PHAN CUM TRU'C QUAN TAP CAC BAI BAO KHOA HQC
THEO MO HINH NGUYEN TU TRONG KHONG GIAN BA CHIEU

Visually clustering research papers using an atom model in 3D space

Tém tit

Bai bdo ndy dé xudt mét cdach tiép cin méi dé
xdy dwng mot hé théng phdan cum triec quan bang
hinh anh 3D cho viéc phdn nhom cdc bai bao khoa
hoc bang cdch sir dung két hop hai kj thudt trong
linh vuee tri tué nhdn tao la SOM va k-means. Cu
thé, SOM sé doéng vai tro cho viéc cung cdp mét
hinh dnh tryc quan d@é quyét dinh tham sé K cho
thudt toan k-means tié}) theo. Mot thiét ké do thi sé
thé hién cdc cum ma méi cum dwoc dai dién béi
mot hat nhan (tam cua cum) va cdc dién tir (cdac
bai bao) bao quanh. Cac dién tir sé€ quay quanh hat
nhdn bang cdc liec hdp dan. Bén canh d6, ching t6i
str dung ky thudt ArcBall trong linh viee d6 hoa mdy
tinh ba chiéu dé hé tro sw tuwong tdc nguoi db‘mg
Duea trén hé thong nay ngum dung c6 thé thuc
hién ddanh gid sw thong nhdt vé cdu triic cum theo
cach don gian hon cdac phwong phap truoc day.

T khoa: phan cum, truc quan hoa, tri tué nhan
tao, do hoa ba chiéu, twong tac nguoi dung.

1. Giéi thiéu

Su phan cum 1a mot trong nhimg ky thuat rat
can thiét cho viéc kham pha tri thirc nhan loai. N6
gitip cho chung ta tach cac nhém dbi twong tir tap
dir liéu dwa trén cac dic tinh twong dong trong
nhom. Ngay nay, cac k¥ thuat phan cum dugc st
dung rong rai trong cac ung dung nhu khai pha dir
liéu, xtr Iy 4nh, nhén dang mau, théng ké, tin sinh
hoc va cac linh vyc khac. Bén canh d6, ap dung cac
k¥ thuat truc quan trong viéc phan tich cum dir li¢u
rat quan trong trong viéc thé hién xu hudng cua
cac tap dir liéu, n6 cho chung ta cai nhin tong quan
cling nhu sy hiéu biét chi tiét v& tap dir liéu. Hién
nay, nhiéu nghién ciru di va dang tap trung vé van
dé phan tich truc quan cc cum rat thanh cong nhu
Grand Tour, OPTICS, HD-EYE, H-BLOB, Star
Coordinate (Ankerst, Mihael; Grinstein, Georges;
Keim, Daniel;, 2002), SOM-based techniques
(Kohoren, 1997), HOV3 (Zhang, Ke-Bing; Orgun,
Mehmet A; Zhang, Kang;, 2006).
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Abstract

This paper proposes a new approach to
construct a visually clustering system with 3D
image for scientific papers by using two combined
techniques in the field of artificial intelligence,
which are SOM and k -means. Specifically, the
SOM will play an important role in providing a
visual image in order to determine parameter K
for k-means algorithm in the next step. A graph
layout is designed to show the clusters, each of
which is represented by an atomic nucleus (the
center of cluster) and electron (the papers) around.
The electron will orbit the nucleus by the force of
gravity. In addition, ArcBall techniques (in 3D
computer graphics field) are used to support user
interaction. Based on this system, users are able to
evaluate the unification of Cluster’s structure in a
simpler way than in the previous ones.

Key words: clustering, visualization, artificial
intelligence, 3D computer graphic, userinteraction.

Trong bai bdo ndy, chung t6i dé xuidt mot
thiét ké dd hoa truc quan ba chiéu goi 1a mo hinh
cAu trac nguyén tir cho viéc phan cum dir lidu. M6
hmh nay st dung giai thuat SOM dé woc luong
s6 cac cum can duoc tach ra tir tip cac tai lidu n01
chung va céc bai bao khoa hoc ndi riéng (dugc viét
bang tiéng Anh) c6 dinh dang PDE. Sau do, dwa
trén mo hinh khong gian vector, cu thé 1a vector
tf-idf, chung t6i st dung thudt toan k-means dé
tach tdp dir liéu thanh k nhom. Cudi cung cac
cum s€ dugc truc quan hda thanh dang cac clu
tric nguyén tr trong khéng gian ba chiéu. De don
gian, chung t6i to chirc mot nguyen tir ¢6 toi da
nim mirc ning luong duoc tinh bing do twong
ddng Cosin giita cac vector dién tir va hat nhan.

Céch tiép can clia bai bio nay s& giai quyét
duoc cac van dé sau:

- Tht nhét, hién thi dugc tap cac vector nhiéu
chiéu (I6n hon 1000) trong khong gian ba chiéu,
trong do thé hién 15 su phan phéi dit liéu, mdi quan
hé gitra mdi tdm cta cic cum ciing nhu giita cac
bai bao khoa hoc vdi1 nhau.
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- Thit hai, phuong phép tiép cén ciia chiing t6i
tranh dugc lya chon tuy y cac cum k boi sy Kkét hop
ciia SOM va K-means. Do d9, m6 hinh nay cung
cap cho ngudi dung mot phuong phap truc quan c6
muc dich va cé hi€u qua vao viéc phéan tich cluster.

- Thir ba, ¢6 thé vuot qua giéi han cua khong
gian khi so sanh v6i cac phuong phap 2D trudce
d6 bang cach sir dung k¥ thuét arcball dé tuong
tac. N6 tao cho chung ta cam giac nhap vai vao hé
thdng va thao tac ting ddi tuong giéng nhu choi
game 3D hay str dung cac hé thong thuc té 4o - vi
du CAVE (Cruz-Neira C; Sandin D.; DeFanti T.;
Kenyon R.; Hart J.;, 1992).

Trong céc phan sau, chiing toi t6 chirc cu tric
bai bao nhu sau: phan 2 - tong quan cic két qua
nghién ctru trudc day, phan 3 - phuong phap thuc
hién, phan 4 - danh gia két qua va phan 5 - két luan.

2. Tong quan cac két qua nghién ciru truée diy

Pé xay dung duoc bd cong cu phan tich cac
cum truc quan, nhiéu ky thuat da dugc nghién
ctru cho cic qué trinh biéu thi truc quan cac ddi
tuong tr mot tdp dit li€u 1€n man hinh may tinh.
Point-based techniques, line-based technique,
region-based technique, hierarchical techniques
(Ward, Matthew; Grinstein, Georges; Keim,
Daniel;, 2010) 1a nhitng k¥ thuat phd bién ding
dé tryc quan hoa cac tap dir liéu nhiéu chiéu. Tuy
nhién, hau hét chung déu gip kho khan khi truc
quan cac tdp dir li€u kha 16n ciling nhu dir liéu
¢ chiéu cua vector rat cao. Mot vai k¥ thuat bi
gidi han trong viéc cung cép mot su nhan thic
rd0 rang tur cac dang truc quan cho nguoi dung.
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Hinh 1. Qud trinh truwc quan thong tin (Ware, 2004)

Trong thap nién qua, nhiéu ky thuat phan tich
cum tryc quan dd dugc phat trién, chéng han
nhu Grand Tour, OPTICS, HD-EYE, H-BLOB,
Fastmap, Star Coordinate, SOM-based techniques,
HOV3,... Nhin chung, cac k¥ thuat nay gop phan
quan trong trong viéc phan tich cac cum va c6 thé
giai quyét duoc cac khia canh quan trong ctia viéc
nhén thic tryc quan:

- Truc quan céc dir liéu 16n va da chiéu;

- Cung cap mdt cai nhin tong quan rd rang va
chi tiét v€ cau tric cum;

- C6 d6 phirc tap tinh toan tuyén tinh trén viéc
anh xa dir liéu tir khong gian chiéu cao sang chiéu
khong gian thip hon;

- Hd tro twong tac dong véi cac dai dién truc
quan cta cum;

- Két ndi kieén thtc lién quan cua cac chuyén
gia vao linh vyc tham do vao cum;

- Cho nguoi dung cac chi dan c6 muc dich va
chinh x4c cta viéc khao sat/diéu tra cac cum ciing
nhu hop 1€ hoéa cac cum chir khong phai chi don
gian 1 thim do cum ngau nhién.

Hau hét cac k¥ thuat trén giai quyét duoc cac
yéu cau nay nhung chiing van con han ché khi kich
thudce va chiéu cua tap dit li€u kha 16n. Hon nira,
mot vai ki thuat trén gip kho khan khi cung cap
mot cai nhin tong quan sang stia clia cau tric cla
cum cling nhu muc do dé st dung danh cho cac
nguoi dung.

3. Phuong phap thuc hién

Nhu da giéi thidu, dé giai quyét cac han ché
trén, ching t6i d& xuét giai phap truc quan bing
mot thiét ké dd thi truc quan ba chiéu ¢ hd trg
tuong tac dua theo ciu tric nguyén ti.

Cac budc thuc hién nhu sau:
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Hinh 2. Quy trinh xdy dung hé thong

Budre tién xir Iy:

Sau khi tach cac ky tu tur file dinh dang PDF,
nhiém vu tiép theo 14 ché bién tir vung. V& co ban,
chung ta cin ba hoat dong: loai bo cac tir vo nghia
hodc tir khong mang thong tin trong ngit canh can
xem xét (stop-word), chuyén cac tir v& dang gbc
(steamming), va tinh trong s6 cua timg tir so Vi
cac tur khac (term weighting).

Cac budc loai bd “Stop Words” va “Steamming”
s€ giap ching ta giam kich thudc cia tap tir vung,
do d6 s& tiét kiém dugc ngudn tai nguyén tinh toan.
Bai vi tip céac bai bao khoa hoc diu vao duge viét
bang tiéng Anh nén n6 khong kho dé ap dung giai
thuat tim gdc tir; cu thé giai thuat Porter stemming
(Porter 1980) hién duoc sir dung rat hiéu qua cho
mot sb ngon ngit nhu tiéng Anh mic du chua hd
trg duwoc nhiéu ngdn ngit trén thé gidi. Chung ta s&
that su gap kho khén néu tap cac bai bao dugc viét
bang tleng Viét vi can c6 nhiéu nghlen ctru chuyen
sau ve ngon ngit ty nhién cua tiéng Viét dé tim
duoc tir goc cua chung.

Két qua sau khi loai bo “Stop Words” va
“Steamming” cda tat ca cac tir vung trong tat ca
cac van ban, ta s€ xac dinh dugc mot tap hop duy
nhét cac tir vung, goi 1a Bag-Of-Word. Tiép theo,
ching ta s€ tinh trong s cia cac tur nay (term
weighting). Dé xac dinh trong s6 cua moi tr vung,
ching t6i sir dung mét cong thirc rat phd bién dé
tinh dai lugng Term Frequency Invert Document

Frequency (TFIDF) (Manning, Christopher D.;
Raghavan, Prabhakar; Schutze, Hinrich;, 2009)

tfidf(w) = tf » lng(dr[“ )
|

Trong do6: tf(w): term frequency (sé lan tir w
nay xut hién trong mot tai liéu), df(w): document
frequency (s6 luong tai liéu chira dung tir w nay),
N: Tong s tai liéu.

bai lugng tfidf(w) ndi 1€n sy quan trong cua tur
w trong tai liéu. Tir cong thirc ndy, ching ta tién
hanh tinh gia tri ciia ma tran TFIDF. Trong d6, mdi
hang 1a dai dién mot tai liéu, cac cot 1a gia tri tfidf
cua cac tur trong tap Bag-Of-Words.

Béi vi kich thude cia ma tran TFIDF c6 thé
rat 16n (bang M tai liéu x N term trong Bag-Of-
Words). Thuc té, néu ta c6 mot tap gém 100 bai bao
khoa hoc cua cung mét linh vuc nghién ctru va mdi
bai bao khoang 10 trang thi ma tran TFIDF cé thé
¢6 kich thuée 1a 100x10000. Can chu y rang néu
ta chi dung cac keyword hay chi xac dinh Bag-Of-
Words tir trong phin Abstract ctia bai bao (nhdm
rt gon kich thudc ma tran nay) thi vé mit thong
ké ciling nhu ngit nghia s& dem lai mot két qua
khong chinh xac cho sy khac biét ndi dung gitia
céc bai bao. C6 nhiéu phuong phap dugc dung cho
viéc giam kich thudc ciia ma tran TFIDF, trong do
k¥ thuat Latent semantic indexing analysis - LSI
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(Manning, Christopher D.; Raghavan, Prabhakar;
Schutze, Hinrich;, 2009) dugc st dung kha phé
bién. N6 1a mot ky thuat théng ké nham cb gin
udc luong cAu trac ndi dung dugc an bén trong van
ban bang cach st dung k¥ thuat dai s6 tuyén tinh
Singular-Value-Decomposition.

LSI rat hiéu qua trong viéc giam chiéu cua tap
dit liéu. Tuy nhién, viéc st dung k¥ thuét nay s€ gap
trd ngai khi ta muén thyc hién truy van tim kiém tur
trong ma tran TFIDF. Vi du tir hinh trén, xét truong

n-dirrmant malny O

hop ta c6 6 van ban (d1, d2, d3, d4, d5, d6) voi Bag-
Of-Words c6 chiéu 14 5 (ship, boat, ocean, voyage,
trip). Sau khi str dung k¥ thuat LSI dé giam chiéu tir
5 thanh 2 thi cac chiéu mai 1a “1” va “2” s& khong
con mang y nghia tuong ung cua “ship”, “boat”,
“ocean”, “voyage”, “trip”. Diéu d6 co nghia la chung
ta khong thé thuc thi truy van dé tim thudc tinh ban
dau, vi du tir “ship” trong ma tran di giam chiéu.
Thuyc té, thi da c6 nhiéu nghién ctru dé giai quyét
van dé nay, tuy nhién ching toi khong dé cap dén
do nam ngoai pham vi nghién ctru ctia bai bao nay.
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Hinh 3. Riit gon ma trin C tir 5D thanh 2D bang LST

Sau qua trinh tién xur 1y, chung ta tiép tuc tién
hanh mo hinh héa va truc quan céc tai li€u dua trén
ma tran TFIDF. Cu theé theo trinh tu nhu sau:

- Xay dung mang No ron nhan tao Self-
ogranizing Map ba chiéu (3D-S.0.M).

- Xay dung Graph layout cho 3D-S.0.M va
hién thi, tir 6 gip ngudi ding can nhic chon s6
nhém can phan cum, ddy chinh 14 théng sé k ding
cho gidi thuat phan cum k-means.

- Ap dung giai thuat k-means dé phan cac
vector trong ma tran TFIDF (dai dién cho mdi bai
bao khoa hoc) thanh K cum. Cac bai bao trong mdi

L

cum thi ¢6 ¥ nghia 1a chung gan giii, tinh twong
ddng gan nhau.

- Xay dung graph layout cho mo hinh.
Chi tiét s& dugc trinh bay sau day.
Xay dung 3D-SOM

Chung t6i xay dung mot ludi ba chiéu dé thé
hién cac noron. Mdi noron ¢6 toa do (X,Y,Z) ,
vector (c6 cung chiéu véi cac vector TFIDF cua
tap dir lidu, cu thé 1a cung chiéu véi vector Bag-
Of-Word) va trong s6. Vi du hinh duéi 1a mét ludi
¢6 27 noron (3x3x3).

Hinh 4. 3D SOM voi 3x3x3 no ron (trdi) va 6 winners (mau do-phii)

Dau tién, chung ta gan toa do duy nhét (liy
tir 3D-Grid) cho mdi noron. Trong s6 ctia noron
W, 1k (d1,d2,d3,....,dn) co gia tri ngﬁu nhién trong
khoang (0,1).

Tiép theo, chiing ta s€ huan luyén moi noron tur

tap hop cac mau (ma tran TFIDF) theo giai thuat
SOM (Kohoren, 1997).

3D-SOM s& gip han ché vé van dé thoi gian
thyc thi khi chiéu cua vector kha 1n ciing nhu
d6 6n dinh cua Mang phu thudc vao sd 1an
lip. Tuy nhién, n6 co6 loi thé 1a Mang Self-
Ogranizing Map c6 thé phan loai dir liéu ma
khong can phai huan luyén lai Mang khi ma
né di 6n dinh.
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Sau khi xdy dyng graph layout va hién thi
3D-SOM, dua véao hinh anh tryc quan nhin thiy
dugc, chiing ta co thé ude lugng duge gia tri K (s6
nhém can duge phan cum) cho giai thuat phan cum
K-means trong budc tiép theo. Theo hinh trén, ta
c6 thé d& dang chi ra K = 3 cho tap dit lidu.

- -

LY

Hinh 5. Lwoi 3D-SOM 10x10x10 ctia 25

Mo hinh cua chung t6i st dung dang cau tric
nguyén tir cho viéc hién thi va tuong tac, vi vay
chung ta can biét tim cua Cum ma no sé& thé hién
nhu 1a hat nhan cta nguyén ti. Trong cac phuong
phap phan cum, chiing ta thiy phuong phap phan
hoach bing k-means (MacQueen, 1967) 1a phu
hop nhét bai vi ta sau khi phan cum, ta c6 thém gia
tri vector 13 tim ctia cum. Cén noi rd thém 14 hién
nay da c6 nhiéu giai thuat cai tién cua K-means (vi
du k-means ++) nhung vi dé don gian nén chiing
toi chi st dung k-means.

M&b hinh dang céu triic nguyén tir cho viéc
phén cum tap tai li€u:

Sau khi xay dung 3D-SOM va K-means, chung
ta s€ tien hanh xay dung mo hinh. Ching ta qui
udc nhu sau:

a) Moi cluster o 1a mot nguyén tir.

Moi nguyén tr 1a dai dién cia mét Cum. Cu thé,
hat nhan 1a Centroil i cia Cum W, céac electron
bao quanh hat nhén la cac vector % (vector TFIDF
cta mot bai bao) trong cung nhoém.

Centroil li cta cluster W:

l"'("“"-:' = ﬁ ER-\_W X

- Khoang cach gitra electron va hat nhén cua
n6 duoc do bang su gidng nhau vé ngit nghia giita
chung (1a hé sb cosin giira 2 vector), con goi 1a
nang lugng cta electron

X .M
2 Nl

- Nhiing electron c6 cung muc nang lugng s€

nam trén ciing quy dao va dugc phan bd déu trén

Engar gyl \:__ll.:l = Pistanoel ¥, ||:_|| =

bé mat ctia mot khdi cau cd ban kinh so véi tm
ctia hat nhan bang murc ning luong cua nd khi hé
thdng & trang thai khong chuyén dong.

- Mdi electron s& c6 cung kich thudc quy udc

- Kich thudc cna nguyén tor = sb electron *
kich thudc electron

b) Néu chiing ta c6 k nguyén tir (clusters):

Su phan bd cua ching s& duoc tinh dwa trén
kich thudce cua n6 (cu the 1a s6 lugng electron — la
cac vector TFIDF cua tai li¢u) theo sau:

- T4t ca hat nhan cua cac nguyén tir dugc bd tri
trén cung mot mat phang.

- Tao ra mt vong tron tudng tugng, chia vong
nay thanh k goc — mdi goc sé& chira mot nguyén
tlr, do 16n mdi goc twong tng ti 1¢ voi kich thude
nguyén tur cia nd. Vector € cua tim vong tron
nay duogc tinh theo cong thure:

1

C= — Yo . X,

|“.|| E}[. Wt
trong d6 W 14 tap tat ca cac vector TFIDF cuia tap
tai liéu, X 1a vector TFIDF cua mot tai li€u trong W.

- Hat nhan cia moi nguyén to (tAm 71 cua
moi cum) s€ nam trén duong phan giac cua goc;
khoang cach cta hat nhan so v4i tdm ¢ cta duong
tron duoc tinh theo cong thirc:

. &
Distarncel n, c) = T T
| |l€]

Luuy, dé dam bao ngilt nghia v€ “tinh twong tu”
nén s€ khong dung cong thuc khoang cach Euclid.

- Dua trén vi tri cua cac hat nhan vira tinh duoc,
ta s€ xac dinh dugc sy phan bd cua céc electron so
v6i hat nhan cua n6 dua trén cong thuac tinh mirc
nang luong nhu da dé cap phan trén.

Vi du minh hoa Hinh 6, chung ta c6 bon Cum
Cl, C2, C3, C4 voi sb electron twong ung nl <
n2 < n3 < n4. Trong hinh bén trai, ching ta co
thé thay rd cac ving s& chira cac nguyén tir duogc
tinh toan dya trén s lugng electron ctia né. Trong
Hinh 6, chiing ta dinh vi tri cac hat nhan cua cac
cum C1, C2, C3, C4 sau khi tinh duoc vi tri cia
hat nhan nguyén tr so v6i tdm cda hinh tron. Luu
¥, khi xay ra sy chong chéo, dan xen giita cac quy
dao cac Cum, mot hé sb ti 1é cAn dugce thém vao
dé dich chuyén cac vi tri hat nhan ra xa tdm vong
tron nham tao ving khong gian cach ly rong hon.
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Hinh 6. Tinh vi tri cho bén clusters dwa trén kich thudc

Nhu d3 trinh bay, mdi nguyén tir s& c6 toi da
nam muc niang luong dé phan b cac electron cua
ching. Sau khi chuén hoa cac gié tri khoang cach tir
mot electron dén hat nhéan theo khoang cach tdi da
qui udc, chiing s& 1a mot s6 thyc nam trong khoang
[0, max_distance]. Trong mdt mirc ndng lugng cu
thé & trang thai tinh, cac electron s¢ dugc phan bd
déu trén mot qua cau ma co tdm 13 vi tri cta hat
nhén va ban kinh chinh la gia tri muc ning lucmg
ctia n6. Bé giai quyet bai toan phan bd déu cac
diém trén mot qua cau, chung t6i tham khao cac
giai phap tir cac dién dan thao luan (Bulatov, 1996).
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Hinh 9. 4 nguyén tir voi 25 electrons (trdi) va 5 nguyén tir voi 200

Theo cach tiép cép nay, chung ta s& c6 duoc
mot cai nhin ddy du dé phan tich timg Cum va
mdi quan hé giita cdc cum. Dya trén khong gian
ba chiéu, su gidi han vé khong gian cho viéc truc
quan héa da dugc xur Iy mot cach hiéu qua.

Truy véin théng tin

Dua vao tinh chét thé hién tai lidu bé'lng vector
(cu thé 1a TFIDF), ta c6 thé xem mot truy vén
la mot vector. Xét vi du voi mdt truy van q=
(visualization, cluster) tur tdp vector tf-idf cua ba
tai liéu nhu sau:

Trudc tién, chiing ta s€ bién do6i truy van nay
thanh vector don vi:

q = (0, visualization, cluster)

q= (0,1,1) — vector don vi

R E

q=(0+0FF 15+ 17 (1, 0707, 0,707

Tinh diém Score (q,d) ciia mdi tai liéu d tmg
v6i truy van q theo cong thirc do tuong tu cosine:
(Manning, Christopher D.; Raghavan, Prabhakar;
Schutze, Hinrich:, 2009)

Score (q,d) = U (9).v Fd}

v (qll | v (d)]

Theo Bang 1, Doc 3 ¢6 Score cao nhét (mg véi
truy Van q= (Vlsuahzatlon cluster) Piéu nay noi
lén rang Doc 3 ¢6 mdi quan hé gan giii nhét véi
truy van nay.
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Bing 1. Két qud tinh diém cho truy vin q

Term Doc 1 Doc2 |Doc3
Computer 0.996 0.993 0.847
Visualization |0.087 0.120 0.466
Cluster 0.017 0 0.254
Score(q,d) 0.074 0.085 0.509

Twong tac:

Chung t6i hién thyc hé thong nay trong khong
gian ba chiéu voi day du tinh ning ctia mot hé thong
truc quan nhu 1a overview, zoom, filter, Detail-on-
demand, relative and extract (Shneiderman, 2010).
Chung t6i chon k¥ thuat Arcball (Shoemake, 1992)
cho cac thao tac trong mot thé gidi 3D mot cach
truc quan boi vi né khong doi hoi cac thiét bi dic
biét ho tro tuwong tac nhu k¥ thuat 3D ball va Tracer.

gty
H-EEiN

iy ;
P Pl

Hinh 8. Ky thudt Arcball

(Ca =t g T s T g s )

4. Panh gia Két qua
Dédanh giahéthéng, chungtaxemxétbatiéuchi:

(1) Tinh tryc quan: tiéu chi quan trong dau
tién 1a sy t6 chirc, sip xép cac ddi tuong trén mot
man hinh may tinh ma n6 phai thoa man cac yéu
ciu vé sy d& hiéu, sy kha dung va su tham my.

Dua trén su t6 chire cac dbi tuong theo mo hinh
nguyén tir, hé thong d& dang thé hién mot cach hiéu
qué cai nhin tong quan ciing nhu mdi quan hé giita
cac ddi twong riéng r& trong tap dir lieu. Két hop
v6i kha ning tuong tac tot, hé thong sé cho chung
ta hiéu duoc nhiéu thong tin hon. Cu thé nhu ching
ta c6 thé so sanh murc d6 tuong ddng gitta cic Cum
dir liéu mot cach gian tiép dya trén khoang cach
ctia cac hat nhan so voi tim chung. Khi mudn tim
hiéu mbi quan hé truc tiép, hé théng nay sé h tro
chting ta so sanh & ché do lugi 3D-SOM.

(2) Thoti gian thyc thi: 1a mot trong nhiing yéu
ciu thiét yéu ctia hé thong. Chung ta xem thoi gian
thuc thi cia cac tac vu sau day:

Bing 2. Thoi gian thue thi cho 3 cum véi lan lwot 25x5052, 50x8865, 100x12348
(béi bdo x sé chiéu ciia vector tfidf)

Tinh toan thoi gian thuc thi tung tac vu 25 x 5052 50 x 8865 100x12348
Xay dung TFIDF O(NxM) 00:00:17.66 00:00:53.93 00:02:36.86
K-means O(IKNM) 00:00:00.23 00:00:00.91 00:00:03.24
SOM O x N x M x) 00:00:24.15 | 00:00:41.16 | 00:02:01.55
NumNeuron®
Phén bd déu trén qua cau | O( I x N?) 00:00:00.03 | 00:00:00.10 | 00:00:00.44
Pon vi: gio:phut:gidy.%giay

I:sb vong ladp, K: s6 cum, N: sd lugng bai bao, M: 36 chiéu Vector cta bai bdo

Thoi gian thuc thi hé thong bang tong thoi gian
cac tac vu. Nhin chung, co thé thay thoi gian tinh
toan cho viéc phan cum tryc quan 100 tai liu chay
trén may CPU Core i5, RAM 8 GB xap xi 5 phut 14
chap nhan duoc. Do khong c6 s6 lidu do ciia cac hé
thong khac nén chua thé danh gia so sanh chung.

(3) Tinh dting din cta giai thuat: nhu da dé cap,
cach tiép can nay sir dung hai giai thuat qua phd
bién 1a SOM va K-Means vén da dugc chirng minh
tinh dung dan. Trong d6, chiing t6i tryc quan hoa
giai thuat SOM dé tao tién dé xac dinh tham s
K cho giai thuat K-means. Nhu vay, h¢ thong van

dam bao tinh dung ddn cua viéc phan cum.
5. Két luan

Heé théng truc quan hoa thong tin 3D nay duoc
chung t6i phat trién nham hd tro viéc phan cum
truc quan tap cac bai bao khoa hoc noi riéng va cac
tai liéu, van ban nodi chung theo md hinh nguyén
tir trong khong gian 3 chiéu, no trg gitp cac nha
khai pha dir liéu trong viéc phan tich Cum véi
mot tap dir li€u co chiéu rat 16n. Céc thi nghiém
da cho thay rang phuong phap tiép can ciia ching
t6i co thé cai thién hiéu qua cua truc quan dé phan
tich cluster. Nhu chiing ta da thiy, hé théng nay
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c¢6 kha ning giup ngudi dung dé dang hiéu duoc  tir tap dit lidu). Két qua 13, véi loi thé cua hé thong
mdi quan hé gitra cac bai bdo khoa hoc trong mot nay, nhitng ngudi khai pha dit liéu c6 thé dé dang
tap hang ngan bai bao. Cong cu nay s& rat hitu ich  wéc tinh s6 lwong cum ciing nhu ¢6 mot hudng
trong viéc hién thi cum va phoi bay nhitng khoang dan hiéu qua cho viéc phan tich dit liéu trong
tréng trong bd dit lidu (xu hudng tiét 16 théng tin - nhing budc tiép theo v6i thong tin chinh xac hon.
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