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TOM TAT

Phén cum diz ligu (Data Clustering) la mgt phurong phép hoc may khéng gidm sét co
nhiéu ing dung trong thuc tién, dac biét 1a trong ky nguyén bung né cua dir liéu. Bai bao
nay nghién cizu cdc mod hinh phan cum dwa trén mang no ron hoc sau, tdp trung chu yéu
vao cac mo hinh AutoEncoder niuw DEC, IDEC. Cu thé, bai bao nghién cizu cdi tién ham
muc tiéu ciza DEC @é nang cao hiéu qud phan cum di lidu. Két qua thiz nghiém trén tdp di
lieu phic tap va kho (FMNIST) cho thay tinh hiéu qua ciia ham muyc tiéu dé xudt so vdi cac
mé hinh phan cum hién dai khac.
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1. PAT VAN BE

Cho trudc mot tap gom n diém di liéu {x; X} ,, bai toan phan cum dugc phét biéu nhu
sau: hay chia tap dir liéu thanh k cum, mdi cum biéu dién boi mot tim cum ujvéij=1,..k
sao cho cac diém trong mdi cum gi‘in nhau nhat c6 thé; cac diém thudc cac cum khac nhau
s& xa nhau nhat c6 thé. Thong thudng, cac diém dir liéu dau vao 1a vector ddc trung trong
khong gian s6 thuc nhiéu chiéu. Do véy, khoang cach giita cac diém dir liéu dugc tinh toan
boi mot 6 do khoang cach nao do, tiéu biéu nhat 1a d6 do Euclidean.

Bai toan phan cum dir li¢u thu hat dugc sy quan tdm nghién ctiru rt 1on cua cac nha
khoa hoc boi tiém ning tng dung trong thuc tién & nhiéu linh vyc khac nhau. Trong thoi
dai phat trién bung nd cia dit liéu, cac doanh nghiép va to chirc dang canh tranh trong linh
vuc chiém linh va 1am chi thong tin tir dir liéu. Dit liéu gép phan quan trong vao doanh
thu, 1am thay ddi chién lugc hoat dong va kinh doanh cia cac co quan to chtrc. Phan tich
dir lidu ty dong ludn 12 mot trong nhirg wu tién hang dau dé gianh loi thé vé ning luc canh
tranh. Tuy nhién, cac thuat toan phan cum dit liéu truyén thong (tiéu biéu la K-means [1])
thuong khong dap tng duoc yéu cau vé do chinh xac, thoi gian xir 1y.

Gan day, su phat trién manh mé cua cac cong nghé mang hoc sau da tao cam hirng
dé cac nha nghién ctru khai thac uvu diém va thé manh ctia cac mo hinh no ron nhan tao cho
bai toan phan cum dir li¢u. Nhiéu mé hinh phan cum hoc sau da dugc nghién ciu dé xuét,
tiéu biéu nhu DEC [4], IDEC [6], Deep spectral clustering [6]. Chi tiét vé cac mo hinh no
ron hoc sau cho bai toan phan cum dir liéu dugc trinh bay va phan tich trong [3] [5].
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Céc md hinh phan cum dua trén mang hoc sau ¢ trén hoat dong kha hiéu qua va vuot
troi S0 Vi cac phuong phap phan cum truyén thong. Tuy nhién, hiéu nang phan cum van
kha thip véi cac tap dit liéu kho, chang han theo két qua thur nghiém cua [7] thi d6 chinh
xac (ACC) phén cum cua DEC, IDEC trén tap dir liéu FMNIST [2] twong tng chi dat
0.518 va 0.529. Nguyén nhan chinh nhiéu kha niang do tinh phan biét cua ham muc tiéu
chua @i manh, do vay mo hinh chua duoc ép budc dé hoc cac dac trung du tt. Trong bai
bao nay, ching tdi nghién ctu cai tién ham muc tiéu phan cum caa DEC dé dinh huéng
md hinh hoc cac dac trung c6 d6 tuong quan cao voi muc tiéu phén cum. Két qua nghién
ctru dugc thir nghiém trén tap dir liéu khé FMNIST cho d6 chinh xac la 0.647, qua do
khing dinh tinh vu viét cua giai phap dé xuat.

2. PHUONG PHAP NGHIEN CUU

Trong qua trinh nghién ciu, nhém tac gia da ap dung va trién khai quy trinh nghién
Ctru nhu sau:

Phwong phdp nghién ciu ly thuyét: Tién hanh thu thap, tong hop va nghién ciru ky thuat
va thuat toan co lién quan dén linh vyc thi gidc may, méay hoc, mang no ron hoc sau, cac md
hinh phan cum AutoEncoder, c4c kién tric mang no ron hién dai. Thiét ké cac kién triic mang
tich chap hoc sau, phan tich va danh gia vé mat Iy thuyét cac uu nhuoc diém cua cac thanh
phan mang vé phuong dién d phuc tap tinh toan ciing nhu tinh nang dy doan ciia mang.

Phurong phdp nghién ciru thuc nghiém: T6 chirc chuan bi dit liéu huan luyén; Cai dat
danh gia mo hinh mang xay dung trén tap dir liéu chuan va so séanh két qua thuc nghiém
V6i cac phuong phap khac.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Tong quan vé tinh hinh nghién ciru

DEC (Deep Embedded Clustering) [4] duoc xem 12 md hinh phan cum dau tién dua
trén mang AutoEncoder. V& co ban, mot mang AutoEcnoder gém hai thanh phan 1a
Encoder va Decoder. Ca hai thanh phan déu dugc xay dung tir cic tang no ron (nhan chap
hoac két ndi déy da). Nhiém vu cua Encoder 1a ma hoéa tin hi¢u dau vao thanh cac dac
trung tiém 4n trong khong gian méi. Nguogc lai, thanh phan Decoder c6 vai tro tai tao lai
tin hiéu gdc tir cac dic trung tiém an.
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Hinh 1. Kién tric mang phan cum DEC [4]
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DEC duoc thiét ké dé hoat dong nhu mot AutoEncoder va dat dugc nhiing két qua
an tuong vé hiéu ning phan cum S0 Véi cac phuong phap truyén théng Thay vi thyc hién
phan cum tryc tlep trén tap dix liéu X, mo hinh DEC déu tién s& bién doi X sang khdng glan
tiém 4n mai bang thanh phan Encoder f;: X — Z trong d6 6 la cac tham s6 c6 thé huan
luyén duoc va Z 1a khong gian dic trung tiém ning (hay con goi Embebded Feature
Space). Thong thuong, f, 1a phi tuyen va khdng gian Z ¢6 sb chiéu nho hon nhiéu so voi
X. Mo hlnh DEC cho phép hoc ddng thoi cac tam cum {u; €Z}*_ trong khong gian Z va
cac tham s6 O ctia mang no ron. Cu thé, DEC gdm hai pha xu ly (Hinh 1):

Khéi tao: Khéi tao cac tham sb bang cach huan luyén mot mé hinh AutoEncoder. Dé
diéu khién qua trinh hoc, ham muyc tiéu Lr dugc su dung. Lr do khoang cach gitra tin hi¢u
tai tao va tin hiéu géc, duoc tinh nhu sau:

Ly = dae (%, f () = Tillx; = F@)I’ (1)

Lam min: myc ti€u budc nay nham cap nhat cac trong sb ctia nhanh Encoder dé hoc
cac dic trung phi hop cho bai toan phan cum. Pé 1am viéc nay, DEC dé xuat muc tiéu Lc
duoc tinh toan nhu sau:

Tinh xac suét gy dé diém dit liéu z; = f(x;) thudc ve tam cum y;:

a+1
2, N7z
B CRA R 7 o
, , Zj’(1+J|Zi_.uj’”2/,a) ’
Tinh phén bo xac suat dich pj; dé giam sat ket qua hoc:
L a5/f
TS @y

Tinh gia tri ham muc tiéu Lc:

Lc =KL(P Il Q) = ZZ Dij logZ—Z 4)
i

M6 hinh DEC cho két qua phan cum kha tot trén mot sé tap dir liéu tiéu chuan. Tuy
nhién, trong pha lam min DEC chi t6i wu minh nhanh Encoder ma bo qua Decoder. Viéc
nay c6 thé 1am bién ddi khong nho theo hudng bat loi céc trong sé da hoc duoc cua
Encoder. Hiéu ning phan cum do vay c6 thé bi anh huong khong nho.

IDEC (Improved DEC) [6] cai tién DEC & chd trong pha lam min ca hai nhéanh Encoder
va Decoder déu duoc ti wu dong thoi. Hinh 2 mé ta y twéng cua IDEC. Cu the IDEC ciing
gom 2 budc 1a khoi tao va 1am min trong d6 budc khoi tao duoc thyc hién gidng nhu DEC.
Tuy nhién, budc lam min s& sir dung ham muc tiéu méi duoc tao thanh tir Lc va Lg nhu sau:

LIDEC =Lgp+vLc ®)
Trong d6 ¥ 1a hing s6 can bang va cac tac gidgoiyy = 0 1.
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Hinh 2. Kién tric md hinh IDEC [6]
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Két qua thir nghiém cho thay ham muc tiéu méi gitp IDEC cho két qua phan cum
vuot troi so voi DEC trén nhiéu tap dit liéu. Tuy nhién, hiéu ning cia IDEC, DEC trén tap
dir lisu FMINST van rat han ché. Trong phan tiép theo, chiing t6i s& dé xuat mot ham muc
tiéu mai giup néng cao hiéu nang phan cum cia DEC va IDEC.

3.2. Cai tién ham muc tiéu phan cum
3.2.1. Xay dung ham muc tiéu

Trude hét vé kién tric mang AutoEncoder, chiing toi gitt nguyén kién tric mang cua
DEC gom hai thanh phan 1a Encoder va Decoder. Cy thé, mang Encoder duoc xay dung tir
céc tang két ndi day du véi sé lugng no ron & mdi tang lan luot 1a: D-500-500-2000-10
trong d6 D 1a chiéu cua dir liéu dau vao, 10 Ia chiéu cua khong gian tiém an. Thanh phan
Decoder s& ¢6 c4c tang d6i xung vaoi Encoder nén s& c¢6 cac no ron tai mdi tang lan luot 1a:
10-2000-500-500-D. Viéc giir nguyén kién tric mang AutoEncoder cua DEC gilp viéc so
sénh hiéu nang dugc cong bang va khach quan.

Chung t6i dé xuat ham muc tiéu mai c6 tén Lg va sir dung ham nay trong pha lam
min (fine-tuning) ctng voi ham L, & phuong trinh (4). V& co ban, ching toi thiét ké ham
muc tiéu Lg dua trén quan sat sau:

Néu hai diém dit liéu z; va z; dugc phan vé cling mot cum thi chling ¢6 kha ning cao
s& nam gan nhau, va do vay khoang cach gitra chiing s& nho;

Nguoc lai, néu z; va z; duoc nhém vé hai cum khac nhau thi chiing c6 kha ning cao
s& ndm xa nhau, trong @ng véi khoang cach giita chdng 1a 6n.

Dé x4c dinh hai diém z; va z; ¢ thuoc vé mot cum hay khong, chiing toi st dung
bién gan mém néu g;; & phuong trinh (2). Cu thé:

Goi ¢; = arg max (q;) va c; = arg max (q;,) trong dé6 t=1,2,... K.

Néu ¢; = ¢; thi z; va z; thudc vé ciing mot cum va nguoc lai.

Do vay, ham muc tiéu L dugc dinh nghia nhu sau:

1 2 1 2
=g 2l Il 6

ci=cj Ci#Cj

Trong d6: ng s lugng cac cap diém z; va z; ma ¢; = ¢;, ny s6 luong cac cap diém z;
va z; mac; # c;.

Trén co sé ham muc tiéu méi xay dung, ching toi huan luyén mang AutoEncoder
nhu sau:

Khdi tgo: Chung tdi thuc hién huan luyén theo ky thuat end-to-end (tong thé) ding
ham muc tiéu L, dé khoi tao céc tham sé cho mang AutoEncoder. Sau khi huin luyén
xong, K-means duoc ap dung trén khdng gian tiém an Z dé sinh ra K cum khéc nhau. Tam
cia K cum s& dugc gan vao tang phan cum nhu cach ma DEC di thuc hién. Chang toi
huan luyén mang trén tap dir lieu FMNIST s& cong b két qua huan luyeén trong phan két
qua thar nghiém.

Lam m;n: Chlng t6i tiép tuc tich hop ham muc tiéu L. cia DEC véi cac ham Lg dé
Xuit dé tao thanh ham muc tiéu tong thé nhu sau:

Lnew = LC + ﬁl‘s (7)
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Trong d6 B 1a hiang sb can bang. Trong thuc nghiém cua ching t6i, gia tri nay dugc
gan nhu sau: = 0.02 thong qua ky thuat tim kiém ludi (grid search) véi f €
{0.001,0.01,0.02,0.1,0.2,0.5,0.75,1.0}.

3.2.2. Két qua thir nghiém

Chung téi so sanh md hinh trong bai bao nay vai cdc moé hinh DEC va IDEC trén tap
dit lieu FMNIST gom c6 70K anh. C4u hinh mang va tham s6 mang duoc gitr nguyén nhu
trong céc bai béo gbc cua DEC, IDEC. Két qua phan cum dugc do bang d6 chinh xac ACC
duoc tinh nhu sau:

n o1l = .
ACC = max i=1 { i m(cz)} (8)
m n

Trong d6 I; 1a nhin dang cua diém dit liéu thir i, ¢; 1a nhan duoc gan cua diém di
liéu thir i cho mot cum bai thuat todn phan cum, m dai dién cho tat ca cac phép gan giira
cac cum va cac nhan ding cua dit liu. Moi phép gan sé gan mot nhan diing cho mot cum
tuong tng. Két qua thir nghiém duoc trinh bay trén Bang 1. Nhu chung ta ¢6 thé quan sét
thay, hé théng DEC vé&i ham muc tiéu cia chung t6i cho d6 chinh xac kha cao so véi DEC
va IDEC. Hé théng dé xuat co d6 chinh xac ting khoang 12% so véi cac hé DEC va IDEC.
Day 1a mot sy tang truang manh vé ACC trén tap dit liéu kho va phic tap FMNIST.

Bang 1. Két qua thir nghiém (ACC) trén tap dix lieu FMINST

Hé thong DEC IDEC Ours
ACC 0.518 0.529 0.647

Hinh 3 md ta db thi d chinh xac cua hé théng caa chling tdi trong qué trinh huan luyeén.

o 1000 2000 3000 4000 5000 6000 7000 8000
teration

Hinh 3. P thi @ chinh xéc ctia hé théng trong qué trinh huin luyén

4. KET LUAN

Trong bai bao nay ching t6i nghién ctru cac mé hinh phan cum dya trén mang
AutoEncoder. Hai md hinh cu thé 1a DEC va IDEC duoc tim hiéu va phan tich danh gia.
Trén co s& do, chung t6i d@é xudt cai tién ham muc tiéu cho DEC dé hoat dong hiéu qua va
cho két qua phan cum chinh xac hon. Két qua thir nghiém trén tap dir liéu FMNIST cho
thdy mo hinh cta chung t6i hoat dong kha hiéu qua, cho do chinh xac ting khoang 12% so
v6i DEC va IDEC. Trong cac nghién ciru tiép theo, ching t6i du kién khai thac cac y
twong cic mang ting cuong dé gitip mé hinh hoc cac ddc trung tét hon. Cac ham muc tiéu
moi cling duge nghién ciru tich hop vao hé thong.
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A NEW LOSS FUNCTION FOR DEEP EMBEDED CLUSTERING
Trinh Thi Anh Loan, Pham The Anh, Nguyen Van Cuong, Bui Luong Vu Ngoc

ABSTRACT

Data clustering is an unsupervised machine learning method that has many
practical applications, especially in the era of data explosion. This article studies
clustering models based on deep learning neural networks, focusing mainly on
AutoEncoder models such as DEC, IDEC. Specifically, the study concentrates on
improving the loss function of DEC so as to force the model to learn discriminated
features sharing high correlation to clustering task. Experimental results on a hard and
complicated dataset (i.e., FMNIST) show the effectiveness of the proposed loss function
compared to other state-of-the-art clustering models.

Keywords: Data clustering, deep neural network, AutoEncoder, deep embedding
clustering.
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