi cac 16p & xa hon, diéu nay 1a
do co ché pooling von c6 trong mang 1-D CNN.
Gi4 tri cua 16p trude d6 (gan 16p dau vao hon) co
kich thudc kernel gip doi so vai 16p lién ké phia
sau, tic 16p O gan 16p dau ra hon. Ngoai ra, dé
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nang cao hi¢u suét ciia mo hinh CNN, s luong bd
loc tai mdi 16p duoc xac dinh bang binh phuong
cua gia tri kich thude kernel tuong ung. Ching t6i
sir dung ham kich hoat ReL U va ap dung phuong
phép chuan héa L2 véi hé sé diéu chinh 13 0,05 ¢
tat ca cac 16p.

Chuong nay trinh bay cau trac va ndi dung
cua tap dir liéu dugc str dung cho mé hinh CNN,
cung v6i kién tric cia chinh mé hinh CNN. Trong
chwong tiép theo, chiing t6i sé& trinh bay qua trinh
trién khai mo hinh CNN, quy trinh huan luyén va
mo ta thiét 1ap thuc nghiém.

4.2. Qud trinh hudn luyén va kiém thi

Yéu to cbt 15i trong viéc danh gid mo hinh
CNN la xac thue cach mé hinh hoc trong qua trinh
huén luyén va hoat dong nhu thé nao trong qua
trinh kiém thir. Ngoai ra, chiing t6i ciing so sanh
hiéu suat cia mé hinh CNN. Do dé, mét loat thi
nghiém dugc thiét ké v6i phuong phap tao tap dir
lidu riéng biét cho huin luyén va kiém thir, lich
trinh hudn luyén va két qua tir qua trinh kiém thir.

Trong nghién ctru trude [8], ky thuat kiém
dinh chéo K-fold dugc stir dung, theo do tap di
liéu duge chia thanh 5 phan bang nhau, trong d6
mot phén duoc chon lam tap kiém thir, bon phén
con lai duogc dung cho huén luyén.

Véi cach phan chia nay, tap kiém thir bao gdm
1330 mau dugc chia déu cho 14 ma nhén, tirc mdi
nhdn c6 95 mau. Tuong tu, tap huin luyén co téng

cong 5320 mau, trong d6 mdi nhan c6 380 mau.
S 1an l3p lai qua trinh 14 50. Dé giam thiéu hién
tuong qua khép, ching t6i ap dung kiém dinh
chéo K-fold voi thu vién Sklearn, mot k¥ thuat
trong d6 mdi phan dugc luan phién lam tap kiém
thtr, trong khi cac phﬁn con lai dugc st dung cho
huin luyén. Ngoai ra, sau khi dua vao md hinh
hoc may, qua trinh chia dir li¢u cling ty dong tién
hanh véi thu vién Tensorflow. Hinh 1 md ta cac
budc thuc hién thi nghiém gdém hai bude 1a: bude
(1) dua dir liéu vao mang 1-D CNN phuc vu viéc
huén luyén, diéu chinh trong sb cac 16p tich chap
va budc (2) 1a cho mang CNN da “duogc hoc”
thong qua tdi wu hoa trong sb cac 16p tich chap
thi nghiém véi dit liéu doc 1ap. Ban than budc (1)
cling bao gém nhiéu dot véi mdi dot duge thuc
hién theo chu trinh tuan hoan 14 (1.1) huén luyén
va (1.2) kiém thtr. Luu ¥ rang kiém thir & bude
(1.2) khac vai kiém thir K-fold ¢ bude (2). Kiém
thir budce (1.2) duoc thue hién sau mdi 1an huén
luyén ¢ bude (1.1) va thyc hién nhiéu lan theo
timg dot v6i muc dich t6i uu hoa trong sb 16p tich
chap trong khi kiém thir K-fold duge thuc hién
duy nhét mot 1an sau khi mé hinh da duoc t6i wu.

Nhu vay, c6 thé thiy viéc phan chia tap dit liéu
dién ra hai lan, mot lan thuc hién dé phuc vu viéc
danh gia hiéu nang theo co ché K-fold, mot lan
dé mang 1-D CNN diéu chinh tham s6 sau huan
luyén. Vi co ché K-fold, tap dir liéu dugc chia
thanh 5 phan bang nhau, trong d6 mét phan dugc

64% 16% 20%
(1.1) (1.2) (2)
(1.1) Huan (1.2) Kiém ::> (2) Kiém thir
luyén CNN thir CNN K-fold
(1) bura vao
mang CNN

I

Tap dir liéu

Hinh 1. Phan bé tap dir liéu vao cac bwéc trong mdi 1an van hanh mang 1-D CNN.
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chon 1am tap kiém thir va bn phan con lai ding
cho huin luyén. Nhu vay dit li€u phuc vu mang
1-D CNN la 80%. Mot lan nira, ty 1€ chia trong
mang 1-D CNN duoc thiét lap theo chuin 12 0,2,
tuong tu ty 1& véi co ché K-fold. Viéc phan chia
tap dir liu s€ dugc truc quan hoa ¢ hinh 1, voi ty
18 64% phuc vu huan luyén CNN, 16% phuc vu
kiém thir CNN va 20% phuc vu kiém thu K-fold.
Luu y rang, do kiém thir va huan luyén CNN dugc
thuc hién nhiéu 1an trong mot lan van hanh, dir
lidu phan chia vao hai tap kiém thir va huén luyén
trong CNN sé& duoc ty dong sip xép, phan chia
lién tuc trong tdp dir li€u dua vao mang CNN
(chiém 80%) con dit liéu phuc vu kiém thir K-fold
s& 1a ¢6 dinh.
4.3. Tiéu chi do dac

Trong pham vi nghién ctru, mot sé tiéu chi
phé bién trong linh vuc hoc may duoc st dung dé
danh gia nhu: do chinh xac (accuracy) va do sai
sd. Trong cac chi s nay, do chinh xéac 1a gia tri
quan trong nhét phan anh hiéu suat cia mé hinh
hoc may voi mot tap dir liéu cu thé.

Trude khi tinh toan d¢ chinh xéc, ching toi
xac dinh cach thirc danh gia hiéu sut cia mo
hinh. Trong bai toan phan loai, nhi€ém vu chinh Ia
mo hinh s& du doan mét nhin cho mot mau phé
Raman, sau d6 kiém tra két qua bang cach so sanh
vO1 ma nhan thuc té. Do do, két qua d4u ra cia mo
hinh s€ c6 hai trang thai: dung hodac sai.

Do chinh xéc 1a ty 18 gitra s6 1an du doan dang
trén tong sO lan phén loai, dugc tinh theo cong
thtrc (2):

Ny x 100%

Accuracy (%) = NI N (2)
T+ Np

trong do: N.: S6 lan phan loai dung; N.: S6 lan
phén loai sai.

Vi tidu chi ham sai s6, chung toi str dung ham
mat mat entropy dang Categorical dé do do sai
khéc giita phan phdi xac suat dy doan ciia mo hinh
dbi voi cac 16p va phan phdi thuc té cua nhan.
Ham mat mat nay duoc tinh theo cong thirc (3),
nham do luong mirc d khac biét giita hai phan
phéip va q[13]:

H(p,q) = — X;p;ilog(q;) (3)
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Trong pham vi nghién ctru, d chinh xac dugc
tinh theo cong thuc (2) va (3) cho tung vong lap
trong tong s6 50 vong lap, trude khi tinh gia tri
trung binh cudi cing.

4.4. Két qua

Bang 3 trinh bay gia tri trung binh cua hai tiéu
chi danh gia: ty 1€ chinh xac tinh theo cong thiic
(2) va do sai sb tinh theo cong thic (3) cua md
hinh CNN vdi 5 1op tich chap trén ba loai tap dir
lidu: tap dir lidu gbc, tap dir liéu di ting cudng
trong nghién ctu trude [8] va tdp dir ligu da tang
cuong trong nghién ctru nay.

Bang 3. Két qua do dac va déi sanh.

A 1ot D) chinh D mit

CNN Tap dir liéu xic (%) bt
416ptich Raw [8] 90,08 9,53
chap [8]  Modest Enriched [8] 95,03 8,51

Tap dit liéu tho 88,73 11,02
516p tich )

OP U Modest Enriched [8] 95,92 8,16

chap

Large Enriched 96,81 7,87

Két qua bang 3 cho thiy, mé hinh CNN v&i
5 16p tich chap gdp phai hién twong underfitting
khi xtr Iy dir liéu quy md rat nho nhu tap dit lidu
gbc. Khi ap dung mo hinh CNN 16n hon 1én tap
di liéu c6 quy mo trung binh dugc sir dung trong
nghién ctru trude [8], do chinh xac ctia mo hinh cé
cai thién nhe so voi mo hinh CNN nhé hon trong
nghién ctru d6, song song véi do6 1a do sai sb thap
hon. Déi véi tap dit liéu da dugce ting cudng & quy
mo 16n trong nghién ciru nay, két qua thu dugc
rat tich cuc, voi dd chinh xac & murc cao nhit 1a
96,81% va do sai s6 & mirc thap nhat 14 7,87.

5. Két luan

Chung t6i danh gia tinh kha thi cua m6 hinh
mang no-ron tich chap mot chiéu (1-D CNN)
trong viéc phan loai cac murc ndng do glucose cu
thé dua trén dir liéu phé Raman thu dugc tir dung
dich glucose tinh khiét.

Trong qua trinh thu thap dir liéu, ching toi tao
ra mot tdp gdbm nim mau, mdi mau chira dir lidu
ctia 14 murc ndng do glucose, dao dong tir 5,0 dén
7,5 mmol/l. Tuy nhién, kich thuéc miu nhu vay
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la chua du dé giam thiéu hién tuong qua khép
thuong gédp trong cac mo hinh hoc sau. Vi vay,
chung toi ap dung k¥ thuat tang cuong dir 11eu
bang jitter dé tao ra cac mau mo phong. Tong s6
mau dugc tao ra sau qua trinh tang cuong dir liéu
14 7000 mau, voi mdi mirc glucose dugc dai dién
bdi 500 mau.

Trong nghién cru nay, chung téi hoan toan
kiém soat toan bd quy trinh tao tap dir li€u bao
gém viéc tao mau vat liéu, thu thap phé Raman
thong qua tuong tac gitta anh sang va vat liéu,
cling nhu thiét ké va trién khai thuat toan ting
cuong dir liéu jitter.

V& thiét ké mo hinh hoc sau, chiing toi trién
khai mang CNN mot chiéu véi bon 16p va st dung
ham mét mat dang entropy phén loai (categorical
entropy). Ky thuét kiém dinh chéo K-fold duoc
stir dung dé chia tap dir liéu da ting cuong thanh
cac phan huan luyén va kiém thir. M6 hinh dugc
huén luyén trén tip huin luyén va danh gia trén
tap kiém thir qua 50 lan lap lai.

Chung t61 sir dung thu vién TensorFlow voi
ngon ngit Python dé xay dung mo hinh CNN, va
st dung thu vién scikit-learn (sklearn) voi Python
dé trién khai kiém dinh chéo K-fold. Viéc dénh
gi4 hiéu suat mé hinh duogc thyuc hién dya trén bon
t1eu chi, trong do6 ¢o ty 1¢ chinh xac va gia tri ham
mat mat. Mic du co mot vai bét 6n trong mot sb
vong ldp, chang t6i van tiép tuc thir nghiém mo
hinh CNN voi tap dir licu thu duogc tr nguoi that
vbn didc trung boi muc nhidu cao va khong co gia
tri glucose xac dinh ro rang.

LOI CAM ON
Nghién ctru nay dugc tai trg boi Bo Khoa hoc

va Cong nghé theo ma sb dé tai DTDL.CN-25/23.
Cac tac gia xin chan thanh cam on.
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Chién hrgc ving dém thich nghi cho khai théc
mau tuan ty loi ich cao déu dan trén dir liéu tang truong

Tran Minh Thai*

Khoa Céng nghé Théng tin, Truong Pai hoc Ngoai ngit - Tin hoc TP. Ho Chi Minh
228 Sw Van Hanh, phuwong Hoa Hung, TP. Ho6 Chi Minh, Viét Nam

Ngay nhan bai 2/12/2025, ngay gui phan bién 22/12/2025, ngay nhan phan bi¢n 31/12/2025
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

Adaptive buffer strategy for regular High-Utility
sequential pattern Mining on incremental data
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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.

Keywords: data mining, high-utility sequential patterns, regular patterns, incremental mining,
adaptive buffer, dynamic parameter tuning.

Email: thaitm@huflit.edu.vn
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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.
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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
&8 2 3 B K& e g Z % B K
o g & oL 2
o © a, (]
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
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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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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%.
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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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Hinh 6. Anh hwéng cua - khéi tao trén BIBLE. (A) Thoi
gian chay, (B) B6 nhé str dung.
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Hinh 7. Sé lwong mau theo u kh&i tao trén BIBLE. (A)
S6 mau HS, (B) S6 mau SHS lwu dém.
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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
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Hinh 9. Anh hwéng ctia 1 khéi tao trén Chainstore. (A)
Th&i gian chay, (B) B6 nhé str dung.
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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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Tom tat:

Bai b4o nay xét bai toan khai thac cac luat két hop lgi ich cao tir co sé dir li¢u dinh lwrgng. Cic tiép cin truyén
théng chii yéu dua trén do tin ciy - loi ich thong thuong ma khong xem xét mirc d9 gin két thue s giira cic muc.
Do thiéu mot d9 do twong quan, nhiéu luat dwgc phat hién cé lgi ich cao nhung cic muc trong lut lai it dong
xudt hién, khé dién giai va kém y nghia thue tién; ddng thoi sé lwong luat sinh ra thwong rat 16n. Pé khic phuc
cac han ché nay, bai bio dé xuit mt dd do tin cdy dwa trén loi ich méi, dong thoi tich hgp thém do do twong
quan Bond nhim bdo dam cic muc trong luit vira mang lai lgi ich cao vira c6 méi lién két chit ché. Trén nén
tang do, bai bao dé xuit 16p luat két hop stc tich cé loi ich cao va twong quan manh, goi 1a SCOHUAR, trong do6
mdi luat dwoc biéu dién dwdéi dang rat gon, dai dién cho mét nhém luét twong dwong vé d hd tro. Ngoai ra, bai
bio con trinh bay phwong phap phan hoach tap cic SCOHUAR giiip bio dam sinh diy dii va khong trang lip
cic luat SCOHUAR va cic k¥ thut toi wu dé ting téc qua trinh khai thac. Cudi cing, thuat toan M-SCoHUAR
duge thiét ké dé khai thac hi¢u qua cic SCOHUAR, trong d6 tich hop cac két qua ly thuyét dwoe dé xuit. Cac
két qua thwe nghiém chi ra rang thuit toan dwge dé xuit c6 nhiéu wu diém noi bat hon so véi cac phwong phap
truwéc day vé thoi gian thue thi, mirc bd nhé sir dung va chit lrong ctia cac miu dwge kham pha.

Tir khéa: @ do twong quan Bond; ham tin cdy - lgi ich; luat két hop loi ich cao; ludt két hop sic tich; ludt két
hgp twong quan cao; miu déng; miu sinh.
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Abstract:

This paper investigates the problem of mining high utility association rules from quantitative databases. Traditional
approaches mainly rely on conventional utility-confidence measures without considering the actual strength of
association among items. Due to the absence of a correlation measure, many discovered rules exhibit high utility while
the items within the rules co-occur infrequently, making them difficult to interpret and of limited practical significance;
moreover, the number of generated rules is often very large. To address these limitations, this paper proposes a novel
utility-confidence measure and integrates the Bond correlation measure to ensure that the items in a rule not only
yield high utility but also exhibit strong correlations. On this basis, the paper introduces a class of succinct correlated
high utility association rules, called SCoOHUARSs, in which each rule is represented in a compact form that serves as
a representative of an equivalence class of rules sharing the same support. In addition, a partitioning method for the
set of SCOHUARSs is presented to guarantee complete and non-redundant generation of all SCOHUARSs, together with
several optimization techniques to accelerate the mining process. Finally, the M-SCoHUAR algorithm is designed to
efficiently mine SCoHUARs by integrating the proposed theoretical results. Experimental results demonstrate that the
proposed algorithm significantly outperforms existing methods in terms of execution time, memory consumption, and
the quality of the discovered patterns.

Keywords: Bond correlation; closed pattern; correlated association rule; generator pattern; high utility association
rule; succinct association rule; utility-confidence measure.
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1. Gidi thiéu

Khai thac luat két hop 1a mot trong nhimg huéng
nghién ciru nén ting cua khai pha dir lidu va da thu hit sy
quan tim ctia nhiéu nha nghién ctru trong nhirmg ndm qua
[1]. Céc phuong phap truyén théng dya chi yéu trén do hd
trg va do tin cay. Cach tiép can nay xem moi muc la nhu
nhau va chi quan tdm dén tin suit xut hién, nén khong
phan 4nh dwoc tm quan trong hay lgi ich cua timg muc
trong giao dich. Diéu nay dan dén kha nang thu duoc cac
luat c6 d¢ tin cdy cao nhung déng gop loi ich thap, kém gia
tri trong cac bai toan ra quyét dinh. Dé khéc phuc han ché
d6, cac nghién ciru vé khai thac tap muc loi ich cao (high-
utility itemset (HUI) mining - HUIM) d4 dwoc dé xuat [2],
trong do mdi muc duoc gan mot trong ) loi ich va mot tap
muc duoc xem 14 loi ich cao néu tong loi ich cta n6 vuot
mot ngudng do nguoi dung chi dinh [2]. Bai toan nay co
nhiéu mg dung trong thyc té, ching han nhu kham pha cc
san pham c6 loi ich cao khi dwgc mua dong thoi, phan tich
hanh vi nguoi dung trong cac cira hang tryc tuyén, nghién
ctru dir lidu y-sinh, va tiép thi chéo [2-4]. Céc thuat toan
nhu Two-Phase [5], HUI-Miner [6], FHM [7] va EFIM [§]
di duoc phat trién dé xir 1y nhimg kho khin do do do loi
ich khong thoa tinh don diéu, thong qua viéce thiét ké cac
chin trén (UB) va cdu triic dit lidu ddc tht nham giam sb
lugng g vién va chi phi tinh toan.

Dura trén cac HUL bai toan khai thac cac luat két hop
loi ich cao (high-utility association rules - HUAR) tiép
tuc dwoc quan tim véi muc tiéu cung cdp thong tin hd
tro ra quyét dinh trong cac bdi canh nhu thuong mai dién
tu, tai chinh hay Internet van vat (IoT). Sahoo va cs [9]
da dé xuat khung do ludong do tin cdy - loi ich (utility-
confidence) dya trén ham tin cdy - loi ich , dinh nghia lai
luat két hop trong khong gian lgi ich, va dua ra cac khai
ni¢ém tap muc dong loi ich cao, tap muyc sinh lgi ich cao
cung thuat toan HUCI-Miner dé khai thac dong thoi hai
16p tap muc nay. Tur do, nhom tac gia xay dlrng duoc mot
co soO luat 101 1ch cao khong dur thira, c6 tién de (vé trai
cua luat) t6i tiéu va hau dé (vé phai cua luat) t6i da. Céac
thudt todn sau do su dung chu truc dan ctia tap muc loi ich
cao dé sinh toan bo hodc mot tap con khong du thira cac
HUAR véi hiéu qua t6t hon [10-12].

Tuy dat dugc nhiéu két qua quan trong, cac hudng tiép
can trén chu yéu danh gia luat dua trén loi ich va do tin
cay theo loi ich, chua tich hgp truc tiép cac d do tuong
quan dé kiém soat mirc do gin két giita cac muc trong
luat. Trong thuc té, mot luat co loi ich cao nhung tuong
quan yéu (chang han khi vé phai cta luat xut hién rat phd
bién, it phu thudc vao vé trai) c6 thé it mang lai gid tri giai
thich va hd tro ra quyét dinh. Df‘)ng thoi, cac co so luat
khong du thira hién c¢6 méi chu yéu khai thac khai niém
dong/sinh trong khong gian loi ich, chua két hop rd rang
ca hai yéu t: lgi ich cao va twong quan manh.
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Xudt phét tir nhitng nhan dinh d6, bai bao nay nghién
ciru bai toan khai thac cac luat két hop stc tich ¢6 loi
ich va twong quan cao (Succinct Correlated High-Utility
Association Rules - SCOHUAR) trén co s¢ dir liéu dinh
lugng. Trude hét, bai bao sir dung khai niém d¢ tin cay - loi
ich trong [9] nhung d& xudt mot ham do tin cdy - loi ich méi
goi la, nhin manh phén loi ich ma vé phai thuc sy dong
gop khi vé trai xay ra. Dong thoi, bai bao tich hop thém
d6 do twong quan bond [13], von phan anh ti 1é gitra do hd
tro df‘)ng xuét hién va do hd tro rod rac cia tap muc, dé bao
dam cac luat thu dugc khong chi c6 lgi ich cao ma con thé
hién méi lién hé chat chd gilta cdc muc. Trong khai thac
cac tap muc phd bién, nhiéu do do twong quan da dugc dé
xuat nham d4nh gia mic d6 gan két giita cic muc, tiéu biéu
nhu bond [13], lift [14], all-confidence [15], kulc [16], v.v.
M3i d6 do phan 4nh mdi quan hé giita cac muc dudi nhing
goc nhin khac nhau. Cy thé, lift danh gia murc d§ phu thude
thng ké bang cach so sanh tan suat dong xuat hién quan
sat duge v6i tan sudt ky vong dudi gia dinh doc 1ap, qua
d6 cho phép phat hién twong quan duong hodc am giira cac
thudc tinh. Trong khi do, kulc tap trung do luong mirc do
gén két hai chiéu, thong qua trung binh x4c sudt c6 diéu
kién theo cd hai hudng gilta cac tdp muc. So vdi cac do do
trén, bond, dugc dinh nghia la ty 1€ giira support ctia giao
va support ctia hop ciia céc tip muc, s¢ hitu nhimg vu diém
néi bat. Cu thé, bond 1a mot do do c6 tinh chét don dicu
giam nén dic biét phi hgp dé tich hop vao céc chién luge
cat tia hiéu qua trong qué trinh khai thac. Hon nita, nhu
da duoc chi ra trong phﬁn thyc nghiém cua [13], viéc st
dung bond mang lai chét lwong tap két qua tot hon va thoi
gian thyc thi nhanh hon so voi all-confidence trong bai toan
khai thac cac tap muc co loi ich va twong quan cao. Nho
nhimg dic tinh ndy, bond cho phép loai bé sém cac mau
khong twong quan, ddng thoi ning cao kha ning mé rong
cua thuat toan. Vi cac ly do néu trén, bai bao nay lya chon
bond lam d¢ do twong quan dé khai thac cac SCOHUAR.

Trén co s& do, bai bao dong thoi gii thiéu 16p luat
SCOHUAR trong d6 vé trai 1a tap muc sinh loi ich cao, hop
cua hai vé cua luat 1a tap muc dong loi ich cao [17], va ca
hai dong thoi thoa cc rang budc vé loi ich, d tin cy - loi
ich va twong quan manh.

Dé thiy duoc ¥ nghia cua ham tin cdy - loi ich mé6i
va do do twong quan bond, bai bao trinh bay mot vi du vé
co s¢ dit liéu thuc t& minh hoa viéc ban 1¢ phu kién cong
nghé trong mot clra hang online, trong d6 mdi gia tri 1a
loi ich thu dugc tr mat hang trong mot giao dich. Co sd
dir liéu duoc trinh bay trong bang 1, gom cac thudc tinh:
Smartphone, op heng, kinh cwong liec, bao hiém roi v, goi
data va tai nghe. Gia st ngudng do tin cay-loi ich t6i thiéu
va ngudng twong quan toi thiéu, xét ham tin cdy - loi ich
duoc gioi thiéu trong [13] (xem dinh nghia 16), ham tin
cdy - loi ich moi duogc trinh bay trong dinh nghia 17, va
d¢ do twong quan bond duogc trinh bay trong dinh nghia 8.
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Xét luat R1: Smartphone — Op lung, ta co uconf (R1)
= 0,616 > muconf, cuconf(R1) = 0,03 < muconf va
bond({Smartphone , 6p lung}) = 0,375 < mb. Luat
nay minh hoa truong hop uconf di 16n (vé trai “giir loi
ich” khi di kém vé phai), nhung cuconf rat nho, tic Op
lung chi dong gop loi ich khong dang ké. Do do, néu chi
ding uconf, ta c6 thé giit lai cac luat ma vé phai mang it
gia tri kinh té. Tuy nhién, néu st dung thém cuconf, ta co
thé nhan dién va ha wu tién cac luat loai nay. Ngoai ra, ta
ciing c6 thé loai bo luét nay do mirc twong quan khong dat
ngudng. Pang chi ¥ hon, luat R2: Op lung — Tai nghe
cho két qua uconf(R2) = 0.4 < muconf, cuconf (R2)
= 1,467 > muconf va bond({Op lung, Tai nghe}) = 0.5
> mb, cho thay Tai nghe dong gop loi ich vuot trdi trong
cac giao dich két hop Op lung, mic du uconf khong dat
ngudng. Vi du nay minh hoa rd ring cuconf c6 kha ning
phat hién cac luat ban kém sinh lgi cao ma uconf co thé
loai bo, déng thoi viée xét thém bond giup dam bao cac
luat thu duoc phan anh nhitg méi lién két ddng xuét hién
co y nghia. Ngoai ra, cuconf c6 thé hd trg uconf trong
viéc loai bo cac ludt mac du cd do tin cdy - loi ich cao
(theo uconf) nhung vé phai mang it gi4 tri kinh té.

Bang 1. Co s& div liéu dinh Iwo'ng minh hoa ban 1é phu
kién céng nghé.

ID  Cac thudc tinh (véi loi ich) trong giao tac

Smartphone (900), Op lung (40), Kinh cudng lic (25), Bao
hiém roi v& (200)

Smartphone (850), Bao hiém roi v& (200), Géi data (150)

Smartphone (820), Op lung (45), Kinh cudng luc (30)

Op lung (35), Kinh cudng lyc (20), Tai nghe (120)

Smartphone (880), Bao hiém roi v& (200)

Op lung (30), Kinh cudng luc (20), Tai nghe (110)

Smartphone (950), Op lung (50), Bao hiém roi v& (200)

Op lung (25), Kinh cuong lyc (15), Tai nghe (100)

Vi du trén cho thy rang viéc khai thac cac luat két
hop ¢6 1oi ich va twong quan cao, dya trén d¢ tin cdy - loi
ich m&i cuconf'két hop véi do do twong quan bond, mang
lai gia tri rd rét va c6 y nghia thyc tién trong cac img dung
thyc té. Trén co s& do, cac dong gop chinh cua bai bao
dugce tom tat nhu sau:

(1) Mot ham tin cdy - loi ich méi duogc dé xuat, thay
thé hodc hd trg (tiy vao img dung thuc t&) cho ham tin cdy
- loiich da duogc sir dung boi nhitng cong trinh trudc day.

(2) Bé xuit bai toan khai thac cac luét két hop stc tich
co lgi ich va tuong quan cao (SCoHUAR) st dung ham tin
cay - loi ich méi , d9 do twong quan bond va cac khai ni¢m
tap muc dong va sinh loi ich cao va twrong quan manh.

(3) Gi6i thiéu mot phuong phap phan hoach méi dé
sinh ra ddy di va khong tring lap tat ca cac SCOHUAR.

(4) Thiét ké mot thuat toan hidu qua M-SCoHUAR
nham khai thac nhanh cac SCOHUAR, trong do tich hop
cac két qua ly thuyét da dé xuat, két hop vai cac ky thuat
t6i wu nham giam thiéu t6i da sb phép kiém tra quan hé
bao ham giita cac tip muc, qua do6 tang téc qua trinh khai
thac.

(5) Cung cép cac két qua thyc nghiém thuyét phuc
nham xéc nhan tinh ding din va ¥ nghia ciia cac két qua
Iy thuyét dugc dé xuat, dong thoi chimg minh hiéu qua
cua thuat toan M-SCoHUAR trong viéc khai thac cac luat
SCoHUAR.

Phén con lai ctia bai bao dugc to chirc nhu sau: (i)
Muc 2 trinh bay tong quan cac cong trinh nghién ciru lién
quan dén khai thac cac tdp muc loi ich cao va cac dang
biéu dién stc tich ciia chung, ciing nhu cac cong trinh lién
quan dén khai thac luat két hop loi ich cao; (i) Muc 3 gidi
thiéu cac khai niém va ky hiéu can thiét cho viéc kham
pha cac luat két hop stc tich c6 loi ich va twong quan cao;
(iii) Muc 4 trinh bay quy trinh tong quat dé khai thac cac
luat két hop hiru ich, cting voi phuong phap va thudt toan
nhim sinh nhanh céc luat nay; (iv) Két qua thuc nghi¢ém
duoc thao luan trong (v) muc 5; Cudi cung, nhitng két
luan va cong viéc tuong lai dugc trinh bay trong muc 6.

2. Nhiing cong viéc lién quan
1. Khai thac cac tap muc lgi ich cao

Khai thac céc tap muc lgi ich cao (HUIM) da la mét
chi dé nghién ctru phd bién trong khai thac dir liéu, voi
nhiéu thudt toan dwoc phat trién dé kham pha hiéu qua
nhing tdp myc nhu vay [18, 19, 20-23]. Cac thudt toan nay
thuong dua vao céc chin trén (UBs) dé giam khong gian
tim kiém. Viéc thiét ké cac UBs chat ¢ thé dan dén cai
thién tryc tiép hiéu qua cua HUIM. Do d6, mot s6 UBs da
dugce thiét ké. Chan trén diu tién 1a TWU (transaction
weight utility), dugc st dung trong thuat toan Two-Phase
[5]. Thuat toan nay trudc tién xac dinh cac tdp muc co6 gia
tri TWU cao, va sau do loc bo cac tap muc ¢6 loi ich thép
(LUIs). Cach tiép can nay ciing duoc 4p dung trong cac
thuat toan khac nhu GPA va UP-Growth+ [4, 24]. UB thtr
hai, goi 13, dugc trinh bay trong [2], va chdt hon TWU.
Dé tinh toan hiéu qua, cac tic gia cua [2] di gidi thicu
cau trac utility-list dé luu trir thong tin can thiét cua cac
tap muyc. Céch tiép can nay ciing duoc st dung trong cac
thuat toan FHM [7] va HMiner, voi céc chién luge bd
sung nhu U-Prune, EUCP, va LA-Prune. Bén canh do, cac
phuong phap khac ciing dugc phét trién dé cai thién hiéu
qua cua HUIM, duya trén cac cAu trac di lidu méi [25,26]
[27, 28]. Gan déy, mot chan trén yéu (WUB) goi 1a duoc
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dé xuét trong [29], chdt hon va dwoc st dung trong céc
thuat toan C-HUIM va MaxC-HUIM dé loai bo sém hon
nhiéu tap myc co loi ich théip.

2. Khai thdc cac tdp muc dong va sinh cé lgi ich cao

D¢ khac phuc van dé sinh qua nhiéu két qua trong cac
thuét toan HUIM, nhiéu dang biéu dién stc tich cua tap
muc loi ich cao da dugc dé xuat. Tuy nhién, viée thiét ké
cac thudt toan hiéu qua cho cac biéu dién nay khong don
gian, vi doi hoi phai loai bo sém cac tap muc lgi ich tha‘ip
(LUI), cét tia som céc tap muc lgi ich cao khong 1a dong
vi/hodc khong 14 sinh, dong thoi thuong xuyén kiém tra
quan h¢ bao ham gitra cac tap muc. Mot s6 thuét toan tiéu
biéu theo hudng nay gdm CHUD [30], CHUI-Miner [31],
EFIM-Closed [32], HMiner-Closed [33], HUG-Miner
[34], HUCI-Miner [9,35], C-HUIM [29] va MaxC-HUIM
[29]. Cac thudt toan nay nhin chung sur dung cac chan trén
TWU va dé loai bo sém cac LUL; CHUD va CHUI-Miner
str dung hai tap PrevSet va PostSet dé cat tia nhanh cac
HUI nhung khong 14 dong; EFIM-Closed dung cau tric
utility-bin, k¥ thudt closure jumping va gop giao dich;
HMiner-Closed dung cdu tric MCUL mé rong tir CUL
ctng khai niém lgi ich dong va khong dong dé giam sb
lan quét dir lidu. Gan ddy, trong [17], cac tic gia da dé
xuat thuat toan FCGHUI-Miner dé khai thac dong thoi
cac tap muc dong va sinh c6 loi ich cao, su dung chéan trén
yéu ctia ham loi ich, chién luoc cit tia dia phuong theo
hai mirc lién tiép ctia cdy tién t0, tranh kiém tra quan hé
bao ham, qua d6 giam manh ing vién du thtra va cai thién
dang ké hiéu qua ctia qua trinh khai thac.

3. Khai thdc cdc ludt két hop lgi ich cao

J. Sahoo va cs (2015) [9] la mdt trong nhiing tac gia
dau tién dé xuat bai toan khai thac ludt két hop loi ich
cao. Ho da d& xuét do do tin cay dua trén loi ich (utility-
confidence) dé danh gia luat trong khong gian lgi ich,
déng thoi gidi thiéu cac khai niém tap muc dong va tap
muc sinh 1gi ich cao, cung thuat toan HUCI-Miner dé khai
thac déng thoi cac loai tap muc nay tir co s¢ dit liu dinh
lugng. Ttr cac tdp muc dong va sinh c6 1gi ich cao, nhom
tac gia xdy dyng mot co so lut két hop loi ich cao khong
dur thira, trong d6 vé trai cua ludt 1a tap sinh va hop hai vé
cua luat 1a tip dong. Dua trén hudng tiép can nay, T. Mai
va cs [12] dd dé xuét thuat toan LNR-HAR, st dung dan
cua cac tap muc lgi ich cao dé sinh truc tiép cac luat két
hop loi ich cao khong du thura, trong khi L.T.T. Nguyen
va cs (2020) [11] gidi thiéu cac thuat toan HGB-HAR va
LARM, két hop giira tip dong va tap sinh loi ich cao, va
cau trac dan dé cai thién hiéu qua vé thoi gian va bo nhé
cta qué trinh khai thac. Piém chung ciia cic cong trinh
trén 1a tap trung vao viéc giam s0 luong luat dugc khai
thac va loai bo du thira st dung ham tin cay - lgi ich ,
nhung chua tich hop mot do do twong quan dé bao dam
mirc d6 gén két gitra cac muc. Didu nay dan dén kha nang
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sinh ra cac luat c6 loi ich cao nhung sy twong quan gitra
cac thudc tinh trong luat con yéu.

Khoang trong nghién ciru trén 1a dong luc dé bai bao
nay dé xuat bai toan khai thac cac luat két hop stic tich
¢0 loi ich va twong quan cao (SCoHUAR). Khac voi cac
hudng tiép can trude day, bai bao dé xudt mot ham lgi ich
- tin cdy mai goi la cuconf va tich hop do do tuong quan
bond vao quy trinh khai thac, dong thoi st dung cac tap
muc dong va sinh loi ich cao dé bao dam tinh stic tich va
khong du thira cua céc luat dugce khai thac.

3. Cac khai niém va dinh nghia co sé

Phén nay trinh bay bai toan khai thac cac lut két hop
stc tich ¢6 1gi ich va twong quan cao trén cac co s¢ dir li¢u
giao dich dinh lugng. Dinh dang dir li¢u dau vao st dung
trong bai toan nay dugc xac dinh nhu sau.

Dinh nghia 1 (Co so dit liéu dinh lwong). Cho A¥
{a,J e ] ¥ {1,2,....M}} 1a tdp hiru han céc thudc tinh
riéng biét va ACA 1 tap con ciia A. Néu A chira k thudc
tinh, n6 dugc goi 1a mot k—1temset nghia 13, k= \A| Khéng
mat tinh tong quat, gia sir ring cac muc trong mdi tip muc
duoc sip xép theo mot thir tw toan phan < (vi du thir ty tir
dién). Vector loi ich P& (p(a) jelva p(a) >0) biéu dién
loi ich ngoai cua cac muc trong A, trong do p(a) thé hién
s quan trong tuong d6i ciia muc a,, ¢ ching han nhu loi ich
don vi, gi4, trong s6 hay céc thira sb khac. Mot g-item 1a
mot cap (a,q), trong do a la mot myc trong A va q 1a mot
s6 khong am thé hién sb lvong mua hay loi ich trong cta
a. Mot co s6 dit liéu dinh luong (QDB) D 14 tap tat ca cac
giao tic D= {T,ie 1= {1 2,....N}}, trong d6 mdi giao
tac T, T= {(a Q) €1} gdm tap cac g-items, dugc xac
dinh duy nhét boi TID (vi du, TID= i) va J. la tap con
cua J, J€J. Loi ich cua g-item (a,q), ky hiéu la u((a,q)),
dugc dinh nghia la u((a,q))&qxp(a). Bang 2 chi ra vi du
vé QDB va vector loi ich tuong tmg (bang 3).

Bang 2. Co s& dir liéu dinh lwong.

TID \ Item
T, 5 0 3 0 7 3
T, 0 o0 0 3 5 6
T, 0 5 0 2 6 3
T, 0 o0 0 2 4 7
T, 5 0 2 0 2 0
T, 0o 2 0 0 0 3
T, 0 o0 0 3 2 5
T, 0 o0 0 8 4 0
Bang 3. Vector loi ich.
a a b c d e f
p(aj) 4 6 4 3 2 3
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Dinh nghia 2 (Co sé dit liéu dinh heong tich hop). Dé tranh
tinh toan 1dp lai lgi ich u cua cic g-items (a;, q;;) trong cic
giao tac T; trong D, cac gi4 tri nay dugc tinh toan 1 1in va
duge luu trir trong QDB twong ng goi la D', D" & {T';, &
{(aj,qi;),j € i} Ji € ],i € I}, trong 46 qi; = q;; * p(a;)
néu (a;,q;5) € T; (nguoc lai, g;; = 0),Vi e l,j €. Khido,
D' duoc goi 1a mot QDB tich hop cua D.

Vi du minh hoa. Bang 2 va bang 3 lan luot biéu dién QDB
D va vector lgi nhuan P, trong khi Bang 4 minh hoa QDB
tich hop D’ thu dugc bang cach két hop D va P. QDB D' s&
dugc sir dung lam vi du minh hoa xuyén sudt bai bao.

Bang 4. Co s& dir liéu dinh lwong tich hop D".

TID \ Item

T, 20 0 12 0 14 9
T2 0 0 0 9 10 18
T3 0 30 0 6 12 9
T4 0 0 0 6 8 21
TS 20 0 8 0 4 0
T6 0 12 0 0 0 9
T7 0 0 0 9 4 15
T8 0 0 0 24 8 0

Dinh nghia 3 (Po hé tro ciia tdp muc). Cho bét ky tap muc
AcAA#D, dit p(A) = (T, e D' | q}; >0, Va;ed} la
tap cac giao dich trong D' chira A, va theo quy udc p(J) &
D'. D6 ho trg cua A, ky hiéu supp (4), dugce xac dinh 14 sb
lugng giao dich trong QDB D' chta A, nghia 1a supp(A4)
chinh 1 lyc lugng (cardinality) cta tap p(A). Luu ¥ ring ta
chi xét cac tap muc khac rong A va xuét hién it nhat mot 14n
trong D', nghiala A €IS & {AcA|A+0Ap(A) =T}

Vidul. Cho tap muc A =ac, iA ST, vaA C T,
ta c6 p(A) = {Ty, Ts} va supp(A) = 2.

Dinh nghia 4 (Loi ich cua tdgp muc trong mgt giao tac).
Loi ich cuia mot muc a; (j € /) trong giao tac T; € D' dugc ky
hiéu va dinh nghia 1a u(a;, T;) & q;;. Loi ich cua tap muc
A € IS trong T; chira A dugc dinh nghia nhu sau:

u(A,Ty) & Ya;eau(a;,Tp). )

Dinh nghia 5 (Loi ich cua tdp muc trong co so dir
ligu). Loi ich cua tap muc trong dugc dinh nghia la
u(4) € Yrepy u(4, T), )
trongdo A € IS vau(A) ER, ¥ {x e R|x > 0}.
Dinh nghia 6 (Loi ich giao tac va loi ich co so dir
lidu). Loi ich cua giao tac T; dugc xac dinh 1a tu(T;) &
aly>0 qi;. Khi d¢, loi ich tong cong TU ciia D' 1a tong loi
ich cua tit ca cic giao tac trong D', nghia 13, TU &
r;ep tu(Ty).

Vi du 2. Cho tdp muc A = ac, khi d6 p(A) = {Ty, Ts},
u(A,T;,) =20+12=32 va u(A,Ts) =20+ 8=28.
Khi d6, u(4) = u(4,T,) + u(4,Ts) = 32 + 28 = 60. Ta
cotu(Ty) =20+12+14+9=55vaTU = 297.

Dinh nghia 7 (Tap muc loi ich cao). Vi mot ngudng
loi ich tdi thiéu do ngudi ding chi dinh, ky hiéu 1a mu, mot
tap muc A dugc goi la tap muc 1oi ich cao (HUI) néu loi ich
cta n6 trong QDB D' khong nho hon ngudng nay, nghia la
u(A) = mu. Nguoc lai, néu u(4) < mu, thi A dugc xem la
tap muc loi ich thip (LUI). Muc tiéu ciia bai toan khai thac
tap muc loi ich cao (HUIM) 1a kham pha tap HUJ gdm tat
ca cac HUL duge xdc dinh cu thé nhu sau: HUJ &
{A €IS | u(4) = mu}.

Dinh nghia 8 (D¢ do twong quan bond [36]). D§ do
bond danh gia mirc d6 gén két giita cac muc trong mot tap
muc dua trén tan sudt ddng xudt hién cia ching trong co s&
dir ligu. Vi mot tdp muc A, gia tri bond cua A duoc dinh
nghia nhu sau:

supp(4)
dissup(A)’ (3)

trong do dissup(A) = {TE€D|ANT # @} | chi ra sb
giao tac trong D chua it nhat mot muc cua A.

bond(A) =

Do do bond cua tdp muc A thoa diéu kién: 0 <
bond(A) < 1. Gia trj bond cang 16n cho thay mirc d6 twong
quan gilra cac muc trong A cang manh, trong khi gia tri nho
phan anh su gin két yéu.

Dinh nghia 9 (Tdp muc loi ich va twong quan cao).
Ky higu mu 1a ngudng loi ich t6i thiéu do ngudi dung dt
ra va mb 1a ngudng bond t6i thidu. Mot tip muc A € A
dugc goi 1 tap muc loi ich va twong quan cao (CoHUI) néu
n6 dong thoi thoéa mén hai rang budc vé loi ich va tuong
quan, nghia 1a u(4) = mu va bond (A) = mb. Tép tit ca
cac CoHUI trong D’ dugc xac dinh nhu sau:

CoHUT = {A € IS | u(4) = mu A bond(A) = mb}. (4)
trong d6, 78 1a danh sach tit ca cac tip muc c6 thé trong
khong gian tim kiém. Dinh nghia nay bao dam ring cac mau
dugc phat hién khong chi ¢6 1oi ich cao ma con thé hién su
twong quan manh gitra cac muc, tr d6 nang cao kha nang
dién giai va gia tri tng dung trong thyc tién.

Vidu 3. Cho tap muc A = ce, ta c6 supp(4) = 2, va

dissup(A) =7. Do d6, bond(A) = % = % =

0.2857. Ngoai ra, u(4) = 38. Néumu = 30vamb = 0.2,
thi u(4) > mu and bond(A) > mb. Vi vay, A la mot
CoHUI.

Dinh nghia 10 (Lép twong dwong trén cdc tdp muc).
Dua trén dinh nghia cta toan tir p, quan hé tuong duong
trén céac tdp muc trong IS dugc ky hi¢u la ~ va dugc dinh
nghia nhu sau: VA,B €3S, A~ B © p(A) = p(B). Khi
do, 16p twong duong cua A 1a [A] € {B €IS | p(B) =
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Dinh nghia 11 (Tap muc loi ich cao déng). Mot HUI
A duge goi 13 tdp muc loi ich cao déng (CHUI) néu khong
tdn tai mot HUI nao khac 1a tap cha that sy cua A va c6 cung
d6 hd trg voi A. Tap day du tht ca cac CHUI dugce ky hiéu
va dinh nghia hinh thirc nhu sau:

CHUI = {A € HUT|AB € HUT:BD A A
supp(B) = supp(A)}. ®)

Dinh nghia 12 (Bao déng ciia tdp muc). Bao dong clia
mot tdp muc A, ky hiéu h(A), dugc dinh nghia 1a mét tap
muc C sao cho C 1a tap cha 16n nhét cta A va c6 do hd tro
bing do hd tro ciia A, nghia 1a supp(4) = supp(C). Néu
A la CHUI, thi A = h(A).

Dinh nghia 13 (Tdp muc sinh loi ich cao). Mot HUI A
duoc goi 1a tap sinh lgi ich cao (GHUT) néu khong ton tai
mot HUI nao khac 1a tap con that su cua A va co6 cung do
hd trg v6i A. Téap tht ca cac GHUI duoc ky hidu va duogc
dinh nghia nhu sau:

GHUI L {Ae HUI|AB € HUI:BC A A
supp(B) = supp(A)}. (6)
Cho bAt ky A € CHUI vaB € GHUI, B dugc goi la tap
muc sinh cia A néu B € A va supp(B) = supp(4). Ky
hiéu G(A) 1a tap tit ca cac GHUI cua A.
Dua trén dinh nghia cua 2 tap GHUT, CHUI va do do

bond, ta dat dugc hai tap CoGHUT va CoCHUT dugc
dinh nghia hinh thtrc nhu sau:

CoGHUI = {A € GHUI | bond(A) = mb}, and
CoCHUIT & {A € CHUT | bond(A) = mb}. (7)
Dinh nghia 14 (Loi ich cuc bg ciia mot muc [9]). Cho
bat ky muc a; va tdp muyc 4, lgi ich cuc bd cua a; trong A,
luv(a;, A), 1a tong loi ich cua a; trong céc giao tac chia 4,
cu thé:
luv(aj,A) def ZTL.ep(A) u(a;, Tp). ®)

Vidud. Xét tap muc A =ce. Ta c¢6 p(A) = {T,Ts},
u(e,Ty) = 14 va u(e, T,) = 4. Vi vay, luv(e, A) = 14 +
4 =18.

Dinh nghia 15 (Loi ich cuc bé ciia mét tdp muc [9]).
Cho bt ky 2 tap muc A va B sao cho A € B, lgi ich cuc bd
cua A trong B dugc dinh nghia nhu sau:

luv(A,B) & ZajeA luv(aj, B). 9)

Vi du 5. Xét hai tdp muc A = de va B = def. Khi do,
p(B) ={T,,T5,T4,,T,} va  luv(4,B) = luv(d,B) +
luv(e,B) = 30 + 34 = 64.

Dinh nghia 16 (D¢ tin cdy loi ich cia mot ludt [9]).
Véi hai tap muc khac réng A va B, trong d6 A, B € 7S va
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AN B = @, mot ludt két hop R c6 dang R: A — B, trong d6
A va B lan luot dugc goi 1a vé trai (antecedent) va vé phai
(consequent) cua luat. B9 tin cay - 1¢i ich cua R duoc ky
hiéu va dinh nghia nhu sau:

luv(A, AUB)

def
uconf(R) & )

(10)

Do tin cay-loi ich uconf (R) phan anh mirc d¢ dong gop loi
ich ciia cac muc trong A khi chung xuét hién cing véi B.

Vidy 6. Xétluat R:e - f. Taco, luv(e,ef) = 48 va
u(e) = 60. Do do, uconf (R) = g =0.8.

Luu ¥ ring, mic du ham tin cdy - loi ich uconf truyén
thdng phan anh mic do loi ich cua A trong cac giao tic ma
A cung xuét hién voi B, nhung nd chi cung cdp mot goc
nhin mot chiég: uconf chi xem xét dong gop loi ich cta A
ma bo qua phan lgi ich thuc su do B tao ra trong cac giao
tac d6. Trong nhidu tinh hudng thyc té, nhu danh gia goi san
pham hogc chién lugc ban kém, viée biét muc loi nhuan ma
B déng gop khi xudt hién cung véi A 1a thong tin quan trong
khong kém, tham chi quan trong hon. Han ché nay dan dén
nhu cau xday dung mot ham tin cdy - loi ich mdi goi la
cuconf, so sanh lgi ich cia B trong cac giao tac chira A U
B véi tong loi ich cua A. Nho do, cuconf cung cip cai nhin
1 rang hon vé hidu qua két hop gitra hai tp muc A va B.

Dinh nghia 17 (D¢ tin cdy - loi ich chéo cia lugt két
hop). Cho batky luat R: A — B, d6 tin cay-loi ich chéo cua
luat két hop R duogc ky hiéu va dinh nghia nhu sau:

luv(B, AUB)

def
cuconf (R) & o)

(11)

Do tin cay-loi ich chéo cuconf(R) do luong muic
doéng gop loi ich cua tdp muc B trong cac giao tac chira ca
A va B, va so sanh phan loi ich nay véi téng loi ich cua A.
Néu cuconf (R) cao, diéu d6 cho thiy rang khi A xuat hién,
viée bd sung B mang lai phan lgi ich dang ké, phan anh sy
gén két manh cta cip tap myc nay.

Khac voi uconf, vén chi xem xét dong gop loi ich cua 4,
do do cuconf truc tiép danh gia gia tri ma B tao ra trong
ngit canh cua luat, tir d6 cung cdp goc nhin ddy du hon vé
tinh hi€u qua cta cgdp tap muc A va B.

Xét bdi canh trong siéu thi v6i A 14 mi géi va B 1a xiic
xich. Khi phan tich dir liéu giao dich, gia st ring trong
nhiing giao tac chira ca mi goi va xuc xich, xuc xich tao ra
phin 16n doanh thu, trong khi mi géi chi dong gop mirc loi
nhudn nho. Khi d6, cuconf (A = B) sé€ cao va cho nha quan
1y biét rang: “Khi khdch mua mi g6i, ho thirong mua xic
xich va phan loi nhugn dang ké dén tir xiic xich”. Diéu nay
gitp doanh nghiép dua ra quyét dinh vé chién lugc ban kém,
dit ké hang, hodic goi combo dé téi da hoa loi nhuén.

Vidu 7. XétluatR:e — f trén co s¢ dit liéu minh hoa.
Ta c6 u(e) = 60. Trong cac giao tac chira dong thoi e va
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f, tong loi ich cua e 1a luv(e, ef) = 48 va tong loi ich cia
f la luv(f, ef) = 72. Do d6, uconf(R) = 48/60 = 0,8,
cuconf(R) = 72/60 = 1.2. Gia tri uconf(R) cho thiy
murc lgi ich cua e dugc duy tri trong cac giao tac ¢ chita ca
e va f. Trong khi 6, cuconf (R) > 1 phan anh rang f déng
g6p loi ich 16n hon tdng loi ich cua e, cho thiy viéc mo rong
tir e sang f mang lai hiéu qua manh hon nhiéu. Didu nay
minh hoa rd su khac biét trong géc nhin cta hai d do va
vai tro bd sung ctia cuconf khi danh gia cac luat két hop
theo loi ich.

Binh nghia 18 (Lugt két hop loi ich va twong quan

cao). Lut R: A - B dugc goi 1a mot luat két hop loi ich va
twong quan cao (CoOHUAR) néu R thoa nhitng didu kién
sau: u(A) = mu, u(A U B) = mu, bond(AU B) = mb va
cuconf (R) = muconf, trong d6 muconf la ngudng tin
céy - loi ich toi thiéu dugc dinh nghia bai nguoi dung. Tap
CoHUAR gdm tat ca cic COHUARSs dugce dinh nghia hinh
thire nhu sau:

COHUAR ={R: A- B|u(A) =mu, u(AUB) = mu,
bond(A U B) = mb A cuconf (R) = muconf}. (12)

Vi du 8. Xét co s¢ dir liéu minh hoa trong Bang 3 vé
cac ngudong mu = 30, mb = 0.2 va muconf = 0,6. V&
ludit Rie—>f, ta co u(e) =60, u(ef) =120, va
bond(ef) = g = 0.625. Ngoai ra, do tin cay-lgi ich chéo
cua lut 1a cuconf (R) = 1.2. Do do, luat thoa dong thoi
bon diéu kién: u(e) = mu, u(ef) = mu, bond(ef) = mb
va cuconf (R) = muconf. Vivay, R 1a mét CoOHUAR.

Dua trén cac dinh nghia vé CHUI, GHUI va d6 do
bond, bai bao nay gidi thiéu khai niém luat két hop suc tich
¢6 loi ich va trong quan cao (SCOHUAR), trong do6 vé trai
ctia mdi ludt 1a mot GHUI va hop cua vé tréi véi vé phai tao
thanh mot CHUI. Dinh nghia hinh thitc cia SCOHUAR
dugc trinh bay nhu sau.

Dinh nghia 19 (Ludt két hop sic tich ¢6 loi ich va
twong quan cao). Cho truéc mot COHUAR R: A - B, R
duoc goi 1a luat két hop stc tich ¢6 lgi ich va tuong quan
cao (SCOHUAR) néu A € CoGHUI va AU B € CoCHUI.
Tap SCoHUAR gdm tit ci cac SCOHUAR trong D’ duoc
dinh nghia hinh thirc nhu sau:

SCOHUAR = {R: A - B| R € COHUARNA €
CoGHUI A AU B € CoCHUT}. (13)

Phat biéu bai toan. Cho SDB D’ va ba ngudng duong
do ngudi dung chi dinh, gdm loi ich tdi thiéu (mu), do tin
cay-loi ich tdi thiéu (muconf), va mic twong quan bond
t6i thiéu (mb), muc tiéu cua bai toan dit ra trong bai bao
nay 14 kham phé tip SCoHUAR gdm tét ca cac SCOHUAR
co trong D'.

4. Khai thac cac luat két hop sic tich co Igi ich va
tuong quan cao

4.1. Qud trinh khai thic tong thé cic SCOHUAR

Muc nay trinh bay chi tiét quy trinh khai thac cua
phuong phép dugc dé xuit, dwoc minh hoa trong hinh 1.
Quy trinh tong thé gom hai giai doan. Giai doan thir nhat
ding dé kham pha hai tip CoCHUT va CoGHUT tir SDB
D', trong khi giai doan thir hai ding dé sinh tit ca cac
SCOHUAR tir hai tap nay. Giai doan thtr nhat bt dau bing
viée doc QDB D’ dé tinh cac gia tri bond va support cua cac
muc, ciig nhu téng loi ich cua cac giao dich (fu). Cac muc
c6 gia tri TWU thfip bi loai bé khoi D', va cac muc con lai
dugc sép xép theo thir tu tdng dan cua support. QDB D' sau
do dugc quét lai dé mdi giao dich dugc sép xép theo thir tur
support. Cau tric dir liéu IPUN-list, duoc cai tién tir
MPUN?-list trong [29], sau d6 dugc xay dung cho cac muc
con lai. Sau khi quét xong tit ca cac giao dich, cic IPUN-
list ctia cac 1-itemset dugc két hop dé hinh thanh cac 2-
itemset va IPUN-list twong (g cua ching. Tiép theo, cac
3-itemset dugc sinh ra bang cach sir dung IPUN-list ctia céc
2-itemset. Quy trinh tiép tuc dugc lap lai cho dén khi hai tap
CoCHUI va CoGHUT dugc xac dinh.

Luu ¥ rang, dé khai thac ddng thoi hai tap GHUT va
CHUJ trong giai doan 1, nghién ciru [17] di d& xuat thuat
toan FCGHUI-Miner. Bai bao nay ké thira va ap dung truc
tiép thuat toan d6 dé kham phé hai tap GH'UIT va CHUI. Vi
vay, céc két qua 1y thuyét lién quan dén viéc thiét ké cac
chién luoc loai bé cac tap muc co6 loi ich théip hodc cac tap
muc c6 loi ich cao nhung khong phai la mau dong va/hodc
mau sinh s& khong duoc trinh bay lai trong. Tuy nhién, do
bai béo con tich hop thém do do twong quan bond nhim
khai thac cac mau vira c6 loi ich cao vira c6 muic do twong
quan manh, ching t6i m& rong FCGHUI-Miner bang cach
tich hop tinh chit trong ménh d& 1 (lién quan dén do do

Phase 1: Khai thic 2 tip CoCHUT va CoGHUT
QTDBD’ (@) Dec
QTDB D'
v

(3) Poclai QTDB D' dé xdy dyng cdu
triie IPUN-List cho cac items.

v |

(2) Tinh céc gia trj bond va support ciia céc items, va
gid tri tu cia mdi giao tac. Loai bo tét ca cac items
Lkhéng trién vong cé gia tri TWU thép.

S el
ﬁ\ e | e e ]

Pa—
A ’I‘
(4) Phit trién cac mau théng qua e ————
viée két hop IPUN-List cila cic mau D
Riit gon khé: ian fim kiem béi
v (1) Tia toin bg nhénh Br(A) chia cée itemsets c6 gié tri bond thip

(2) Logi bé s6m cdc nhénh (Br(A) hodc pBr(4)) chita céc LUL.
(3) Loai b3 sém céc nhénh (Br(A) hoic pBr(4)) chba céc HUIs

(5)Xic dinh cic CoGHUI vi CoCHUI }
nhung khéng 1d miu déng vihodc mAu sinh.

trong sudt qua trinh khai thac
T
1
1
h 4

| Phase 2: Sinh ra ciac SCOHUARs tur hai tap CoCHUI va CoGHUT

Hinh 1. Qua trinh khai thac téng thé cac SCoHUAR.
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bond) vao qué trinh khai thac dé tim 2 tip CoCHUT va
CoGHUIJ. Thuat toan sau khi stra dbi dugce goi la
CoFCGHUI-Miner. Ménh dé 1 dugc phat biéu nhu sau:

Ménh dé 1. (Chién heoc tia dwa trén bond). Xét tap
muc A bét ky, néu gia tri bond cia A nho hon ngudng tdi
thiéu mb, nghia 1a bond(A) < mb, thi A va tit ca tap cha
cua A dugc goi la tuong quan yéu, va ¢6 thé duoc loai bé.

Mot thach thuc quan trong khi tich hop d§ do bond
vao thudt toan CoFCGHUI-Miner 1a chi phi tinh toan bond
cho cac tap muc trong sudt qua trinh khai thac thuong rat
16n. Dé giai quyét han ché nay, bai bao tich hop bit vector
(bv) vao céu trac dit lidu IPUN-list (dugc sir dung trong
thuat toan CoOFCGHUI-Miner) dé giam thoi gian tinh toan
gia tri bond cua cac tap muc. V§i sy mo rong nay, bit vector
trong cAu truc IPUN-list ctia mdi tap muc dugc tinh toan
nhu sau.

Cach xac dinh bv trong [PUN-List. Viéc tinh toan
gia tri bond cua tdp muc A phu thudc vao hai gia tri
supp(A) va dissup(A). Gia tri supp(A) duoc tinh toan
truc tiép tir cac thong tin ¢6 san trong IPUN-List. Tuy nhién,
dissup(A) thuong duoc tinh bang cach quét lai toan bd
QDB, mdt thao tac tén kém, dic biét ddi voi cac QDB 16n.
Dé khic phuc han ché nay, IPUN-List b6 sung thém truong
bv (bit vector). Mdi bit trong bv tuong Gmg vi mét giao
tac trong co so dit liéu: bit co gia tri 1 néu giao tac chira it
nhit mot muc thude A, va 0 néu ngugc lai. Dbi véi cac 1-
itemset (tap muc chi co 1 thudc tinh), bv dugc khoi tao truc
tiép trong 1dn quét QDB dau tién. Pbi véi cac k-itemsets
(k > 1), bv dugc cap nhat hi¢u qua trong qué trinh thuc
hién phép mé rong A bang cach thyc hién phép toan OR
trén cac bit vector cua hai tdp cha: bv(Pxy) =
bv(Px) OR bv(Py). Vi du, gia st bv(a) = 10011 va
bv(b) = 11101, ta c6 bv(ab) =11111. Khi do,
dissup(A) cua tap muc A dugc xac dinh nhu sau:
dissup(X) = |bv(A)|, tic 1a s6 lugng bit 1 trong bit vector.

4.2. Sinh ra nhanh caic SCoHUAR

Nhic lai ré’lng viéc sinh ra cic SCOHUAR dang R: A —
B, trong 46 A € CoGHUI va AU B € CoCHUT gitup dam
bao rang cac luat SCOHUAR dugc biéu dién ¢ dang ngén
gon nhét va khong du thira. Cac luat nay khong chi giam sb
lugng ludt dugce sinh ra ma con tang kha nang dién giai, bdi
mdi luat déu duge xem nhu dai dién cho mot 16p tuong
dwong cac luat co cung d6 hd trg. Diéu nay gitp cc nha
phén tich d& hiéu va (g dung cac ludt vao cac bai toan ra
quyét dinh dya trén dir liu.

Dé bao dam viéc sinh ra ddy du va khong tring lap tat
c cac luat trong tip SCOHUAR, bai bio dé xuat mot cach
tiép can dua trén phan hoach (partitioning) ctia khong gian
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luat. Phan hoach nay cho phép chia tdp SCOHUAR thanh
céc tap con rdi nhau, mdi tap con dugc dai dién boi mot cap
tap dong 10ng nhau. Y tuong cot 161 1a: dbi véi mdi tap muc
A € CoGHUT, ta chi cAn xem xét cac md rong AUB €
CoCHUT, va tir d6 sinh ra tit ca cac luat R: A > B thudc
16p twong ung. Vi cach sinh ludt nay, toan by khong gian
cta tdp SCoOHUAR duge chia thanh cac phan hoach doc
lap dua trén cic CoGHUI va CoCHUL Céch tiép can nay
khéng chi dam bao rang mdi luat dugc sinh ra dang mot lan
ma con gitip giam dang ké chi phi khai thac bang cach han
ché ving tim kiém cho m&i phan hoach. Phuong phap phén
hoach duoc trinh bay trong dinh ly sau.

binh 1y 1 (Phdn hoach tdp SCoHUAR).
SCoHUAR = ¥, 5) e ncnur SCOHUAR(L,S) , (14)

trong d6 NCHUI = {(L,S) |@ # L € SAL,S € CoCHUT}

va SCOHUAR(L, S) dugc xac dinh nhu sau:

a) SCOHUAR(L,S) = {R:Li— S\L; | L; € G(L) A
cuconf (R) = muconf},if L C S.

b) SCOHUAR(L, L)  ={R:L;—L\L; | L; € G(L) A
cuconf (R) = muconf},if L € G(L).

Tét ca céc luat trong tdp SCOHUAR dugc sinh ra déy du
va khong trung lap.

Chirng minh.
1) Céc ludt trong tip SCOHUAR duwoc sinh ra ddy di.

+ Ta s¢ Chung minh SCOHUAR S ¥, 5) e nchur
SCOHUAR(L, S). Lay tuy y R: A » B € SCOHUAR. Khi
d6 A € CoGHUI, A U B € CoCHUT va cuconf(R) =
muconf. Bat L = h(A4), S = h(A U B), trong d6 h(A) la
bao dong cua A. Vi AU B € CoCHUI nén S = AU B. Do
A € CoGHUT nén A € G(L). Suyra, p # LS S, S €
CoCHUI, nén (L, S) € NCHUI. Ta lai c6 S\A = (A U B)
\A=B.

NéuLc SthiR: A Bcodang L~ S\ L; véi L;= A
€ G(L), nén R € SCoHUAR(L, S) theo (a).

NéuL=SvaLegG(L)thiR:A— Bcodang L;~ L\
L;voi L= A € G(L), nén R € SCoOHUAR(L, L) theo (b).
Vay SCoOHUAR E Y(15) e ncnur SCOHUAR(L, S).

+ Chiéu ngugc lai 1a hién nhién tir dinh nghia cta
SCoHUAR(L, S).

2) Cac ludt trong SCOHUAR dwoc sinh khong triung
lap.

Gia s ton tai R:A— B sao cho R €
SCOHUAR(L1, S1) N SCOHUAR(Ly, S2), (Ly,S1) #
(L,,S2). Theo dinh nghia, vé trai ctia R 12 mdot GHUI cua
moi L, nén A € G(L1), A € G(Lz) h(A) = Ly = L,. Mat
khéc, vé phai ciia R lan lugt1a S; \ Ava S, \ A, nén S;\A =
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B = Sz\A = 51 =AUB = 52. Suy ra (Ll,Sl) = (Lz,Sz),
mau thuin véi gia thiét. Do do, néu (L1, S;) # (L, S) thi
SCOHUAR(L1, S1) N SCOHUAR(Ly, S2) = .

Tir (1) va (2), ta 6 cac luat SCOHUAR dugc sinh ra day du
va khong trung 1ap.

4.3. Ky thudgt téi wu héa
(a) Giam s6 lan kiém tra quan hé bao ham giita cdc tdp muc

Dé ting toc viéc kiém tra quan hé bao ham giita cic
tap muc khi 4p dung Pinh 1y 1 dé sinh ra cac SCOHUAR
trong tap SCoHUAR, bai bao ap dung ky thudt bam dyua
trén gia tri TWU. Mdi tdp muc A dugc gan mot khoa bam
TWU(A) = Yr,epca) tu(T:) (xem [17]). Néu hai tap myc
xuét hién trong cung tdp giao tac cia QDB thi ching c6
cung TWU. So véi viée dung supp(A4) lam khoa bam, sb
tdp muc co6 cung TWU thuong it hon dang ké, nén sb lan
tring khoa bam va sb 1an kiém tra quan hé bao ham ciing
duoc giam dang ké, gop phan cai thién hiéu qua tinh toan
ctia thuét toan M-SCoHUAR duoc d& xuét trong Muc 4.3

Vi du 9. Xét QDB tich hop trong Bang 4 va tdp muc
A = {b} v6i supp(4) = 2 va TWU(A) = 78. Két qua ch
théy c6 8 tap muc co6 cung do hd trg bing 2, trong khi ch
c6 2 tap muc co cung gia tri TWU béng 78. Su chénh lécl
nay cho thdy viéc st dung TWU lam khoa bam giup gian
dang ké s6 luong tp muc tring khoa so véi sir dung do hi
tro.

(b) Xac dinh nhanh tap G(L) va cuconf

Dua trén y tuong khoa bam theo TWU, sau khi khai
thac 2 tdp CoCHUI va CoGHUI stk dung thuat toan
CoCGHUI-Miner, véi mdi tdp myuc L € CoCHUT, ta xac
dinh (L, supp(L),u(L), TWU(L),
{luv(x, L)}xery, G(L)) va chén ban ghi nay vao bang bam
HT,1pseq VOi khoa 1a TWU(L). Truong luv(x, L) luu san
gia tri luv(x, L) = Yrepa)u(x, T;) cho timg muc x € L;
truong G(L) 1a danh sach cac CoGHUI c6 bao dong 1a L.
V6i mdi CoGHUI X € CoGHUI, ta truy cip danh sich
HT,psea[TWU (X)], xac dinh tap dong L sao cho X € L va
supp(X) = supp(L), va dua X vao G(L). Cha y ring, cac
thong tin supp, u va TWU ciia L va X dugc tinh san trong
thuat toan CoFCGHUI-Miner.

ban ghi

Nhé cach t6 chire nay, khi sinh mét lvat R:4 - B
voi A €G(L) va AUB =1L, gia tri luv(B,A U B) =
luv(B,L) =Y ,cp luv(b, L) dugc tinh rét nhanh bang cich
cong cac gia tri luv(b, L) da luu sin trong ban ghi cta L.
Do d6, cuconf(R)=luv(B,A U B)/u(4) dugc tinh
trong thoi gian tuyén tinh theo |B|, gitip toan bd qué trinh
sinh cac SCOHUAR theo Pinh 1y 1 dién ra higu qua.

4.4. Thudt todn dé xudt M-SCoHUAR

Dua vao phuong phap sinh cic SCOHUAR trong Dinh
Iy 1 va céc k¥ thudt t6i wu hoa trong Nhan xét 1, bai bao dé
xuét thuat toan M-SCoHUAR dé sinh ra nhanh tit ca c4c ludt
trong tdp SCOHUAR. Ma gia clia M-SCoHUAR dugc trinh

bay trong Hinh 2.

Thuat toan M-SCoHUAR hoat dong nhu sau. Trude
hét, thudt toan xay dung bang bam cac tdp myc dong co loi
ich va tuwong quan cao theo khoa TWU (L) (dong 1-6): v6i
mdi L € CoCHUI, ban ghi rec(L) = (L, supp(L),u(L),
TWU (L), {luv(x, L)}xery, G(L) := @) duogc tao ra va chén
vao trong HT,pseq [TWU(L)]. Tiép theo, dbi voi mbi tap
sinh A € CoGHUI, thuat toan tinh TWU (A), duyét cac ban
ghi trong HT,.pseq[TWU(A)] dé tim tap dong L thoa
h(A) = L (hay A € L va supp(4) = supp(L)); khi diéu
kién nay dugc thoa, A dugc thém vao danh sach G(L) (dong
7-15). Dua trén cdu tric ndy, thuat toan hinh thanh tap
NCHUI={(L,S) | @ # LS SAL,S € CoCHUI} theo Pinh
1y 1 (dong 16), trong d6 mdi cip (L, S) xac dinh mot phan
hoach con cua tip két qua SCoHUAR. Cudi cing, v6i mdi
(L, §) € NCHUI, thuat toan duy¢t tung L; € G(L), xac dinh
vé phai cta luat 1a B = S \ L;, sau d6 tinh nhanh luv(B, S)
= ¥ pep luv(b, S) nho cac gia tri luv(b, S) di luu sin trong
rec(S), va tinh cuconf(R) = luv(B, S)/u(L;); néu
cuconf(R) = muconf thi ludt R: L; » B dugc dua vao
tap SCoHUAR (dong 17-28). Nho viée két hop bam theo
TWU, énh xa truc tiép tir mdi tip dong L sang danh sach
céac tdp muc sinh trong G(L) va phan hoach NCHUI, thuat
toan M-SCoHUAR sinh day du va khong tring lap tat ca
cac SCoHUAR trong tdp SCoHUAR mot cach higu qua.

Vidu 10. Véi QDB cho trong Bang 4, mu = 30, mb
= 0.2 va muconf = 0,6, ta c6 CoCHUI = {e, f, ef, ace,
def, de, bf} va CoGHUI = {e, f, ef, a, ce, df, d, b}. Khi
a6, ta c6 tap két qua SCoHUAR gdm 9 ludt véi thong tin
chi tiét cho trong bang 3.

Bang 5. Danh sach cac luat két hop stc tich cé Igi ich
va twong quan cao.

THT ]1;':‘2:]3 u(A)  u(AUB) ?:L[JldB) Cuconf (R)
1 esf 60 120 0.625 12

2 esac 60 78 0.286 1.0

3 emdf 60 127 0.5 1.55

4 end 60 9 0.714 0.9

5 asce 40 78 0.286 0.95

6 ce—a 38 78 0.286 1.05

7 fode 8l 127 0.5 0.79

8  doef 54 i 0.5 1.796

9 doe 54 96 0.71 0.78
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D9 phtic tap cua thuit toan. Trong Muc IV.1, bai bao
chi ra ring qua trinh tong thé sinh cac SCOHUAR bao gom
hai giai doan. Giai doan thu nhit st dung thuat toan
CoFCGHUI-Miner, dugc cai tién tir FCGHUI-Miner [17]
théng qua viéc tich hop do do bond, dé khai thac hai tap
CoCHUI va CoGHUI. Giai doan thi hai tién hanh sinh
toan bo ciac SCoOHUAR tir hai tap két qua nay. Dya trén cac
quan sat thyc nghiém duoc thuc hién trén nhitng co s¢ dit
liéu 16n v&i ngudng mu, ms va mb nho, giai doan thir nhit
thuong tiéu tén thoi gian xtr 1y nhiéu hon déng ké so véi
giai doan thur hai. Do d9, trong bai bao nay, d¢ phuc tap thoi
gian trong truong hop xau nhat cua thuat toan CoOFCGHUI-
Miner dugc phan tich nhu mgt vi du minh hoa. Can luu v
rang do phirc tap tinh toan cia thuat toan chi yéu phu thudc
vao s6 lugng cac phép mé rong c6 thé xay ra. Goi M 1a sb
lugng cac muc trong tip A, va L = maximum(|t|: t € D}
biéu thi d6 dai giao dich 16n nhét trong co s6 di liéu D. Xét
tap muc A bat ky v6i chidu dai K = |A|, va dat a, =
lastitem(A) voi K <k <M. Thu tyc dé quy Find-
FCloGenHUI(4, mu, ms, mb, CoCHUI, CoGHUT) (hay
ngz'in gon Find-FCloGenHUI(A)) c6 thé sinh ra nhiéu nhét
E(k) & M — k céc tdp md rong (xem dong 15 cua Hinh 4
trong [17]). Tai mirc K (1 < K <L), goi C(K, k) va C(K)
1a d6 phtrc tap thoi gian cua Find-FCloGenHUI(A) dé xir 1y
twong mg mdt tip muc A va tat ca cac tap muc A voi |A| =
K. Goi HUS(K) la tap tat ca cac tap muc loi ich cao ¢6 chiéu
dai K, va quy u6c |HUS(0)| = 1. Khi do, sb lugng tip md
rong tdi da cua tat ca cac tap muc c6 do dai K la ME(K) &
Yk E(K) = w =0(M?). Do do, ta cb
CK,k) =E(k) +Ypr—ks1mCK+1,k") véi K=
1., L—1, C(K) = |HUS(K — 1)|*xTkek u C(K, k), va
cac diéu kién bién C(L, k) & 0, C(L) £ 0. Vi vay, ta dat
dwoc két qua C(L—1,k) =E(k)=M—k=0M —k)
va C(L—1)=|HUS(L —2)| x ME(L — 1) = |HUS(L —
2)| x w = |HUS(L — 2)| x O((M — L +

2)?). Tuong tu, C(L—2,k) =YW _ ey —

k)?) va C(L—2) = |HUS(L - 3)| X

(M—L+2)(M—L+3)(M-L+4)] _ _ _
- ]—IHUS(L | x 0((M - L +

2)%). Bing phuong phap quy nap, ta thu dugc dang tong
quat sau: C(K,k)=0((M—-Kk)!®) va cK)=
|[HUS(K — 1)| x O((M — L + 2)*7%+1). Cu thé, d6 phirc

tap thoi gian trong truong hop xdu nhat cta thi tuc Find-
FCloGenHUI 1a ¢(1) = O((M — L + 2)¥). Khi L = M,
C(1) = 2M — 1 = 0(2M), twong tng véi s6 lugng tat ca cac
tap con khac rdng cua tap A gdbm M thudc tinh. Tuy nhién,
khi céc didu kién cit tia s6m duoc kich hoat (xem cac dong
1 va 12 trong Hinh 4, cac dong 1-5 trong Hinh 5, va cac
dong 1-6 trong Hinh 6 trong [17]), toan by cac md rong
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Bang 6. Dac trwng cua cac co s& div liéu.

. Sbgiao oz, - Chicu d?i Ay 4n
Co 50 the So thude trung I?lnh Mat do
dir ligu (D) tinh (N) cuagiao  (T*100/N %)
tac (T)

Chess 3,196 75 37 49.33
Foodmart 4,141 1,559 4.42 0.28
Mushroom 8,124 119 23 19.33
Retail 88,162 16,470 10,30 0.06

C20D10K1 10,000 192 20 10.42

tién that sy cua A c¢6 thé duoc loai bo. Ngoai ra, khi tich
hop d6 do twong quan bond vao thudt toan, nhd tinh chat
don diéu giam ctia bond nhur da trinh bay trong Ménh dé 1,
néu diéu kién bond(A) < mb duoc thoa man, thi tap muc
A va tat ca cac mo rong tién ctia n6 déu co thé bi cat tia.
Khi do, sb luong i da cac tap muc bi loai bo 1a C(K, k) =
0(M = k)=).

Phan tich trén cho thdy ring, trong thu tuc Find-
FCloGenHUI (va thudt toan CoFCGHUI-Miner), cac diéu
kién cat tia duoc thoa man cang sém va cang thuong xuyén
thi s6 lugng cac tap (g vién bi loai bo cang 16n. Néi cach
khac, cac diéu kién cat tia gitp thu hep dang ké khong gian
tim kiém, tir 46 giam d6 phirc tap thoi gian thuc thi va ning
cao hiéu qua cua thuat toan CoOFCGHUI-Miner. Trén co so
d6, hiéu qua cua toan by qua trinh sinh caic SCoHUAR (bao
gbm ca thuat toan M-SCoHUAR) ciing duoc cai thién dang
ke.

9. Danh gia thuc nghiém

Muc nay danh gia hiéu qua cua phuong phap d& xuét
o0 voi cac thudt toan trude day dé khai thac cac luat két
hop suc tich ¢6 1gi ich cao. Cac thyc nghiém dugc thyc
hién trén may tinh chay hé diéu hanh Windows 10, v6i bo
vi xtr 1y Intel(R) Core(TM) i5-2400 va by nhé RAM 16
GB. Céc thuat toan dwoc xem xét dé so sanh g6m HGB
[9] vd LNR-HAR [12], va duoc cai dit bang ngdn ngit
Java 8 SE. Ma nguon cua thut toan HGB duoc 1y tir thu
vién SPMF [37], trong khi chung t6i cai dat thuat toan
LNR-HAR dua trén phuong phap dugc mo ta trong [12].
Cac bo dir liéu thuc dugc léy tu [37] va cac bo dir liéu
tong hop dugc sinh bang cong cu tao dir liéu IBM Quest
(ly tir [37]), cho phép kiém soat nhiéu tham sé nhu do
dai giao tac trung binh (T), kich thudc trung binh cua tép
muc phé bién tbi dai (I), s6 lvong muc khac nhau (N), va
s luong giao tac (D) trong QDB. Pic trung ciia cac QDB
duogc trinh bay trong Bang 6.
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M-SCoHUAR(CoCHUT, CoGHUIT, mu, mb, muconf)
BPau vao: CoCHUT, CoGHUJ duge kham pha boi thuat
toan CoFCGHUI-Miner, cac ngudng mu, mb, muconf.
Pau ra: tip SCOHUAR gdm tit ca cac SCOHUAR.
//Xay dung bang bam cac tap dong theo TWU
. SCOHUAR:=Q;
. Khéi tao bang bam rdng HTjpseq; // khoa: TWU(L)
. for each tap dong L € CoCHUI do {
Tao ban ghi rec(L) = (L, supp(L), u(L), TWU(L),
{luv(x, L)} rery, G(L) = O);
Chén rec(L) vao HT jp5eq[TWU (L)];
}
// Gan mdi CoGHUI A véi tap déng L = h(A) thong
//qua TWU hashing
7. for each tap sinh A € CoGHUI do {
8. t:=TWU(A);
9. for each rec(L) trong HT jos04[t] do {
10. if h(A) = L then {

N

AN

11. Thém A vao G(L);
12. break;

13. }

14. }

15.}

16. Xéc dinh tap NCHUI = {(L,S) | @ # L
CSALS € CoCHUT} dua vao HTjpseq;
17. for each (L, S) € NCHUI do {
18. foreachL; € G(L)do{ //L;laCoGHUI cuaL
19. B :=S\L;; //vé phai duy nhét theo phan hoach
// Tinh nhanh cuconf (R) nho luv(b, S)
20. luvB := 0;
21. for each b € B do luvB := luvB + luv(b,S);
22. cuconf = luvB [ u(Ly);

23. if cuconf > muconf then {
24, R:=(L; » B),

25. Thém R vao SCoOHUAR,;
26. }

27}

28. }

29. return SCOHUAR,

Hinh 2. Thuat toan M-SCoHUAR.

5.1. So sanh kich thudc ciia hai tgp CoCHUI va
CoGHUI véi hai tgp CHUI va GHUI

Dé danh gia tic dong ciia viée dp dung do do tuong
quan bond dén s6 lugng cac tap muc déng va sinh c6 loi
ich cao, trong thuc nghiém nay, chung t6i tién hanh so
sanh kich thudc cua hai tdp CHUI va GHUI véi hai tap
CoCHUI va CoGHUI duéi cac ngudng loi ich t6i thiéu
khéc nhau.

Nhéc lai ring, viéc khai thac hai tip CHUI va GHUI
duogc thuc hién bé“lng thudt toan FCGHUI-Miner trong
[17], trong khi hai tdp CoCHUI va CoGHUI dugc khai
thac bang thuat toan CoFCGHUI-Miner, 1a phién ban
duoc diéu chinh tr FCGHUI-Miner théng qua viéc tich
hop d9 do bond. Két qua thyc nghiém dugc minh hoa
trong Hinh 3.

Dua trén két qua thuc nghiém trong hinh 3, ta ¢6 thé
nhan thay ring khi ngudng loi ich tdi thiéu giam, kich
thude cua cac tap CHUI, CHUI, CoCHUI va CoGHUI
déu ting mot cach nhit quan, phan anh dic diém phd bién
clia céc thudt toan khai thac mau loi ich cao.

Tuy nhién, tai moi mirc ngudng 191 ich, kich thude clia
hai tap CoCHUI va CoGHUI luén nhé hon dang ké so véi
cac tap CHUI va GHUI tuong tmg, qua d6 cho thiy tac
dong 1o rét cua viée tich hgp d6 do twong quan bond vao
qua trinh khai thac. Cu thé, d6 do bond d loai bo hiéu qua
cac tap muc mic du c6 1¢i ich cao nhung c6 murc do twong
quan yéu, dan dén sy giam dang ké s lvong mau dwoc
sinh ra. Nhimg két qua nay khang dinh rang d6 do bond
khong chi dong vai trd nhu mot rang bude twong quan bd
sung, ma con hoat dong nhu mot co ché loc manh, gitp
thu gon khong gian két qua, nang cao tinh c6 dong va cai
thién kha niang dién giai ciia cac mau lgi ich cao dwoc
khai thac.

5.2. So sdnh s6 ludt dwoc khai thac khi st dung
uconfva cuconf

Trong thuc nghiém nay, bai bao so sanh $6 lugng luat
duogc sinh ra trén cac QDB khi sur dung cac ham tin cay -
loi ich uconf va cuconf két hop voi cac gia tri ngudng
bond khac nhau. Cy thé, #NHUAR-bond-0,0 biéu thi s
luat dugc khai thac khi str dung ham tin cay - lgi ich uconf
dugc trinh bay trong Dinh nghia 16 va dé xuat trong [9],
voi gia tri mb = 0. Trong khi d6, #SCoHUAR-bond-0,0,
#SCoHUAR-bond-0,2 va #SCoHUAR-bond-0,4 1an luot
1a sb luat dwoc sinh ra khi sir dung ham tin cdy - lgi ich
mai cuconf dugc trinh bay trong Dinh nghia 17, twong
ung voi cac gia tri ngudng mb =0, mb=0,2 vamb =0,4.

Dua trén cac két qua thyuc nghiém dugc trinh bay
trong Hinh 4, ta c6 thé quan sat thay rang khi mb = 0, s6
lugng luat #SCoHUAR-bond-0.0 thu duoc khi st dung
ham tin cdy - loi ich cuconf khac biét rd rang so voi
#NHUAR-bond-0.0 st dung uconf. Cu thé, tuy thudc
vao dic trung cua timg co so dit liéu, cuconf co thé sinh
ra nhidu luat hon hodc it luat hon so véi uconf. Hién
twong nay phan anh sy khac biét vé ban cht trong cach
hai @6 do danh gia mirc d¢ tin cdy - loi ich cua luat, trong
d6 cuconf nhan manh hon vao dong gop loi ich twong dbi
cta vé phai, tir d6 co thé 1am ndi bt cac luat ma uconf
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chua phan anh diy du. Khi ngudng bond ting lén mb =
0,2 va mb = 0,4, s luong ludt twong (mg (#SCoHUAR-
bond-0,2 va #SCoHUAR-bond-0,4) giam manh so vdi ca
#SCoHUAR-bond-0,0 va #NHUAR-bond-0,0. Xu hudng
nay cho thdy do do bond dong vai trd nhu mot rang budc
tuong quan hiéu qua, gitp loai bo cac luat tuy c6 loi ich
cao nhung murc do lién két giita cac thudc tinh trong luat
con yéu. bac biét, voi mb = 0.4, tap luat thu dugc 1a gon
nhét, chi gii lai cac luat vira théa man tidu chi loi ich va
tin cdy cao, vira c6 tuong quan chat ché, qua do nang cao
d4ng ké tinh c6 dong va kha nang dién giai cua tap ludt
duoc khai thac.
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Hinh 4. So sanh s6 luat dwoc sinh ra khi stv dung cac
ham tin cay - lgii ich uconf va cuconf.

5.3. Pdnh gid higu qud ciia thudt todn dé xudt

Trong muc niy, bai bao tién hanh so sanh hiéu qua
cua thuat toan dé xuit M-SCoHUAR véi cac thuat toan
trude day dya trén hai ti€u chi chinh 1a thoi gian chay va
muc st dung bo nhé cuc dai. Theo hiéu biét cua chiing to1,
cho dén nay hai thuat toan tiéu biéu duge sir dung dé khai
thac cac luat két hop loi ich cao khong du thira 1a HGB
[9] va LNR-HAR [12], déu dya trén ham d tin cay - loi
ich uconf dugc dinh nghia trong dinh nghia 16. Tuy nhién,
nhu da chi ra trong cac thuc nghiém cua [12], thuat toan
LNR-HAR cho thay hiéu qua vuot troi hon HGB ca vé
thoi gian thyc thi 1an muc tiéu thy by nhd. Do do, trong
bai bao nay, chiing toi chi tién hanh so sanh thuat toan dé
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Hinh 3. So sanh kich thwéc cia CHUI va GHUI vé&i
CoCHUI va CoGHUI.

xuit M-SCoHUAR véi LNR-HAR. Dé bao dam tinh cong
bang, hai thuat toan dugc so sanh trong cung diéu kién voi
ngudng mb=0. Sau d6, nham d4nh gia tic dong ciia tham
s6 mb dén hiéu qua cua thuat toan dé xuit, M-SCoHUAR
tiép tuc duogc thuc thi voi ngudng mb=0,2 trén cac co so

dir liéu da str dung trong thuc nghiém.
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Dua trén cac két qua thuc nghiém dugc trinh bay
trong hinh 5 va hinh 6, ta c6 thé dua ra cac nhan xét va
thao luan chi tiét hon vé hiéu qua cua thuat toan dé xuét
M-SCoHUAR so v6i LNR-HAR, ciing nhu tic dong cua
tham s6 bond dén thoi gian chay va mic sir dung bo nhé.

Trude hét, vé thoi gian chay, cic do thi cho thiy
M-SCoHUAR-bond-0,0 luon dat thoi gian thyc thi thap
hon so véi LNR-HAR-bond-0,0 trén tat ca cac QDB duoc
khao sat. Sy khac biét nay xut phat chi yéu tir cach tiép
can cua cac thuat toan. Cu thé, LNR-HAR duoc xay dung
dua trén phuong phap xay dung va duy¢t dan (lattice) cac
mau loi ich cao, trong d6 cac mdi quan hé bao ham gitra
cac tap muc phai dwoc kiém tra thudng xuyén khi xay
dung dan. Céch tiép can dua trén dan nay lam phat sinh
chi phi tinh toan 16n, dic biét khi sb lwong cac mau loi ich
cao tang nhanh, din dén thoi gian thyc thi kéo dai. Nguoc
lai, M-SCoHUAR ép dung chién lugc phan hoach dé chia
khong gian két qua thanh cac 16p roi nhau, nhy do tranh
dwoc viée sinh tring lap ciing nhu giam dang ké chi phi
kiém tra tring lap giita cac tip CoCHUI va CoGHUL Bén
canh d6, thuat toan con khai thac cac cdu trac dit liéu hiéu
qua va cac ky thuat toi wu da néu trong Nhan xét 1, trong
d6 cac mau duge huu trir trong bang bim véi khoa bam
la gia tri TWU, gitip han ché manh viéc kiém tra quan hé
bao ham giita cac mau. Viéc sir dung cau tric bit vector
dé tinh toan nhanh gia tri hond ciing gop phan lam giam
dang ké chi phi xir Iy.

Tiép theo, khi so sanh M-SCoHUAR-bond-0.2 véi
M-SCoHUAR-bond-0,0, ta co thé thdy rang, thoi gian
chay cta thuat toan véi mb=0,2 luén nho hon so véi
truong hop mb=0,0. Diéu nay cho thdy tac dong tich cuc
cua ngudng bond dén hiéu qua cua thuat toan: khi gid tri
bond tang, cac rang budc twong quan tré nén chat ché
hon, cho phép loai bé sém nhiéu mau v luat c6 mirc do
lién két yéu. Hé qua 1a khong gian tim kiém dugc thu hep
dang ké, s lvong mau trung gian can xtr Iy giam, dan dén
thoi gian thuc thi ngén hon. Nguoc lai, vai mb=0,0, viéc
khong ap dat rang budc twong quan khién thuat toan phai

xir Iy nhiéu mau hon, 1am gia ting chi phi tinh toan.

Cubi cung, vé& mitc st dung bd nhd, cac két qua trong
Hinh 6 cho thdy LNR-HAR thudng tiéu thu bo nhé 16n
hon so voi M-SCoHUAR. Nguyén nhan chinh la do
phuong phéap dua trén dan cuia LNR-HAR doi hoi phai

luu trir mot s6 lwgng 16n cac mau lgi ich cao. Trong khi
d6, M-SCoHUAR nhé co ché phan hoach, t6 chirc mau
bang bang bam theo TWU va céc céu trac dir liéu gon
nhe, d4 kiém soat tot bo nh¢ sir dung ngay ca khi tich hop
thém do6 do bond.

Tém lai, cic két qua thuc nghiém cho thiy
M-SCoHUAR khong chi vuot trdi hon LNR-HAR vé thoi
gian chay va muc st dung bo nhd, ma con co uu diém o
rét tir viéc tich hop tham sb bond, qua d6 nang cao kha
nang mé rong, hiéu qua tinh toan va tinh thyc tién trong
khai thac cac luat két hop suc tich co loi ich va twong

quan cao.
6. Két luan va cong viéc tuong lai

Bai bao nay nghién ciru bai toan khai thac cac luat két
hop stc tich, c6 loi ich cao va twong quan manh, nhim
khic phyc tinh trang du thira ciing nhu han ché vé kha
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Hinh 5. So sanh th&i gian chay cua cac thuat toan.
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Hinh 6. So sanh mirc str dung bdé nhé cua cac thuat
toan.

M LNR-HAR-bond-0,0

nang din giai cta cac luat loi ich cao truyén théng, dong
thoi cho phép danh gia toan dién hon ca khia canh 1¢i ich
va mirc d¢ lién két giita cac thanh phan trong ludt. Trén
co s6 do, thuét toan M-SCoHUAR dugc dé xuét dé khai
thac hi¢u qua tat ca cac SCOHUAR sir dung ham tin cdy
- lgi ich méi két hop voi do do twong quan bond. Ngoai
ra, thuat toan M-SCoHUAR ép dung phuong phap phan
hoach khéng gian ciia tip cic SCOHUAR va cdu tric dir

liéu hiéu qua duya trén bang bam theo TWU, cling nhu cac

126 | Tap 2025 * S5 2 * Thang 12

k¥ thuat t6i vu nham giam chi phi kiém tra trung lap va
quan hé bao ham giita céc tap muc. Két qua thuc nghiém
trén cac QDB cho thiy viéc tich hop do do bond c6 tac
dong rd rét trong vigc kiém soat kich thude tap mau va
tap ludt, qua do loai bo hi€u qua cac ludt co mirc d tuong
quan yéu. So voi thudt toan tiéu biéu truéc diy LNR-
HAR, thuat toan dé xuit M-SCoHUAR dat hiéu qua vuot
troi vé thoi gian chay va muc st dung b nhd. Nhitng két
qua nay khing dinh tinh hi¢u qua va kha ning mo rong
ctia phuong phap dé xuét trong khai thac cac SCOHUAR.

Trong twong lai, huéng nghién ctru c6 thé duge mé
rong sang cac do do twong quan khac, cac dang co so dir
liéu phirc tap hon nhur dir liéu chudi hodc dir liéu lu(“)ng,
ciing nhur tich hop céc co ché giai thich (XAI) nhim nang
cao hon nita kha ning umg dung thuc tién ctia cac luat
duoc khai thac.

L01 CAM ON

Nghién ctru nay duoc tai trg bdi Truong Pai hoc ba
Lat, Viét Nam theo Quyét dinh sb 198/QD-DHPL ngay
06/03/2025.
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