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The data mining process can reveal sensitive information about
individuals or organizations thereby violating their privacy. The main
purpose of the field of privacy preserving data mining is to develop
various techniques to find valuable knowledge or information while
still keeping sensitive data and private information for the owners. Up
to now, there have been many solutions proposed, however these
solutions either have low efficiency or do not ensure privacy. This
article builds a privacy preserving Naive Bayes classifier solution in a
multi-member classifier for horizontally partitioned data scenario based
on the application of the secure sum protocol. The proposed protocol is
assessed as good privacy, accuracy and efficiency in comparison to
contemporary solutions. To confirm the effectiveness of the proposed
solution, in the experimental part, the author used the python
programming language to visualize the results. The author specifically,
build a privacy preserving Naive Bayes classifier solution for the spam
message detection model. Experimental results show that the proposed
solution has good applicability in practice.
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M0 hinh ban trung thuc

Qué trinh khai pha dir liéu c6 thé tiét 16 thong tin nhay cam vé cac ca
nhan hoic t6 chirc vi thé xam pham quyén riéng tu cia ho. Muc dich
chinh cuta linh vyc khai pha dir liéu dam bao tinh riéng tu 1a xay dung
cac k¥ thuat khac nhau nham tim kiém ra céc tri thirc hodc thong tin cd
gia trj trong khi dit liéu va thong tin nhay cam van dugc giit riéng boi
cac chu s¢ hiru. Tinh dén nay da c6 nhiéu giai phap duoc dé xuét, tuy
nhién cac giai phap nay c6 hiéu niang thip hoic chua dam bao dugce tinh
riéng tu. Bai bao nay xay dung giai phap phéan 16p dix liéu Naive Bayes
dam bao tinh riéng tu trong kich ban di liéu phan tan ngang nhiéu
thanh vién trén co sé tng dung giao thirc tinh Téng bao mat. Giao thirc
d& xuit dugc danh gia tinh riéng tu, tinh chinh xac va hiéu qua tét so
V6i cac giai phap hién tai. Dé khang dinh tinh hiéu qua cua giai phap dé
Xuét, phan thuc nghiém tac gia sir dung ngdn ngit lap trinh python dé
truc quan hoa két qua. Cu thé 1a xay dung giai phap phan 16p dir liu
Naive Bayes dam bao tinh riéng tw cho mé hinh phat hign tin nhén rac,
két qua thuc nghiém cho thay giai phap dwoc dé xuat c6 kha ning tng
dung tt vao thuc té.
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1. Gi6i thiéu

Gan day, sy phat trién manh mé ciia cac hé thong thong tin cling nhu cac ing dung mdy tinh
da tao ra mot luong dir liéu 16n. Dya trén dir liéu nay, cac t6 chue hodc ca nhan co thé xay dung
nén cac md hinh hoc may thong minh hd tro giai quyét cac van dé phic tap dang gap phai. Tuy
nhién, trong nhiéu truong hop, dit lidu chira cac thong tin riéng tu hodc nhay cam (vi du: thu nhap
cua khach hang, quan diém chinh tri, bénh tinh cta bénh nhan.. J) khién cho qua trinh tao ra mo
hinh hoc may ddi mat véi khong it kho khan. Do d6, linh vuc hoc may dam bdo tinh riéng tu da
ra doi tir dau nhitg nam 2000 va thu hut dugc nhiéu sy quan tim cta cong dong nghién ciru [1] -
[4]. Muc tiéu cuta linh vyc nghién ctru nay 1a cho phép xay dung cac md hinh hoc may trong khi
nhirng thong tin riéng tu, nhay cam ton tai trong dir licu van duoc bao vé an toan theo mot trong
hai m6 hinh ban trung thuc va doc hai (semi-honest, malicious models) [5]. Chinh vi vay, ba dac
trung quan trong ciia mot giai phap hoc may dam bao tinh riéng tu la: tinh chinh xac, tinh riéng
tu, va tinh hi¢u qua.

Tinh dén nay, cac giai phap hoc may dam bao tinh riéng tu da dugc dé xuat cho ca mé hinh di
lidu tap trung va phan tan (phan tan ngang, phan tan doc, va phan tan tiy y). Bén canh do6, dé xiy
dung nén mot ky thuat hoc may dam bao tinh riéng tu, cic nha nghién ctru tiép cin theo ba
hudng: ngiu nhién hoa, mat ma hoc, va lai hoa. Mdi hudng tiép can & day déu c6 nhimg wu diém
va nhuge diém, cu thé nhu sau:

Véi cac giai phap theo hudng tiép can ngdu nhién hoa, ching co thé ap dung cho tit ca cac mod
hinh dit liéu va c6 hiéu qua cao. Tuy nhién, do dir liéu gdc da dugc bién d6i nén nhimg giai phap
nay phai danh dbi giira tinh riéng tu va do chinh xac ciia mé hinh hoc may. Tiép theo 1a céc giai
phap dua trén cac ki thuat mat ma, cu thé 1a céac giao thirc tinh toan bao mat nhiéu thanh vién, su
riéng tur ctia dit liéu c6 thé duoc bao vé nho cic hé mi hoa an toan, nhung chi phi tinh toan ctia nhimmg
giai phap nay tuong ddi 16n. Bén canh d6 cac giai phap lai hoa ca hai hudng tiép can trén, mot
tham sb thuong duoc sir dung dé cin bang giira tinh riéng tu va tinh chinh xac [6].

Trong ndi dung nay, bai bao xay dung giai phap phéan 16p dir liéu Naive Bayes ¢6 dam bao tinh
riéng tu trong kich ban dit liéu phan tan ngang, trong d6 mdi bén sé hitu dit liéu U; (i = 1,n) ndm giit
mdt s6 ban ghi nhur duoc mo ta trong Bang 1 va md hinh phan 16p dugc mo ta trong Hinh 1.

6 hinh pha

I&p Naive
Bayes

Hinh 1. Vi du vé mé hinh dit liéu phén tin ngang
Bang 1. Vi du vé bang dit liéu phén tan ngang

L. crs Tinh A Hang
Thoi Lich sir tin dung Muc dich vay (510'1 Tudi trang nha Ngl.]Ae tin
han tinh p nghiép dung

Mua thiét bi am - A 5 . A
thanh/ hinh anh Ni&r  18-35 Nhariéng Hanh chinh “Tot

24  DPang vay cua NH khac Kinh doanh Nam 18-35 Nhariéng Hanhchinh “Tét”

6 Dang vay cua NH khac

U,

42 Khong co Kinh doanh Nam 18-35 Nhariéng Hanhchinh “Tét”
. 1o .. Muathiét bi am N . gk o
18  Dung han t6i hién tai thanh/ hinh anh Nam 18-35 Nhariéng Hanh chinh “Xau
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L. crs Tinh A Hang
Thoi Lich sir tin dung Muc dich vay (%10’1 Tubi trang nha Ngke tin
han : : : tinh b nghiép
: o i dung
6 Pang vay ciia NH khac Mua xe mdi Nir 36-45 Nhariéng Phothong “Tot”
18 No qua han Stra chlta nha cta  Nam 36-45 Nhariéng Pho thong “Tot”
18  Dung han t6i hién tai Mua noi that N 18-35 Nhathué Hanh chinh “Tot”
, i via. .. Muathiét bi am . . PRI
24  Dung han t61 hién tai thanh/ hinh anh Nam 18-35 Nhariéng Hanh chinh “Xau

4 Pung han téi hién tai Mua ndi that Nit  18-35 Nhathué Phdthéng “T6t”
24  Duing han t6i hién tai Mua xe moi Nam 18-35 Nhariéng Hanh chinh “Tét”
36  Dang vay cia NH khic mgﬁﬁ}l}lﬁ;ﬁlaﬁ Nam 36-45 Nhariéng Hanhchinh “Tét”
12 Pangvay cia NH khac ~ Mua ndi that Nam 46-60 Nhariéng Hanh chinh “Xau”
10  Dung han t6i hién tai Pao tao lai Nt 36-45 Nhariéng Hanh chinh “Tét”
24  Pung han t6i hién tai Mua ndi that Nit  18-35 Nhathué Phothéng “Xau”
12 Pangvay cia NH khac ~ Mua ndi thit Nit  36-45 Nhathué Hanhchinh “Tét”

Un

Hién tai, d3 c6 nhiéu nghién ctru lién quan toi giai phap phan 16p dir liéu Naive Bayes dam
bao tinh riéng tu trong kich ban dir lidu phan tan ngang dugc cong bd boi cac nha khoa hoc trén
thé gioi.

Niam 2003, Kantarcioglu va cong su di dé xuit b phan 16p Naive Bayes c6 dam bao tinh
riéng tu lan dau tién [7] dua trén giao thirc tong bao mat don gian [8], [9]. Tuy nhién, do giao
thire nay khong dam bao an toan trong truong hop mdi cip thanh vién thir (i + 1) va (i — 1)
thong ddng nén giai phap dé xuat cua Kantarcioglu va cong sy khong thé bao vé duge dit liéu
riéng tu ctia mdi thanh vién.

Sau d6, dya trén hé ma hoa dong ciu ElGamal, Yang va cong sy [10] ciing dé xuat phuong
thirc phan 16p Naive Bayes dam bao tinh riéng tu cho mé hinh dit liéu phéan tan day di - mot
truong hop dac biét cia mo hinh phan tan ngang. Do sy an toan cia hé mat ElGamal nén giai
phap ciia Yang c6 thé bao vé dit lidu riéng tu cia mdi thanh vién. Tuy nhién, bén xay dung mo
hinh phéan 16p va cac thanh vién can phai thuc hién giao thirc khai pha tan suat nhiéu lan khién
cho b phan 16p Naive Bayes trong [10] ¢6 hiéu qua thap.

Dua trén giao thurc téng hop dit liéu dam bao tinh riéng tu v6i cong cu lam nhiéu dir liéu géc,
Huai va cong sy da mo ta giai phap phan 16p dir liéu Naive Bayes dam bdo tinh riéng tu trong
nghién ctru [11]. Bén canh do, giai phap nay con sir dung mot thuc thé tin cay dé sinh cac tham
s6 bi mat can thiét. Két qua, giai phap ctia Huai va cong su phai danh ddi gitra sy riéng tu cua dit
liéu nguoi dung voi muc do chinh xac cia mo hinh phan lop.

Gan day, P. Li cing cong su [12] va T. Li ciing cong sy [13] da dé xudt hai giai phap phan 16p
Naive Bayes dam bdo tinh riéng tu dua trén cac hé ma hoa cong khai DD-PKE va Paillier cung
v6i k¥ thuat 1am nhiu [6]. Hai giai phap dé xuat nay vira c6 chi phi tinh toan 16n, vira phai danh
doi giita tinh riéng tu cta dir liéu nguoi ding véi mie do chinh xac ciia mé hinh phén 16p.

Nhu vy, cac giai phap phén 16p Naive Bayes dam béo tinh riéng tu cho mo6 hinh dir liéu phén
tan ngang & trén con ton tai nhidu han ché. Tiép theo, bai bao dé xuit mdt giai phap phan 16p
Naive Bayes dam bao tinh riéng tu tong quat cho phép cac nha phat trién mg dung c6 thé tiy
chon cac tham sO pht hop véi cac yéu cau thyc té vé dam bao tinh riéng tu va hiéu qua cho timg
bai toan thy té.

2. Phuong phap nghién ciru
2.1. Bai todan phén lop Naive Bayes trong mé hinh div li¢gu phdn tan ngang co rang buéc tinh
riéng tw

Trong bai toan phan 16p Naive Bayes trong m6 hinh dit liéu phan tan ngang, gia st ¢6 [ bén s&
hiru dit liéu {Uy, ..., U}, trong do:
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e M3i U; s hitu mot sé ban ghi di dwoc gén nhan c6 dang (ucyy, ..., Ugm), T) VO
(U(1), -+ Ugmy) 12 gid tri ddc trung cua m thuge tinh doc 1ap {4, ..., Ay} va 7 1a mot nhan thudce
tap cac nhan {L, ..., L, }.

e Mbi thudc tinh doc lap A (j = 1, m) bao gom 7j gia tri ddc trung {a}, ..., a;j}. Vi du: thudc
tinh “Tuéi’ bao gém ba loai gia tri ‘18-40°, ‘41-60°, > 60°.

Dé dy doan nhan cta ban ghi méi {xy, ..., x,,} 1a nhan Ly nao trong s6 cac nhan {Ly, ..., L,.} st
dung bd phan 16p Naive Bayes duoc xay dung dua trén toan bo ban ghi (ky hiéu 1a n) cua I bén
so hitu dir liéu & trén, [ bén s hiru dir liéu cung nhau hop tac d€ thuc hién tinh toan theo cong
thac sau day:

y = L U TPl kD) (1)
trong do:

e pl[k] biéu dién x4c suét ciia nhin L va p[j, k] biéu dién xéac suat c6 diéu kién cua timg gia
tri trong thuge tinh x; (j = 1,m) biétnhan Ly, (k = 1,7).

e y la chi s6 ctia nhan L;, dugc md hinh phan 16p Naive Bayes du doan cho ban ghi méi, duoc
hiéu 12 mot trong céc gid tri tir 1, ..., 7 ma gié trj cha ham p[k] [T}, p[j, k] dat gia tri lon nhat.

Pé thuan tién khi 1am viéc Vi cac gia tri xac suat nho, cong thic trén dugc bién doi thanh:

, oy = T (ogplk] + EJLy logpl), kD) (2)

Néu ky hi¢u n[k] 1a so ban ghi c6 nhan L, (k = 1,7) van[j, k] 1a s6 ban ghi c6 thudc tinh thir
jlax; (j = 1,m) dong thoi c6 nhan 1a Ly, (k = 1,7), ta co:

n[k  k
plk] = 2 vaplj, k] = 2 ®
vary = METY (logn[k] —logn + Z]-=1(logn[],k] —logn[k])) (4)

Noi cach khac, dé du doan nhan cho ban ghi méi {x, ..., x,,} dua trén md hinh phan 16p
Naive Bayes, cac bén can tinh cac gia tri n[k] (k = 1,7) biéu dién s6 ban ghi c6 nhén tuong tng
lan lugt 14 Ly, ..., L, va cac gia tri n[j, k] biéu din sb ban ghi c6 dic trung cta thudc tinh thi j 1a
x; va mang nhan Ly, (j = I,m, k = 1, 7). Trong ngit canh mdi bén sé hitu dir liéu khong tiét 16 dix
liéu minh nam giit, cic bén cin phai cing nhau tinh toan cac gia tri n[k] va n[j, k] trong khi
khong bén nao tiét 16 dit liéu riéng tu ciia minh.

Nhu vay, vé tong quat, dé xay dung md hinh phan 16p Naive Bayes dam bao tinh riéng tu
trong md hinh phan tan ngang nhiéu thanh vién, cac bén U; (i = 1, ...,1) can hop tac cing nhau
tinh toan bao mat cac gia tri sau:

e n[k] (k = 1,7): s6 ban ghi c¢6 nhin tuong tmg lan luot 14 Ly, ..., L.

e n[j5k](j=1,m,s = 1,1,k =1,7): 56 ban ghi c6 dic trung cta thudc tinh thu j 1a a;
va mang nhan Ly.

V& phia dich thu, twong ty nhu trong m6 hinh tinh toan nhiéu thanh vién tong quat dugc trinh
bay trong [5], dich thu dugc gia sir rang klem soat mot s6 thanh vién nguy hai tham gia vao mo
hinh. Muyc dich tin cong cua dich thi cha yéu 1a khai thac dir liéu riéng tu ctia cac bén trung thuc
con lai.

l]l

2.2. Giao thirc phin lop Naive Bayes ddm bdo tinh riéng tw

Trong phan nay, bai bao xdy dung giai phap phan 16p dit liéu Naive Bayes dam bao tinh riéng
tu theo md hinh ban trung truc (semi-honest model) phd bién. M&i thanh vién tham gia vao mo
hinh dugc gia st 1a ban trung thuc, néi mét cach twdong minh thi cac thanh vién nay thuc hién
theo huéng dan ciia giao thirc nhung khi két thuc thi mot sé thanh vién nguy hai c6 thé thong
dong dé khai thac thong tin riéng tu cua nhimg thanh vién trung thyec.
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Nhu da d& cap ¢ trén, dé xdy dung dugc mé hinh phan 16p dir liéu Naive Bayes co dam bao
tinh riéng tu, cac bén cung nhau tinh toan cac gia tri can thiét bang cach trién khai giao thtc tinh
tong bao mat tong quat (GSSP) dugc dé xuét trong [14]. Giao thirc duoc trinh bay nhu sau:

Giao thirc phin 16p Naive Bayes dam bao tinh riéng tw cho mé hinh dir li¢u phan tan ngang:
= Pau vao: n ban ghi dit lidu duqc phén tan tai [ bén s& hfxu dir liéu
= Piu ra: Cac gia tri n[k], n[j%, k] véi j = T,m,s = 1,7, nk=1r)
= Budc 1: Mdi bén sé hitu dir liéu U; € {Uy, ..., U;} chuan bi cac gia tri dau vao riéng tu tir tap
ban ghi cua minh.
Fori=1, .., |
e Tinh n;[k]: s ban ghi U; so hitu ma c6 nhan 1a L, (k = 1,7).
e Tinh n;[j%, k]: s6 ban ghi U; s¢ hiru ma c6 dic trung cua thude tinh thir j 1a ai va mang
nhan L, (j =1,m,s = 1,1,k =1,r).
= Budc 2: Cac bén cung thyc thi giao thitc GSSP
Fori=1, .., |
Thuyc thi giao thirc GSSP

e Tinh cac gia tri n[k] > [kl
e Tinhn[j% k] =¥, n[jSk](j=T,m,s = n,k=1r)
= Budc 3:
Bo phén 16p Naive Bayes duogc xdy dung dua trén cac gia tri xac suat: p[k] = %,
pljs, k] = "L = = Tk =1,7).

nlk]
3. Panh gia giao thirc dé xuit
3.1. Tinh chinh xdc

Giao thirc phan 16p Naive Bayes dam bao tinh riéng tu dugc trinh bay & trén duoc cdu thanh
tir cac giao thire GSSP. Mt khac, tinh dung dén cua két qua dau ra cta giao thirc GSSP di duoc
chi ra trong [14], do d6 cac gia tri xac suat dugc sir dung dé xdy dung bd phan 16p Naive Bayes
dé xuat duoc bao toan tinh chinh xac so voi phuong phap phéan 16p Naive Bayes nguyén thiy.

3.2. Tinh riéng tw

MJi gi4 trj tAn sudt duoc tinh boi mot giao thire GSSP nén kha ning bao vé dit lidu riéng tu
cua giao thuc phéan 16p Naive Bayes dé xuat tuong duong véi giao thirc GSSP.

3.3. Tinh hiéu qua

Dé chi ra tinh hiéu qua cua giai phap phéan 16p Naive Bayes dé xudt, bai bao ung dung giai
phap nay cho bai toan thuc té xay dung md hinh phat hién tin nhan rac (spam) voi rang budc dam
bao tinh riéng tu ctia dir liéu tin nhan ciia nhitng ngudi cung cap. Ngit canh bai toan nay duoc
phat biéu nhu sau:

- Gia sir ¢ 10 nha mang {Uy, ..., U}, trong d6 mdi nha mang sin sang st dung tap 500 tin
nhan ngén bao gom ca tin nhan thong thuong va tin nhan rac. Cu thé, mdi nha mang danh 350 tin
nhan cho qua trinh huan luyén mo hinh va 150 tin nhin cho qua trinh kiém thu.

- Céc nha mang nay mong mudn phat trlen cong cu phat hién tin nhén rac bang mo hinh phan
16p Naive Bayes dugc xay dung dua trén tap tat ca cac tin nhén trén, trong khi mdi nha mang khong
cung cAp tap tin nhin cta khach hang cua ho.
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3.3.1. M6 ta dit liéu thuc nghiém

B dir liéu thue nghiém 1a 5000 tin nhin tié'ng‘Anh duoc lay ra tir tap tin nhin cong khai trén
Kaggle [15]. Mai tin nhan trong b dif li¢u bao gom hai thanh phén chinh: ndi dung tin nhan va
nhan tin nhan (thong thudng hodc rac).

Bang 2. Théng tin bé dir ligu thuc nghiém

Phén loai S6 lwong
Tong so6 tin nhan str dung 5000
S4 tin nhan thong thuong 4311
Sé tin nhén rac 689

Nhu di dé cap & trén, 5000 tin nhan nay gia sir duoc lwu trir phan tan tai co so dit lidu riéng
cua 10 nha mang {Uy, ..., U3 }-

3.3.2. Tién xir Iy diF liéu

Cac nha mang xur ly mdi tin nhin trong tap dit liéu cta ho qua cac bude sau:

Budc 1. Chuyén tit ca cac ky tu sang dang thuong.

Budc 2. Loai bo ddu chim cau, cac tir phd bién va cac tir hlem gap.

Ngoai ra, khi 1am viéc v6i bd phan 16p Naive Bayes, mdi tin nhin thuong duoc chuyén doi
sang mot véc to dic trung Bag-of-Words (BOW). Tuy nhién, trong ngit canh rang budc vé tinh
riéng tu, moi nha mang khong tiét 16 tin nhin khach hang cua ho. Diéu nay dan dén khong thé
xay dung duoc bo tur dién tir tap tat ca cac tin nhan phuc vu cho viéc chuyén ddi dit liéu cho mdi
tin nhan dau vao. Vi thé, trong phan nay bai bao gia dinh 10 nha mang théng nhit st dung mot
kho tir ph6 bién dugc thu thap tir cac bai viét cong khai trén trang Wikipedia co kich thudc
khoang 6 Gigabytes.

Dua trén bo tir dién duoc trich xuét ra tir kho nay, mdi tin nhin cua cac nha mang tiép tuc
duoc chuyén ddi thanh mot véc to nhi phan dic trung 1500 chiéu va kém theo mot gia tri nhan
“thong thuong hodc rac”. Chu ¥, sd chiéu ctia mdi véc to ddc trung phu thudc vao sé tir trong bd
ttr dién dugc lua chon st dung.

Nhu vay, dua vao phéan tich & muyc 2.1, cdc nha mang can cung nhau thyc thi 6002 lan giao thirc
GSSP d tinh toan 6002 gia tri tan sut can thiét ¢ hun luyén mé hinh phén 16p Naive Bayes.

3.3.3. Thiét ké va kich ban thwc nghiém

Trong thi nghiém nay, céc tinh toan dugc cai dit bang ngdn ngit 1ap trinh Python sir dung thu
vién mat ma [16] tich hgp v6i moi trudng phat trién Anaconda. Cac chuong trinh thyc nghiém
dugc thyc thi trén mot may tinh xach tay v6i hé diéu hanh Windows 10, bg vi xir 1y Intel core i5-
8250U xung nhip 1,6GHz va 8GB b nh¢ trong RAM.

Ngoai ra, dé dam bao an toan cho thong diép truyén thong, mdi cip thanh vién st dung cong
cu ma hoa AES-256 va ma xac thyuc thong die¢p HMAC-SHA256 duogc tich hop trong b giao
thirc mat ma SSL/TLS.

Kich ban thuc nghiém dugc dién ra nhu sau:

- Pau tién, méi nha mang Uy, ..., U;o thuc hién pha 1 ciia giao thirc dugc trinh bay tai myc 2.2
VGi cac gid tri t 1an lugt 14 2,4, 6, 8.

- Tiép theo, mdi nha mang U,, ..., Uy, thuc hién budc 1 cua pha 2 cua giao thie duoc trinh
bay tai muc 2.2. Chu ¥, chiing ta khong thé biét dugc mdi nha mang U,, ..., U;o nhan duoc chinh
x4c bao nhiéu thong diép tir cac nha mang con lai nén khi Iénh nay sé& thuc thi véi sé luong
thong diép nhan duoc trong trudng hop tét nhat 1a 0 va xau nhat 13 9.

- Cudi ciing, nha mang U; thuc hién budc 2 cta pha 2 cia giao thirc dugc trinh bay tai muc 2.2.
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3.3.4. Két qua thuwc nghiém

a. Thoi gian thyc thi

Trong 10 nha mang tham gia tinh toan cua giao thac GSSP, nhitng nha mang {U,, ..., U1}
thyc hién cac tinh toan tuong ty nhau, chi riéng nha mang U; thuc hién khac ¢ pha thir 2.

Bén canh d6, d6i voi giao thuc GSSP, tham s6 t & pha 1 dugc thir nghiém véi nhiéu gia tri
khac nhau, lan lugt 14 2, 4, 6,8. Tai budc 1 trong pha 2 cua giao thirc GSSP, truong hop xau nhat
1a mbi nha mang (ngoai trir U;) nhan dugc dir liéu tr 9 nha mang con lai, va nguoc lai truong
hop tdt nhat 1a mot nha mang khong nhan dugc chia sé dir li¢u tir bat ky nha mang nao.

Céc két qua thuc nghiém duoc trinh bay trong Bang 3.

Bang 3. Két qua thuec nghiém chuwong trinh hudn luyén mé hinh Naive Bayes
c6 dam bdo tinh riéng tw trén bé dir ligu tin nhan

Thai gian tinh toan cia U; (i=2, ..., 10) (gidy)

Thoi gian tinh toan cia

Tham s t " Truwong he Truong hg
Uy (gidy) x4u r{qhéi P tét n%éf i
2 1,679 1,757 0,491
4 2,030 2,054 0,932
6 2,296 2,296 1,118
8 2,748 2,615 1,433

Chung ta co thé thdy rang, thoi gian thyc thi cua hai nhém nha mang 1a U; va U;(i =

.,10) twong d6i nho. Cu thé, trong truong hop tham sb t = 2, tong thoi gian tinh toan cua
nha mang U; chua t6i 2 gidy, con thoi gian tinh toan cua tung nha mang U;(i = 2, ..., 10) trong
truong hop xdu nhat va tot nhat tuong tng 1a 1,757 gidy va 0,491 gidy. Tham chi ngay ca khi
tham s6 ¢ 18n t6i gia tri 8 thi thoi gian tinh toan cua nha mang U; va thoi gian nay cua ting nha
mang U; (i = 2, ..., 10) trong truong hop xau nhit chua téi 3 gidy.

Mot diém dang cha ¥ nita 1a thoi gian thyc hién tinh toan ciia mdi nha mang ting tuyén tinh
theo gia tri theo s t.

b. B¢ chinh xac phan lop

Khi thir nghiém mé hinh phan 16p tim dugc trén bo dit lidu kiém thir (1500 tin nhin), bai bao
thong ké cic chi s do chinh xac thoéng thuong (accuracy), do chinh xac cén bang
(balanced accuracy), va chi s F1_score lan lugt twong tmg 1a 0,97, 0, 92, va 0,93. Két qua trén
hoan toan tuong duong khi thyc th1 k¥ thuat phan 16p Naive Bayes truyen thong véi dir liéu dau
vao 1a bo dit liéu tin nhan dugc tién xur 1y twong tw nhu & muyc 3.3.2. Didu nay hoan toan 16 gic
v6i nhitng phén tich danh gia Iy thuyét & muc 3.1.

4. Két luan

Trong ngir canh dir liéu phan manh ngang, bai bao xay dung giai phap phan 16p dir liéu Naive
Bayes dam bao tinh riéng tu cho tmg dung cu thé 1a phan loai thu ric dam bao tinh riéng tu ap
dung giao thirc GSSP, v6i kich ban ¢6 10 nha mang cung tham gia khai pha dé phat trién cong cu
phat hién tin nhén rac. Qua thuc nghiém v6i 5000 tin nhin tiéng Anh dugc Iy tir cac ngudn
dugc trinh bay trong muc 3.3.1 cho thay giao thirc GSSP thé hién dugc tinh hiéu qua khi duoc
trién khai trén bo dir liéu va co thé khang dinh rang giao thirc ndy c6 kha ning timg dung rong rii
trong cac bai toan thuc t& dé xay dung mé hinh phan 16p Naive Bayes c6 rang budc dam bao tinh
riéng tu.
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