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TOM TAT
M@6 hinh hoéa di ligu la bai toan quan trong trong phan tich di liéu ciing nhwe trong hoc may.
CO6 nhiéu phirong phdp gidi quyét bai todn mé hinh héa ndy, trong dé, cdy héi quy la phirong phdp
c6 nhiéu wu diém so Véi cdc phwong phdp hoi quy khéac. Bén canh dé chinh xac, kha ndng gidi thich
ciia md hinh két qud thi vdn d@é dam bdo tinh riéng tir cho tap dit liéu hudn luyén ciing rdt quan trong
va dat ra cap thiét, dac biét véi cac dir liéu ca nhan, nhay cam. Bdi bdo ndy dé xudt cdc phwong
phap va thudt todn co ban dé xay ding cy hoi quy dam bdo tinh riéng twe dwa trén cdc ki thudt-riéng
tw sai biét. Két qua thir nghiém cho thdy tinh kha thi dong thoi ciing mo ra nhieng thach thitc can tiép
tuc nghién cutu, cdi tién.
Tir khoa: riéng tu sai biét; phan tich dir liéu dam bao tinh riéng tu; hdi quy; cay hoi quy

1.  Giéithiéu

Khai thac dir liéu, hoc may va hoc sdu dang ngay cang phat trién nhd ngudn dir liéu
phong phu, khéng 16. Tuy nhién, di kém vé&i nhitng loi ich chiing mang lai 12 van dé riéng tu
cua dir li€u, dac biét 1a cac dir li¢u co tinh ca nhan, nhay cam nhu dit 1i€u tai chinh, y té, sinh
hoc... Ngoai hai muc ti€u quan trong la do chinh xac va tinh ty giai thich, thi cdic mo6 hinh,
thuat toan phan tich dit liéu ciing can phai chu y dén tinh riéng tu cua dir liéu, 1a tinh chat
dac biét quan trong khi cac bo luat vé bao vé dir liéu ca nhan cua nhiéu nudc duoc
ap dung.

C6 nhiéu ki thuat hd tro viéc bao vé tinh riéng tu cho dir liéu dugc phan tich. Trong
do, riéng tu sai biét l1a ki thuat dam bao tinh riéng tu cé thé ching minh duogc vé mit toan
hoc. Ki thuat nay cling rat téng quat, &p dung duoc cho moi dang dir liu va thuat toan phan
tich ma khong phu thudc vao thong tin thém vé dir liéu ctia ngudi tin cong. N6 ciing luong
hoa duoc mat mat riéng tu qua cac tham sb.

Cay quyét dinh, v6i nhiéu wu diém, di duoc dung tir rat sém trong khai thac dir liéu
v6i 2 bai toan chinh 13 phan 16p va héi quy. Mic du di c6 cac phuong phap duoc dé xuat dé
xay dung cdy phan 16p hd tro riéng tu sai biét nhung lai chua c6 phuong phap tuong tu trén
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cay hoi quy. Bai bao nay dé xuit cac phuong phap don gian 1am co sé ban dau cho viée xay
dung cay hdi quy hd tro riéng tu sai biét. Cac phuong phap chung toi dua ra dua trén cac
thuat toan va phuong phap riéng tu sai bi¢t va cac thuat toan twong tu trén cay phan 16p.
2. Cosé i thuyét
2.1. Riéng tw sai biét

Phén nay néu lai cac dinh nghia va dinh Ii quan trong cua riéng tu sai biét s& duoc dung
cho céc phan sau (chi tiét trong Dwork va Roth (2014)). Ta n6i hai tap dit liéu x,y € D™ 1a
1an can néu chung khac nhau khong qué 1 diém dit liéu. Ki hiéu D™ & day chi tap tat ca cac
tap dir liéu gdm n diém dir liéu, mdi diém 12 mot phan tir cua D. Y tudng co ban cua riéng
tu sai biét 1a dura vao ngau nhién vé6i yéu cau kho phan biét cho cac phan phdi xac sut cua
két qua truy van trén cac tap dit liéu lan can.
Dinh nghia 1. (Riéng tu sai biét, Dwork et al., 2006)

Thuat ton ngau nhién M: D™ — R dugc goi la thoa riéng tu sai biét £ (¢ = 0) néu véi
moi tap dix liéu 1an can x,y € D™ vamoi S c R, ta cé:

Pr[M(x) € S§] < exp(¢)Pr[M(y) € S] 1)
Dinh nghia 2. (DJ nhay toan cuc, Dwork et al. (2006))

Do nhay cua ham f: D™ —» R dugc dinh nghia la:

Af = max |f(x) - fO) ©)

x,yED™ lan can

Dinh li 1. (Hau xu i, Dwork et al., 2006)

Néu M: D™ — R riéng tu sai biét e va f: R — R’ thi f o M: D™ — R’ ciing riéng tu sai
biét «.
Dinh i 2. (Két hop tuan tu, McSherry & Talwar, 2007)

Néu M;: D™ — R; riéng tu sai biét &; (1 < i < k) thi thuat toan ding cic M; trén cling
tap dir liéu x € D™ thoa riéng tu sai biét Y5, &;.
Dinh |i 3. (Két hop song song, McSherry, 2009)

Néu M;: D™ — R; riéng tu sai biét &; (1 < i < k) thi thuat toan dung cac M; trén cac
tap con roi nhau cia tap dir li€u x € D™ thoa riéng tu sai biét max &;.
Dinh i 4. (Co ché Laplace, Dwork et al., 2006)

Cho ham f: D™ — R ¢6 d6 nhay Af, co ché M: D™ — R dugc dinh nghia nhu sau thoa
riéng tu sai biét €:

M(x)=f(x)+L,x D" (3)

trong do, L ~ Lap 27) 14 bién ngau nhién c6 phan phdi Laplace voi ki vong 0 va ti 16 &
& &

Dinh 1i 5. (Co ché mii, McSherry & Talwar, 2007)
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Cho ham u: D™ X R = R ¢6 d6 nhay Au, co ché M: D™ - R dugc dinh nghia nhu sau
thoa riéng tu sai biét &:

PriM(x) =r] « exp(

eu(x,r)

o ),xED",rER (4)

trong d6, ham u thuong duoc goi la ham tién ich va Au = max  max |lu(x,r) —
r€R x,yeED™ lan cin

u@ . ‘
2.2. Hoi quy va cdy hoi quy

Cho D = {(x;, y;)}-, 1a tap dit liéu huin luyén véi x; € A = Ay X Ay X ... X Ay, VA
y; €Y = R. Cac Ay, A,, ..., Ay, duoc goi 1a thude tinh va Y duoc goi 1a muyc tiéu. Hoi quy 1a
bai toan tir tap dir liéu huan luyén D, xay dung quan hé gitra muc tiéu Y véi céc thude tinh
A. Quan h¢ nay co thé duogc dung dé giai thich hodc dy doan gia tri muc ti€u cua diém dix
lidu méi khi biét cac gia tri thudc tinh.

C6 nhiéu mé hinh va thuat toan hdi quy khac nhau, trong d6, mé hinh héi quy bang
cdy quyét dinh c¢6 nhiéu wu diém nhu: ¢6 tinh giai thich cao, d& hiéu véi ngudi phan tich, chi
phi tinh toan thap, phi tham sd, mé ta dugce quan hé phi tuyén, ding duoc cho cac thudc tinh
roi rac 1an lién tyc... Nhuge diém chinh cia cay hdi quy 1 nhay cam véi dir lidu va dé xay
ra qué khop.

Thuat toan xay dung ciy co ban 1a qua trinh Idp lai cic budc sau xuat phat tir tap dir
liéu huén luyén:

- Kiém tra diéu kién dimg, néu thoa thi tao niit 14 voi gia tri tuong mg;

- Néu khong, chon thugc tinh va gia tri chia nhanh tdt nhat cho tap dir liéu hién tai;

- Phan hoach tap dir liéu thanh cadc nhém theo gié tri cua thude tinh da chon, tao ntit ndi
V61 cac nhanh dé¢ quy cho tirng nhéom dit liéu da chia.

Hai tiéu chi danh gia thuong dung dé chon thudc tinh va gia tri tbt nhat cho nat noi la:
trung binh binh phuong 15i va trung binh tri tuyét dbi 16i voi gia tri twong Gmg & nut 14 1a
trung binh va trung vi cac gid tri muc tiéu cua cac diém di liéu ¢ nit d6 (chi tiét trong Han
et al. (2012), Breiman et al. (2017)).

3. Dbi trgng va Phwong phap nghién ciru
3.1. Cay phdn lop thoa riéng tw sai biét

Cay quyét dinh ciing c6 thé duoc ding lam mé hinh phan 16p ma khi d6 thuong dugc
goi 1 cay phan 16p. Cu thé, tir tap dir liéu huan luyén D = {(x;, v;)}~, v6i y; € Y 1a tap
nhan 16p, cay quyét dinh duoc x4y dung bang thuat toan tham lam tuong tu trén véi gia tri
ctia nt 14 1 nhén cua 16p chira nhiéu diém dit liéu nhat trong nat. Cac tiéu chi danh gia hay
dung dé chon thuoc tinh va gia tri tdt nhat cho nut ndi 1a do loi thong tin, ti suét loi, chi sb
Gini (Han et al., 2012; Breiman et al., 2017).

Nhiéu thuat toan xay dung cdy phéan 1p thoa riéng tu sai biét da dugc dé xuat véi muc
tiéu vira cho két qua du doan t6t vira dam bao tinh riéng tu cho tap dit liéu hun luyén
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(Fletcher, 2016). Cac yéu t6 chinh can xem xét khi x4y dung cAy thoa riéng tu sai biét 1a
(Fletcher, 2016):

- Tbi thiéu s 1an truy cap dir liéu,

- Dung céc truy van c6 d6 nhay thép,

- Cép phat quy riéng tu mot cach hop 1i.

S6m nhét (Blum et al., 2005) dung co ché Laplace (Pinh Ii 4) cho cac truy van dém dé
kiém tra diéu kién dimg va tinh d6 loi thong tin. Sau d6, Friedman va Schuster (2010) ding
co ché mii (Pinh li 5) dé chon thudc tinh va gia tri chia nhanh t6t nhat. Cai tién nay giup tiét
kiém qu¥ riéng tu nho truy van trén cac tap dit liéu roi nhau (Pinh Ii 3). Friedman va Schuster
(2010) cling thtr nghi¢m céc tiéu chi phan nhanh véi do nhay khac nhau.

Jagannathan va cong su (2012), mé dau hudng nghién ctru ding két hop nhiéu ciy
thoa riéng tu sai biét bang cach chia déu quy riéng tu cho mbi cay (Pinh If 2). Céc cong trinh
sau do cua Patil va Singh (2014), Rana va cong su (2015), Fletcher va Islam (2015), Fletcher
va Islam (2017), tiép tuc hudéng nay. Gan day, Xin va cong su. (2019) dung nhiéu cay riéng
tu x4y dung trén cac tdp con roi nhau cua tap dit liéu huin luyén di cho két qua rat tot nho
Dinh i 3.

3.2. Cdy hoi quy tham lam théa riéng tw sai biét
3.2.1. Thugt toan

Mic du ¢6 nhiéu cong trinh nghién ctru viéc xay dung cay phén 16p thoa riéng tu sai
biét nhung chua ¢ cong trinh nao nhu vy cho cay hoi quy. Bang 1 trinh bay khung thuat
toan dé x4y dung cay hoi quy tham lam thoa riéng tu sai biét do ching t6i dé xuét.

Bdng 1. Thudt toan xay dung cay hoi quy tham lam hé tro riéng tu sai biét
1. procedure DPGreedyRegTree(X, Y, 4, Linax, Nopiit: Nieaf €)

2. Input: X,Y —tap dit lieu huan luyén, A — tap thude tinh, Ly, — mitc toi da clia cdy, Nypy
— s diém dit lidu t6i thiéu dé chia nit, Nyqr — 56 diém dit lidu toi thiéu cua nit 14, € — tham
s riéng tu.

ﬁ:

£
2lmax +1

3
4 return cdy hdi quy c6 nat gbc 1a Build_Tree(X, Y, 4, Lpax, Nspiit Nieas, B)
5. end procedure

6. procedure Build_Tree(X,Y, A, 1, Ngpyit, Nigay, €)

7

8

9

N = LapMech(|X], )
if l=00rN < Ng;; then
. return nat 14 véi gia tri LapMech(Y, &)
10. A*,v* = ExpMech(X,Y,4,¢)

11. Chia (X,Y) ra 2 phan (X, Y}), (X,, Y;) theo gia tri v* cta thudc tinh A*
12. N;, N, = LapMech(|X;|, €), LapMech(|X,|, €)
13. if Ny < Niggr OF Ny < Nigqr then
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14. return nat 14 véi gia tri LapMech(Y, &)
15. return nat ndi voéi nhan (A%, v*) va 2 cdy con trai, phai tuong Ung la
Build_Tree(X;, Y}, A, 1 — 1, Ngpyit, Nigafr €) va Build_Tree(X,, Yy, A, 1 —

1, Nsplit' Nleaf' ‘9)
16. end procedure

Twong tu nhu Friedman va Schuster (2010), chiing t6i duing co ché cap phat quy riéng
tu déu v6i tham sé riéng tu & duoc chia déu cho cac muc cua cdy theo Pinh Ii 2. O mdi mire,
do céac nit truy cap dén céac tap roi nhau cta dit liéu huan luyén nén theo Pinh Ii 3, quy riéng
tu khong can chia cho cac nit khac nhau. Trong thi tuc DPGreedyRegTree, tham 86 1,4y
xé4c dinh murc t6i da cua ciy, va vi & mdi nat c¢6 2 truy van (trir mirc 1,4, chi ¢d 1 truy van)
nén & dugc chia cho cac ntit nhu ¢ Dong 3.

3.2.2. C4c truy van hé tro riéng tur sai biét

Pé dém s6 luong diém dir liéu trong nut, chung toi ding co ché Laplace (Pinh |i 4)
v6i d6 nhay cua truy van A Af = 1 (Blum et al., 2005). Cu thé:

LapMech(|X|, &) = |X| + Lap G) (5)

Lua chon thuong dung cho gié tri cua nat 14 1a trung binh cac gia tri muc tiéu caa cac
diém dit liéu trong nut. D& hd tro riéng tu sai biét, pham vi ciia muc tidu phai bi chan, o day,
ching toi gia sir Y = [0, 1]. Gia st nay hop i vi gia tri muyc tiéu thuong dwoc chuan hoa vé
khoang nay trong thuc té. Khi d6, ching t6i dung co ché Laplace cho truy van trung binh
v6i do nhay cua truy van lA Af = % (Dwork et al., 2006). Vi sb lugng diém dir liéu tdi thiéu

, ;s A X .2 ~ 1eA , A~ 1
trong nGt 1a 1a Nyeqr nén s6 luong diém dit lidu trong nlt n = Nieqp NENAf <

.Luu y
Nleaf Y,

cac thong s6 Lygy, Ngpiits Nieas duoc chon trude va khong phu thude vao tap dir ligu. Tom
lai, gia tri cho nut 14 1a:

LapMech(Y,&) =Y + Lap( : ) (6)

Nieaf€

Lua chon khac cho gia tri cua nuat 14 1a trung vi cac gié tri myc tiéu cua cac diém dit
li¢u trong nut. Pé hd trg riéng tu sai biét, chung t61 dung co ché mil nhu trong Sarwate va
Chaudhuri (2013). Cu thé, sdp xép cac gia tri muc tiéu trong nut ting dan theo cac khoang

Yo =0,V1, e, Vo Va1 = 1, dat B, (y) = #{%Sy} la ham phan phdi tich ity thuc nghiém cua
cac gia tri muc tiéu, chon ham tién ich u(y) = —]0.5 — E,(y)| thi Au = % <1 Gia tri
leaf
cho nut la la:
ExpMech(median(Y), €) = Uniform(ykx_1,Vx) (7
voi:
Pr[K = k] « |y, — Vk_1lexp (_£|0'5_Fn2(yk)|Nleaf) Jkef{1,2,..,n+1} (8)
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Pé chon thudc tinh va gia tri chia nhanh tdt nhét cho tap dir li€u tai nat ndi, chung toi
dung co ché mil véi ham tién ich 1a d6i cua trung binh binh phwong 16i hay ddi cua trung

binh trj tuyét ddi 161, twong tng véi lva chon gia tri cho nat 14 1a trung binh hay trung vi. Do
1

nhay cua c&c truy van nay déu bi chin bai Af < do s6 lugng diém dit lidu tdi thiéu dé

split
chia nhanh la Ngy,;..

Friedman va Schuster (2010), c6 dé xuat cach xur Ii thudc tinh lién tuc. Tuy nhién, cach
nay khong hiéu qua khi s6 luong diém dir liéu trong ntt nhidu nén chung t6i dung cach don
gian hon 1a roi rac héa bang Nyange diém dai dién phan cach déu trong khoang [0, 1]. Di
nhién, cac thudc tinh lién tuc ciing phai dugc chudn héa vé khoang [0, 1] trudc do. Luu ¥,
cac diém dai dién nay khong phu thudc vao dir liu.

3.3. Rirng hoi quy phén viing théa riéng tw sai bigt

Tuong ty Xin va cong su (2019), chung t6i ciing dé xuat viéc dung nhiéu cy hoi quy
riéng tu x4y dyng trén cic tip con roi nhau cia tap dit liéu huan luyén nhu trong thuét toan
0 Bang 2.

Bdang 2. Thudt toan xay dung rieng hoi quy phan ving hé tro riéng tir sai biét

1. procedure DPPartRegForest(z, X, Y, 4, Linax, Nopiit: Nieas €)

2. Input: T —sb cay, X,Y — tap dir liéu huan luyén, A — tap thudc tinh, I,,,, — mirc toi da ctia
cay, Nypyir — O diém dit liéu téi thiéu dé chia nut, Njpq — 56 diém dit liéu téi thiéu cua nit
14, & — tham s riéng tu.

3. Chia tap dix liéu (X,Y) ralam t ving roi nhau (X1, Y;), (X3, Y2), ..., (X, Yr)

4. return ring gom T ciy 1a két qua cla
DPGreedyRegTree(X;, Y;, A, lnaxs Nopiits Nieay, €) VOI T = 1, ..., T
5. end procedure

S6 diém dit liéu trong mdi phan ving duoc chon xap xi nhau. Vi mdi cay hoi quy dugc
xdy dung trén céc tap dit liéu rdi nhau nén quy riéng tu van giit cho mdi ciy theo Pinh Ii 3.
Khi dy doan, gia tri trung binh ciia két qua du doan ctia cac ciy duge ding ma khong phai
ding thém co ché riéng tu nao nho Dinh Ii 1.
4. Két qua va thao luin

Pé danh gia cac phuong phap, chung toi dung tap dit liéu huan luyén California
Housing (Pace, & Barry, 1997) gdm 20.640 diém dit liéu vai 9 thudce tinh lién tuc (ké ca muc
tidu). Tap dit liéu dwoc tién xu Ii dé dua gia tri cac thudc tinh lién tuc va muc tiéu vé khoang
[0,1]. M&i phuong phap duge danh gia bang ki thuat 10-fold Cross Validation ding trung
binh sai s6 tuyét d6i (MAE).
4.1. Ddnh gii MAE theo tham sé riéng tw

Vi chua ¢ cong trinh ndo dung riéng tu sai biét trén cay hdi quy nén ching téi ding
3 phuong phap sau 1am co s& danh gia: cay hoi quy trong thu vién Python scikit-learn
(Pedregosa et al., 2011), gié trj trung binh cia muc tiéu cua tt ca cac diém di liéu hd tro
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riéng tu sai biét theo co ché Laplace (Pinh Ii 4) va rirng hi quy dung céc cay hoi quy Python
scikit-learn. Cac phuong phap nay duoc dit tén lan lugt 12 Python_Tree (1), DPMean (2) va
Python_Forest (3).

Céc phuong phap chung t6i xay dung duoc danh gid gdm phuwong phap mét cay héi quy
tham lam va phuong phap rirng hdi quy phan viing theo cac tiéu chi chia nhanh ndt noi va chon
gia tri twong ¢ng cua nut 14 1a trung binh va trung vi. Cac phuong phap nay duoc dit tén lan
luot la DPMean_Tree (4), DPMean_Forest (5), DPMedian_Tree (6), DPMedian_Forest (7) va
dugc danh gia qua cac tham sb riéng tu € 12 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64. Két qua danh gia
duoc trinh by & Hinh 1 va chi tiét & Bang 3 vai d6 léch chuan ghi trong ngoic. Cac gia tri chon
cho thong s6 13 Nygnge = 40, Npir = 20, Njogp = 10, v6i mot cay tham lam thi L., = 15
va vai rung cay thi 1,4, = 5 va sb cay trong ring la 7 = 25.

0.5470

Python_Tree
DPMean
Python_Forest
DPMean_Tree
0.4399 4 DPMean_Forest
DPMedian_Tree
DPMedian_Forest

0.4935 4

T

YA

0.3864

0.3328 4

MAE

0.2793 4

0.2257 4

8 — =% ——= = = = >
0.1722
‘-\_“
o o o — m
0.1186 4
0.0651 T T T T T T T T T
0.25 0.5 1 2 4 8 16 32 64

Tham s6 riéng tu
Hinh 1. Két qua ddnh gid MAE theo tham sé riéng tw cuia cac mo hinh cay hoi quy
Bdng 3. Két qud chi tiét MAE theo tham sé riéng tir ciia cac md hinh cay hai quy
£ 1 2 3) 4) ®) (6) (7

0.25 01378  0.1915 01185 0497 02244 03097  0.2186
(0.031)  (0.0309) (0.0188) (0.0525) (0.0465) (0.0426)  (0.0423)

0.5 01361 01916  0.1185 04708 02169  0.3275  0.2219
(0.0273)  (0.0309)  (0.0188) (0.0537)  (0.0364)  (0.0405)  (0.0369)

1 01342 01916  0.1202 04485 02073 0322  0.2177
(0.0265)  (0.0309)  (0.0185) (0.0341) (0.0384) (0.0329)  (0.0235)

2 0136 01916  0.1185 04222 01764 03179  0.215
(0.0275)  (0.0309)  (0.0183) (0.0193) (0.0229)  (0.0228)  (0.0308)

4 01329 01916 01191 0365 01615 0314  0.2075

(0.0252)  (0.0309) (0.0178) (0.0285) (0.0292)  (0.0306)  (0.0288)
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8 01327 01916 01192 03022  0.1402 02993  0.1858
(0.0264)  (0.0309) (0.0189)  (0.0233)  (0.0223)  (0.0184)  (0.0286)
16 01358 01916  0.1185 02249  0.1343  0.2866  0.1492
(0.031)  (0.0309) (0.0195) (0.0191)  (0.025)  (0.0213)  (0.0299)
32 01317 01916 01178 01652  0.1284 02422  0.1219
(0.0246)  (0.0309) (0.0192) (0.0118) (0.0233)  (0.0242)  (0.0348)
64 01343 01916 01178 01437 01226 01701  0.1151

(0.0262)  (0.0309) (0.0188) (0.0225)  (0.0218)  (0.0205)  (0.031)
Tur két qua Bang 3, ching t6i nhan thay, viéc dung cay hoi quy riéng tu sai biét cho
tham s6 riéng tu € < 1 1a khong ¢ y nghia vi phuong phap don gian DPMean cho két qua
t6t hon. Ciing luu ¥, DPMean cho két qua tét vi s6 diém dit liéu trong tap di liéu 12 16n (n =

20640) nén d6 nhay cua truy van trung binh % la rat nho. Truong hop tap dit liéu nho (co it
diém dit liéu) thi phuwong phap don gian nhu DPMean s& cho két qua khong tt. Phuong phap
dung ring cay cho két qua tot hon 1 cay vi khic phuc duoc nhugc diém qué khép dix liéu va
nhay cam cua cay tham lam.

Véi tham sé riéng tu trong khoang 1 < & < 10, phuong phéap dung tap cdy phan ving
Vvé6i gié tri trung binh muc tiéu (DPMean_Forest) c¢6 két qua rat tét, tham chi gan dat duoc
két qua cua cdy hoi quy thong thudng khong hd trg riéng tu. Truong hop & > 10,
DPMean_Forest tham chi cho két qua tét hon 1 cay tham lam.

Dic biét, khi € > 50 thi tap cdy phan ving c6 dung riéng tu sai biét lai cho két qua tot
hon rimg cay thong thuong. Diéu nay co thé dugc Ii giai boi viéc ding ngau nhién cho cay
hoi quy riéng tu gitp han ché viéc qua khép dit liéu huan luyén do d6 giup tang kha ning
t6ng quét hoa cho dir liéu méi. Di nhién, khi & nhé thi nhidu qua 16n nén dan dén két qua
khong thé tét nhu cay hoi quy thong thuong.

4.2. Ddnh gii MAE theo so liong cdy trong rirng hoi quy

Chung t6i cling chay thuc nghiém dé danh gia MAE theo sé luong cay trong ring cay
phan vung. Rung cay phan ving dugc danh gia véi cac cay duoc dung la cay thong thuong
(Python_Forest), cay riéng tu véi gid tri trung binh (DPMean_Forest) va gia tri trung vi
(DPMedian_Forest). S6 lugng cay T dugc danh giala 1, 2, 4, 8, 10, 15, 20, 25, 30, 50, 100, 200,
300, 400, 500 véi tham s riéng tu 1a € = 5. Két qua danh gia duoc trinh bay & Hinh 2.
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0.2615

0.2338 -

—>—
0.2062 - I >
B e I e e e

0.1785 4

MAE

0.1509 A

0.1232 1 W

0.0956 4

O T T 5 1o 15 20 25 30 S0 100 200 300 400 500
S8 lugng cay
Hinh 2. Két qua ddnh gid MAE theo sé lirong cy trong rieng hoi quy

Trong trudng hop tap dit liéu nay, két qua cho thiy sb cay tdi vu 1a khoang 25 cdy. Di
nhién, sé cy phan ving tot phu thudc vao kich thude dir liéu. Tap dit liéu California Housing
gom 20.640 diém dit liéu. Nhu vay, sb cay nén duoc chon dé c6 khoang 700-1000 diém dit
liéu cho 1 cay.
5.  Kétluan

Két qua thuc nghiém cho thay viéc xay dung cay hoi quy hd tro riéng tu sai biét 1a kha
thi, gilp tao mé hinh hdi quy c6 tinh giai thich cao, kha nang du doan tot ma van dam bao
tinh riéng tu cho tap dit liéu huan luyén.

Phuong phap dung nhiéu cdy phan ving cho két qua rat tot, nhat 1a trén tap dit lidu
huan luyén 16n (c6 nhiéu diém dix liéu), vi vira giup khic phuc nhuoc diém dé qua khop dix
liéu va nhay cam lai vira han ché viéc dung quy riéng tu do duoc huan luyén trén cac phan
vung dir liéu roi nhau.

Két qua chua t6t cho trudng hop tham sb riéng tu nho (¢ < 1) cho thiy viéc can phai
tiép tuc nghién ctu, thir nghiém, cai tién phuong phap. Cac hudng phét trién co thé la:

- Thu nghiém cac chién lugc cip phat quy riéng tu khong déu. Chang han, chia quy
nhiéu hon cho cac nut 14 vi chung mang gia trj du doan.
- Thir nghiém cay ngau nhién vi viéc chon ngau nhién thuoc tinh va gia tri chia nhanh

khong truy cap di liéu nén gidp tiét kiém quy riéng tu. Di nhién, cac cay nay phai duoc két
hop thanh ring cay vi mdi ciy thuong khdng cho két qua du doan tot.
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% Tuyén bé vé quyén lgi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi

% Loi cam on: Nghién ciru nay duoc tai tro béi Pai hoc Quéc gia Thanh phé HS Chi Minh
(VNU-HCM) trong dy 4an NCM2019-18-01.
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ABSTRACT

Data modeling is an important problem in data analysis as well as machine learning. There
exist many different data modeling solutions, of which regression tree is a method which has many
advantages compared to other regression methods. In addition to the accuracy and interpretability
of the result model, the issue of ensuring the privacy of the training dataset is also very important
and urgent, especially with sensitive and personal data. This paper proposes basic methods and
algorithms to build privacy-preserving regression trees based on the differential privacy technigques
and algorithms. The experimental results indicate the feasibility of the proposed methods, while also
raise challenges which could be further studied.

Keywords: differential privacy; privacy-preserving data analysis; regression; regression tree
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