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PHAN CUM DU LIEU DUA TREN MANG NO RON HQC SAU
Pham Thé Anh?, Nguy&n Hoang Long?, Nguyén Vin Cwong’, Hoang Anh Cong?
TOM TAT

Phan cum di ligu (clustering) 1a bai todn co ban cua linh vuc khoa hoc may tinh va
¢ nhiéu #ng dung trong thyec tién, dac biét 1a phan tich di lidu lon va khai pha di liéu.
Céc thudt toan phan cum truyén thong nhw K-means, MeanShift da duwoc ing dung trong
nhiéu ndm qua nhwng van ton tai nhiéu han ché lién quan d@én ds chinh xac phan cum. Bai
b&o nay nghién cizu cac méd hinh mang no ron hoc sau, cu thé 1a mang AutoEncoder dé
giai quyét bai toan phan cum. Két qua thuc nghiém trén co sé di liéu chudn cho hé thong
c6 d¢ chinh xac phan cum cao vuot tréi so véi cac phirong phép truyen thong.

Tur kKhoa: Mang AutoEncoder, phan cum di liéu, mang no ron hoc sau.

1. PAT VAN BE

Cho trudc mot tap dit liéu bat ky, bai toan phan cum dir liéu thuc hién chia tap dir
licu cho trugc thanh cac cum sao cho cac mau dir liéu trong mdi cum sé coé cung cac dic
trung nao d6. Mot cach 1y twang, cac mau dit liéu trong mdi cum s& gidng nhau nhat co thé
Vvé mit cac dic trung tiém an (latent features). Bai toan phan cum dit liéu c6 rat nhiéu ung
dung trong thyc tién nhu phan tich dir liéu 16n, khai pha dix liéu, phan viing anh, hd tro ra
quyét dinh. Dac biét, phan ving anh 1a mot wng dung cu thé cua phan cum dit lidu va dugc
ng dung rat hiéu qua trong cac bai toan nhu tra ctru anh dya trén noi dung, phan tich noi
dung anh, hiéu anh, mé ta dic trung, nhan dang dbi tuong. Phan ving anh yéu cau cac
diém anh trong mdi ving phai c6 cung tinh chat dic trung (vi du dya trén mau anh, két
ciu, hinh dang, hay chuyén déng,...) va c6 tinh lién thong v6i nhau. Tuy nhién, bai toan
phan cum dir liéu thi khéng yéu cau tinh chit lién thong d6. Cac diém dir liéu trong moi
cum thudng ¢ chung cac tinh chat hoic trong tu nhau.

Cac thuat toan truyén thdng cho bai toan phan cum duogc dé xuit tir rat som va tiéu
biéu 1a K-means [1], MeanShift [2]. Mdi thuat toan c6 wu diém, thé manh va han ché riéng.
Ching han, K-means yéu cau tham sb dau vao 1a s luong cac cum. Ngoai ra, K-means chi
thich hop véi dix liéu c6 phan bb dang hinh khéi cau do ham muc tiéu st dung do do
Euclidean. MeanShift khong yéu cau biét truéc sé lwong cac cum nhung ¢ han ché vé do
chinh xac va téc do xu ly cao.

Trong thoi gian gan day, v6i sy phat trién va tién bo manh mé caa cong nghé mang
no ron nhan tao hoc sau, cac giai phap hién dai cho bai toan phan cum da dugc nghién ctu
va phat trién dya trén kién tric mé hinh AutoEncoder. Két qua thir nghiém ban dau cho
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thdy tiém ning cua linh vuc nghién ctu mai nay la rat Ion va thuyét phuc. Do vay, trong
bai bao ching ti nghién ctru v& mang no ron hoc sau, cy thé 1a cac mang AutoEncoder, va
ng dung dé xay dung kién tric mang pht hop cho bai toan phan cum dir liéu.

2. TONG QUAN TINH HINH NGHIEN CUU
2.1. Phwong phap phan cum truyén thong

Thuat toan K-means [1] 1a mot thuat toan phan cum phé bién nhét trong nhiéu linh
vuc khac nhau nhu xir ly tin hiéu, xir ly anh, thi giac méay va may hoc. Trong nhiéu nim
qua, K-means van la thuat toan phan cum phé bién va mic dinh duoc sir dung trong nhiéu
ng dung khac nhau. Tu tuéng chinh cua K-means d6 1 phan cum cac phan tiz (sample
points) thanh K cum khac nhau sao cho c&c phan tir trong mdi cum s& giéng nhau nhat c6
thé. Vé ly thuyét, cac phan tir co thé 1a bat ky ddi twong gi mién Ia ton tai mot do do
khoang cach trong khdng gian vector (vector space) gitta hai dbi twong. Trong thuc té,
chung ta thuong lam viéc véi cac phan tir thudc khong gian thuc va thuong duoc biéu dign
bai mét diém (point) trong khong gian nay. Mdi cum trong thuat toan K-means s& dai dién
cho mot nhém cac phan tir va duge dic trung boi phan tir tam caa cum. Tam cua cum dugc
tinh bai phan tir trung binh cia cac phan tir thugc cum d6. Cac phan tir thuoc mot cum sé
c6 cting mot tinh chat nao d6 va dugc cu thé héa biang do do khoang céch tir phan tir do
dén tam cum. MJi phan tir s& dwoc gan vao cum cd tdm gan hon bat ky cum khac. Thuat
toan K-means dua trén tu twong t6i wu hoéa ky vong EM (Expectation-Maximization) Ia
mét tha tuc 13p gdm 2 pha chinh: tinh toan cac tm va cap nhat cac cum. K-means c6 wu
diém hoat dong kha hiéu qua, nhung c6 thé roi vao diém téi wu hoa cuc bo va cho két qua
khéng t6t. Ngoai ra, thuat toan yéu cau phai ¢ mot tham sé dau vao la sé luong tam cum.

MeanShift 1a mot thuat toan phan cum cho két qua khé tdt, duoc dé xuét tir nam
1975 boi Fukunaga va Hostetler [2] nhung khong dugc st dung rong rai nhu K-means.
MeanShift ¢6 nhiéu tng dung thuc té trong linh vyc thi gidac may nhu phan ving anh,
theo vét ddi twong (object tracking), tach ddi twong... Muc dich ban dau cua thuat toan
MeanShift Ia do tim cac vung c6 mat d6 day trong mot tap dir liéu. N6i mét cach chinh
x4c, MeanShift do tim cac diém c6 tan suit xuat hién cao (con goi 1a cac "modes hay
"local maxima™) trong mot ham phan bé xéac suat (PDF - probability density function).
MeanShift khong yéu cau tham sé truyén vao 1a s luong tdm cum, cho két qua phan
cum kha tét. Tuy nhién thuat toan c6 hai nhugc diém lién quan dén viéc chon kich thudc
ctra s6 phan cum va do phuc tap tinh toan cao.

2.2. Phuong phap phan cum dwa trén mang no ron hoc sau
2.2.1. Kién truc tong quét cua hé théng phan cum

Theo céc tac gia trong [3], kién tric tong quan mot hé théng phan cum duya trén
mang no ron hoc sau cd thé dugc mo ta trén hinh 1 gém cac thanh phan nhu sau:

Thanh phan mang chinh hay mang co s& (main/baselinenetwork branch);

Thanh phan cac ham muc tiéu;

Thanh phan huan luyén va cap nhat cum.
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2.7 Re-run clustering
(optional)

2.1 Main network | 2.2 Features 2.3 Side branch with

Input—> : \ ;
P branch for clustering non -clustering loss

2.4 Clustering loss 2.6 Cluster updates

Hinh 1. Kién tric tong quat hé théng phan cum dwa trén mang no ron hec sau [3]

Céc thanh phan trén duoc trinh bay chi tiét nhu sau.

i) Mang co so: dugc tao thanh tir mang no ron hoc sau cé tac dung bién ddi dix licu
dau vao sang khong gian méi (Embedded Feature Space) thuong ¢ s chiéu nho hon nhiéu
S0 V6i s6 chiéu trong khong gian gbc. Pau ra ciia mang ndy s& 1a vector dic trung c6 kha
nang biéu dién, tém tit, md ta co ban cac théng tin quan trong an chira trong dit liéu dau vao.

if) Ham muc tiéu: ham muc tiéu dong vai trd quan trong cua cac hé théng hoc su.
Céac ham muc tiéu c6 nhiém vu diéu khién, dinh huéng qué trinh hoc dé giai quyét mot bai
toan cu thé nao do. Trong bai toan phan cum, cdc ham muc tiéu thuong duoc chia lam hai
loai sau:

Non-clustering Loss (NCL): Nhu tén goi cua nd, cac ham muc tiéu NCL khdng can
phai c6 mbi lién hé véi myc tiéu phan cum. Trong hau hét truong hop, ham NCL phd bién
duoc sir dung la ham téi tao (Reconstruction Loss) dung trong cAc md hinh AutoEncoder.

Clustering Loss (CL): Ham muc tiéu nay duoc sir dung dé giup dinh huéng mé hinh
trong qua trinh hoc s& khai thac cac didc trung co lgi cho bai toan phan cum nhat cd thé.
Céc ham muyc tiéu phé bién thuong duoc sir dung bao gom:

Ham muc tiéu K-means [4]:

N K
LOY= ) D sullz— il

i=1 k=1
Trong d6: K 1a s6 cum dix lidu, N 1a tong sb diém dir liéu, z; 1a vector dic trung
trong khong gian méi cua diém dit lidu x;, p 12 tdm cum thu k, sy, 1a bién logic nhan gia
tri 0 hodc 1 nham thé hién diém dix liéu z; c6 thudc tam p,, hay khong.
Ham muc tiéu CAH (Cluster Assignment Hardening loss): Céc tac gia trong [5] dé
XUt viéc dung gia tri mém dé gan cac diém vé tdm cum (Soft Cluster Assignments). Nghia
13 s, s€ khdng nhan gi& tri 0 va 1 ma la mot gid tri trong doan [0, 1].

2.2.2. M6 hinh phan cum DEC (Deep Embedded Clustering):

DEC [4] gom hai giai doan nhur sau:
Giai doan 1: Khai tao cac tham sé bang cach sir dung mang Deep Autoencoder.
Giai doan 2: T6i wu cac tham sé (phan cum).
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M6 hinh mang DEC duoc dé xuat c¢d kién tric nhu sau:
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Hinh 2. Kién tric mang DEC [5]

M6 hinh Autoencoder trong kién triic mang DEC sir dung ham muc tiéu c6 tén goi la
tai tao (Reconstruction Loss) ki hiéu 1a L, dung dé do sy sai khac gitra dit liéu goc dau vao
va dir liéu sau khi qua Decoder tai tao lai. Cong thic phd bién caa ham muc tiéu nay
thuong 1a dung d6 do khoang cach L2 nhu sau:

L = dag(x f(x) = Zillg — £ G

Trong d6: xi 1a mot diém dir liéu dau vao, f(xi) 1a diém dix liéu tai tao tir thanh phan
Decoder cua X;.

Théng thuong md hinh Autoencoder sir dung ham L, chi ¢6 chirc ning ding dé khir
nhiéu cho dit liéu. Bé thuc hién phan cum dix liéu, c4c tac gia sir dung thém mot ham muc
tiéu dinh huéng phan cum dya trén d6 do khoang cach KL (Kullback-Leibler) dé do
khoang céch giira phan b xac suat phan cum mém vai mot phan bd xac suat dich dé diéu
huéng quéa trinh hoc. Cu thé, phan cum mém gitta cac diém di liéu zi va tdm cum y;j, dugc
tinh theo cdng thurc sau:

a+1
Ot la—wl/e)
ij —a+l
(1 +lz - #j'"z/“) ’
Trong dé: gijduoc hiéu 1a xac suat dé diém dir ligu zi thugc tam cum j, gijnhan gia
tri trong doan [0,1].
Nhom tac gia dé xuat can tinh chinh viéc ldp di lap lai phan cum bang céach hoc tir
mot phan bd xac suat dich pijdé diéu huéng g tién gan giéng véi pij. Ban chat la cuc tiéu
hoa ham L.:

p..
L=mwu®=2£mm%;i

ij
Diéu quan trong la can xac dinh dwgc pj. CAc tac gia mong muén xac dinh pjj dé co
nhitng thudc tinh sau:
Tang cudng kha nang du doan (cai thién do tinh khiét caa cum): Xac suat cua g cao,
gia tri gijgan 0 hodc 1 dé xac dinh rd diém zi c6 duoc gan vé tm pj hay khong?
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Uu tién hoc tir cac diém co do ty tin cao (qgij cao) dé ting kha ning phan 16p cac
diém c6 do tu tin thap (cac diém kho).

Chuan hod gia tri dong gop cua cac dieém dé giam sy anh hudng cua cac cum 16n.

C4c tac gia dé xuat cong thuc tinh pij nhu sau:

b = a5/ 1
TS al

Mb hinh DEC cho két qua phan cum kha 6t nhung qué trinh huan luyén phirc tap do
ap dung phuong phap huan luyén thu cong ting tang. Ngoai ra, mang AutoEncoder sir
dung cac tang két ndi day du nén do phuc tap tinh toan I6n.

3. PHAN CUM DUA TREN MANG NO RON HOC SAU

Trong phan nay chlng t6i nghién ciru va danh gia thuc nghiém maot s6 mé hinh hoc
su tién tién cho bai toan phan cum. Cu thé, ching t6i nghién ciu hai mé hinh DEC [5] va
IDEC [6]. Khac vai cac nghién cau goc [5][6], dong gop chinh trong phan nay la thyc hién
cac nghién ctru nham danh gia hiéu ning ciia cac mé hinh trén bang cach phan tich hiéu
ning cua ting thanh phan mang. Ngoai ra, chung t6i cling thay thé cac mang két nbi day
du FC (Fully Connected) bang cac mang nhan chap CNN (Convolutional Neural Network)
nham giam d¢ phic tap mo hinh va khai thac tinh twong quan cia cac diém anh. Dit liéu
thir nghiém 1 c4c tap STL-10 [7] va Cifar-10 [8]. Cu thé, ching t6i thuc hién cac nghién
ctru hiéu nang sau cho 2 mang trén:

Pau vao cua DEC, IDEC 1a cic vector dic trung (4096 chiéu) dwoc trich chon tir
mang VGG16 (dd duoc tién huan luyén trén tap di lieu ImageNet [9]).

Pau vao caa DEC, IDEC la dir liéu anh khdng qua tién xir ly.

Thay thé cac mang két ndi day du trong DEC bang mang nhan chap CNN.

Dung truc tiép dau ra cua VGG16 va lam min boi ham muyc tiéu dinh huéng phan cum.

3.1. DEC, IDEC véi diu vao dwgc tién xir Iy béi VGG16

Ca DEC va IDEC déu dya trén mo hinh AutoEncoder dé bién d6i dau vao sang
khong gian dic trung moi (embeded feature space). Vé co ban, mot md hinh AutoEncoder
goém 2 phan: Encoder va Decoder. Phan Encoder bién ddi dit liéu dau vao sang khong gian
méi (thuong c6 sé chiéu nho). Phan Decoder c6 tac dung tai tao dir liéu nguoc lai tir khéng
gian mai vé khdng gian goc sao cho dir liéu tai tao gidng nhat co thé véi dit lieu goc. Do
vay, hé théng sir dung ham muc tiéu c6 tén goi 1a tai tao (Reconstruction Loss), ban chat Ia
do su sai khac giira tin hiéu tai tao va tin hiéu goc. Cong thic phd bién caa ham muc tiéu
nay thuong la dung d¢ do khoang cach L2 nhu sau:

L= dAE(xi»f(xi)) = Yillx; — f(xi)”Z

Trong dé: xi 12 mot diém dir liéu dau vao, f(xi) 1a diém dir liéu tai tao tir thanh phan
Decoder cua xi.

Céc tang mang cua DEC va IDEC déu dua trén mang két ndi day du. Pé ting do
chinh xac va giam do phuc tap tinh toan, cac tac gia cd thé tién xu ly anh dau vao bang
cach cho dir liéu anh vao mang VGG16 [10] (da duoc huan luyén trén tap di liéu I6n
ImageNet) dé trich chon vector dic trung (4096) chiéu. Hinh 3 minh hoa kién tric tong
quat ctia cach tiép can nay.
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Hinh 3. Kién tric h¢ théng DEC, IDEC va VGG16
Cau hinh mang va tham sé mang duoc giit nguyén nhu trong cac bai bao gdc cua
DEC, IDEC. Két qua phan cum dugc do bang d6 chinh xac ACC duoc tinh nhu sau:

> oimq Ml = m(c)}

T

ACC — max
T

Trong do [; 1a nhan ding cta diém dit liéu thir i, c; 1a nhan dugc gan cua diém dit liéu
thir i cho mét cum béi thuat todn phan cum, m dai dién cho tat ca cac phép gén gitra cac cum
va cac nhan dung cua dir lieu. MGi phép gan s& gan mot nhin ding cho mot cum twong (ng.

Do chinh x4c ACC so sanh két qua cua thuat toan phan cum khéng giam sét
(unsupervised clustering) véi két qua cia phan cum dung (ground truth) duge xac dinh
trude. ACC gitp danh gid mac d6 khop giira hai phan cum va cho biét mirc do hiéu qua
cua thuat toan.

Két qua thuc nghiém trén hai tap dit liéu STL-10 va Cifar-10 duogc thé hién trén hinh
4 va hinh 5. Trén ca hai tap dit liéu IDEC két hop véi VGG16 cho do chinh xac phan cum
t5t hon DEC+VGG16. Khoang cach khac biét v& do chinh xac khoang 0.1-0.15. Diéu nay
c6 thé dugc giai thich bai IDEC da t6i wu dong thoi ca hai ham muc tiéu: ham dinh huéng
phan cum va ham huan luyén mé hinh AutoEncoder. Ngoai ra, ca hai hé théng déu giam
hiéu nang (d6 chinh xac) khi lam viéc trén tap Cifar-10 khoang 30%, nhiéu kha ning 13 do
tinh da dang va phirc tap caa ndi dung tap dix liéu Cifar-10 so vai STL-10.

STL Dataset

0.95 A

0.90 4

0.85

Accuracy

0.80 -
0.75 -

0.70 1
—4— IDEC

--®- DEC

T T u v T T
25 50 75 100 125 150

Hinh 4. P$ chinh xé4c ciia DEC va IDEC khi két hgp VGG16 trén tap dir liéu STL
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Cifarl0 Dataset
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Hinh 5. P9 chinh xac cia DEC va IDEC khi két hop VGG16 trén tap dir liéu Cifar-10

3.2. DEC véi dau vao la dir liéu anh géc

Trong phan nay, chung t6i danh gia hiéu ning cua DEC véi dau vao la anh khong qua
tién xtr 1y. Nghia 14, hé thdng khéng dang thanh phan VGG16 nhu mé ta trén hinh 3. Pong
thoi, ching t6i ciing so sanh hiéu ning khi ding DEC véi ting két ndi day du FC va tang
nhan chap CNN. Két qua thuc nghiém trén hai tap di liéu STL-10 va Cifar-10 duoc thé hién
trén hinh 6 va hinh 7. Cu thé, két qua trén hai tap dir liéu kha gidng nhau va thé hién do
chinh xé4c twong duong giita viéc ding FC hay CNN. Tuy nhién, khi diing tang CNN, chang
han xét trén tap dit liéu STL-10, thi mé hinh s& ¢6 s6 lwong tham sb (0.4 triéu tham sb) nho
hon so vai khi ding ting FC (15 triéu tham s6). Két qua trén hinh 6,7 ciing cho thiy do
chinh x&c phan cum giam manh khi mé hinh hoat dong truc tiép trén di liéu 1a anh dau vao.
So vai két qua trén hinh 4,5 chiing ta c6 thé thay do chinh xac ACC giam khoang 40%-60%,
nguyén nhan la do mang VGG16 da dugc tién huan luyén trén tap di ligu ImageNet c6 s
lwong anh rat 16n (hang triéu anh). Do vdy, md hinh da duoc hoc day du céc dac trung co sé
cua céc 16p dbi turong trong ImageNet. Néu khong diung VGG16 dé trich chon vector dic
trung co s&, cac md hinh FCDEC hay CNN-DEC s& duoc huan luyén tryc tiép trén tap dir
liu STL-10 va Cifar-10 vén c6 sé lugng anh kha nho (khoang 5000 anh). Do vay, md hinh
s& bi giGi han vé d6 chinh xéac do chwa dugc huan luyén mot cach déy du.

STL Dataset
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Hinh 6. P§ chinh x4c cia CNN-DEC va FcDEC trén tap dir li¢u STL
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Cifar Dataset
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Hinh 7. P§ chinh xac cia CNN-DEC va FcDEC trén tap dir li¢u Cifar-10
3.3. DUNg truc tiép cac dic trung cia VGG16

Trong phan nay, ching ti khong stir dung DEC va IDEC ma dung truc tiép dau ra
cia VGGI16 1am dau vao cua thuat toan phan cum K-means. Kién tric cua cach tiép can
nay dugc mo ta trén hinh 8.

Anh

sée [—*veeis— K-means

Hinh 8. Kién tric hé thong phan cum chi dung VGG16
Két qua thyc nghiém cua VGG16 trén hai tap dit liéu STL-10 va Cifar-10 duoc thé
hién trén bang sau.

Bang 1. P chinh xac phan cum (ACC) khi sir dung truc tiép cac dic trung trich chon véi
md hinh tién huén luyén VGG16

Hé thong STL-10 Cifar-10
VGG16 0.77 0.58

Két qua nay cho thay mic dung sir dung truc tiép dau ra cia VGG16 nhung do chinh
x4c phan cum van kha an tuong (ACC = 0.77 trén STL-10 va ACC = 0.58 trén Cifar-10).
Diéu nay mot 1an nira khang dinh vai trd cua dix liéu trong huan luyén cac mang no ron hoc
sau la kha quan trong. VGG16 1a mot mang co ban nhung da sau va c6 sé luong tham sb
I6n. Bé huan luyén day da mang VGG16, chling ta can nhiing tap dit liéu l6n va phong
phii nhu ImageNet. Khi d6, VGG16 c6 kha ning hoc nhitng dic trung ndi bat caa mdi 16p
dbi tugng va cé kha nang tong quat hda cao. Vi vy, cac dic trung ma VGG16 trich chon
trén hai tap dit liéu STL-10 va Cifar-10 van rat hitu ich dé phuc vu cac bai toan thi giac
may khac, trong truong hgp nay la bai todn phan cum di li¢u.

12
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4. KET LUAN

Trong bai bao nay, ching tdi nghién ciu vé cac md hinh mang AutoEncoder va tng
dung trong bai toan phan cum dit liéu. Cac md hinh tién tién hién nay 1a DEC, IDEC déu
hoat dong dua trén viéc xay dung cac mé hinh AutoEncoder dé bién ddi dir liéu dau vao
sang khong gian dic trung tiém 4n moi. Sau o, cac dic trung nay tiép tuc dugc 1am min cho
bai toan phan cum bang cach sir dung mét ham muc tiéu dinh huéng phan cum. Cac ham
muc tiéu phd bién duoc thiét ké dua trén ham KL hodc K-means. Bai bio nay ciing chi ra
mot diém méi do 1a viéc dung don 1é cdc mod hinh DEC hay IDEC tryc tiép trén dit liéu dau
vao thi do chinh xac phan cum khé thap. Nghién ctru nay ciing chi ra rang vai trd cua cac
tang FC va CNN 1a twong dong vé d6 chinh xac, ngoai trir c6 su khéc biét vé do phic tap
tinh toan (CNN ¢6 lgi thé hon). Do viy, dé cai tién hiéu ning, viéc dung két hop DEC hay
IDEC vé6i mot mang no ron hoc sau (chang han VGG16) di dwoc tién huan luyén trén mot
tap dit liéu du I6n s& mang lai nhitng két qua rat an twong. Cudi ciing, nghién ctiu nay chi ra
rang, chdng ta c6 thé st dung tryc tiép cac dic trung duoc trich chon tir mang VGG16 (da
duoc tién huan luyén trén ImageNet) dé 1am dau vao cho mét thuat toan phan cum truyén
thong (ching han K-means) va ciing dat duoc d6 chinh xéc khé an tuong. Trong céc nghién
ctiu tiép theo, chiing t6i s& tim hiéu tich hop céc kién tric mang méi dé cai tién do chinh xac
cua bai toan phan cum.
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DATA CLUSTERING BASED ON DEEP NEURAL NETWORKS

Pham The Anh, Nguyen Hoang Long, Nguyen Van Cuong, Hoang Anh Cong
ABSTRACT

Data clustering is a fundamental problem in the field of computer science and has
many practical applications, especially in big data analysis and data mining. Traditional
clustering algorithms such as K-means, MeanShift have been applied for many years but
still have many limitations related to clustering accuracy. This paper investigates deep
neural network models, specifically AutoEncoder networks, to address the clustering
problem. Experimental results on standard datasets demonstrate that the system achieves
significantly higher clustering accuracy compared to traditional methods.

Keywords: AutoEncoder, data clustering, deep neural network.
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