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Tom tit—Trong bai viét nay, chung tdi trinh bay giai
thuat DBSCAN cii tién cho gom cum cac tip dir liéu
I6n. DBSCAN la gidi thuiat gom cum hiéu qui, cho
phép phit hién cic cum c6 hinh dang bét ky va c6 kha
ning phat hi¢n nhiéu tSt. Tuy nhién, gidi thuit
DBSCAN c¢6 d9 phirc tap trung binh bac hai theo s6
lwong phan tir, lam cho n6 khong hiéu qua vé toe dd
xur Iy cdc tap dir liéu lon. Chung téi de Xuit sir dung
clu tric chi muc Cover Trees, ting toe qué trinh tim
kiém k lang giéng, cai thién téc dd giai thudt DBSCAN.
Két qua thye nghiém trén cdc tip dir liéu cho thiy gii
thuat DBSCAN cai tién sir dung cAu tric chi muc
Cover Trees chay nhanh hon 12 lin so véi gidi thuat
DBSCAN gbe.

Tir khéa: Gom cum dir liéu, giai thuiat DBSCAN, cdu
truc chi muc Cover Trees.

I.  GIOI THIEU

Gom cym dir li€u hay tiép can may hoc khoéng
giam sat thyc hién vigc nhom dir liéu (khong co
nhéan) sao cho cac dir li€u cung cum c6 cac tinh chat
tuong ty nhau va dir li€u cua hai nhom khac nhau
phai rat khéc nhau. Dya trén thé hién cua dir liéu aé
di tim hiéu ban chit cua dir liéu. Bang viéc quan sat
dir li¢u thu thap dugc (thé hién ctia dit liéu), ngudi ta
gia dinh rang cac cac dir liéu nay tuén theo mot quy
ludt nao d6 (ban chét cua dir lidu). Ké dén xay dung
md hinh dya trén quy luat gla dinh, thiét 1ap cac
phuong trinh, tim céc tham s0, sao cho mo hinh phu
hop v6i dit ligu ta thu thap duge nhit. M6 hinh thu
dugc 6 thé duge ding dé hiéu dir li¢u, phat hién tri
thirc m6i tir dit liéu hodc ciing c¢6 thé dung dé giai
thich dir liéu méi c6 lién quan. Gom cum dir li€u
duoc ung dung trong nhiéu linh vye nhu: md hinh
tui tir trong phan 16p anh, gom cum dit liéu gen trong
tin sinh hoc, phat hién nhom khéch hang trong kinh
doanh, v.v. Hoc dé kham pha cac cum dir ligu tir cac
co s dit liéu 16n [5], [6], [8], trong thyc tién ludn
dat ra cac van dé can quan tim nhu: x4c dinh tham
s6 d4u vao cho giai thuat, kham pha cac cum c6 hinh
dang tuy y, kha nang xt ly co sO dir liéu 16n. Giai
thuat DBSCAN [7] 1a giai thudt gom cum hi¢u qua,
cho phép phat hién cac cum c6 hinh dang bat ky va
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c6 kha nang phat hién nhiéu t6t. Trong thue hién,
giai thuat can budc tim kiém k 1ang giéng, nén
DBSCAN c¢6 d6 phure tap béc hai theo s6 lugng phan
tir. Dé cai tién /do phuc tap gidi thuat, ching t6i dé
xuat sir dung cdu tric chi muc Cover Trees [3], tang
toc qua trinh tim kiém k lang giéng, cai thién thoi
gian thyc thi cua giai thuat DBSCAN trén céc tap dir
liéu 16n. Két qua thuc nghlem trén cac tap dir liéu
thue tr kho UCI [1] va cac tap dir liu 16n cho thay
g1a1 thuat cai tién do chiing t6i dé xuat nhanh hon
giai thuat goc khoang 12 lan.

Phan tiép theo ctia bai viét dwoc trinh bay nhu
sau: phan 2 trinh bay cac giai thuat gom cum phd
bién hi¢n nay, phan 3 trinh bay giai thuat DBSCAN
cai tién, phan 4 trinh bay cac két qua thuc nghi¢m va
phan 5 12 két luan va hudng phat trién.

II. GIAITHUAT GOM CUM

Cong trinh nghién ctru lién quan dén giai thuat
gom cum duogc trinh bay trong céc tai liéu [2], [6],
[10], [14]. Cac g1a1 thuat gom cym thuo‘ng duoc chia
lam hai nhom giai thuat: phan cap va phén vang,

Cac giai thuat phan vung tim cach xép n phan tur
clia tap dit liéu D vao k nhom (k 1a tham sé ddu vao
cua céac g1a1 thuat). Giai thuét phan ving s& bt dau
v6i mot ving khoi ddu cia D va sao do di chuyen
13p di lap lai cac phan tir gitra cac nhom. Mdi cum
dugc biéu dién béi tm cua cum (giai thuat k-means
[12]) hodc boi no-ron chién thang (glal thuat ban do
ty t6 chire SOM [11]) hodc boi bién ngau nhién tiém
an z (giai thudt cyc dai hoa ky vong EM [4]). Cac
giai thudt phan vung thuong thuc hién 2 bude. Thu
nhét, xac dinh k dai dién. Thur hai, gan mdi phan tir
vao nhom c6 dai dién gan véi phan tir dang xét nhat.
Vi viée gan cac phan tir vao nhom nhu Vay thi hinh
dang ctia cac cum tim dugc bdi cac gidi thudt gom
cum la da glac 16 (rat han ché).

Céc giai thudt phan cap tao mot cay phan cip cho
dir liéu D. Cay phan cap 13p lai viéc chia D thanh
nhiing tdp con nho hon cho den khi mdi tap con chtra
chi mgt phan tir. Nhu vay, m01 nit cua cdy biéu dién
mét cum cua D. Cy phén clp co thé dugc tao nat 1a
1én nut’goc (agglomerative approach) hodc tir nut
goc xuong nut 14 (divisive approach) bdi viéc sap
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nhép hoac phén chia cic cum tai mdi budc. Nguge
lai voi cac g1a1 thuat phan Vung, cac giai thuat phan
cap khong can tham sé dau vao k. Tuy nhién, mot
diéu kién ding phai dugc xac dinh dé két thic qua
trinh sap nhap hodc phan chia. Mot vi du cho diéu
kién dung trong agglomerative approach 1a khoéng
cach D,,;, gitra tat ca cac cum. Van dé chinh vdi cac
giai thudt phan cap 1a viée kho xac dinh cac tham sd
thich hop cho diéu kién dung, gla tri cua D,,;, phai
da nho dé phan chia dugc tat ca cac cum va phai da
l6n khong c6 cum nao bi tdch thanh hai cum nhé
hon.

III. GIAI THUAT DBSCAN CAI TIEN

A.  Giai thudt DBSCAN

Giai thuat DBSCAN (Density Based Spatial
Clustering of Application with Noise) [7] duogc
Ester, Kriegel va Sander d& xudt nam 1996 khi
nghlen ctru cac thuat toan gom cum dir li€u khong
gian dya trén dinh nghia cym 1a tap t6i da cac diém
lién thong vé mat do. Giai thuat DBSCAN phat hién
cdc_cum c6 hinh dang tuy y, kha ndng phét hién
nhiéu t6t. DBSCAN thyc hién tt trén khong gian
nhiéu Chleu thich hop v6i co s¢ dir ligu co mat do
phan bd day dic ké ca c6 phan tir nhidu.

Dit liéu 1 Dit lidu 2 Dit liéu 3
Hinh 1: Dang cum dir li¢u duoc !(hém phé bai giai
thuat DBSCAN (nguon [7])

Quan sat 3 tap dir ligu dlem mau & hinh 1, chung
ta d& dang nhan ra cac cum diém va cac diém nhleu

Y tuong chinh dé phat hién ra cic cym cua gidi
thuat DBSCAN 1a bén trong mdi cum ludn ton tai
mot mdt d§ cao hon bén ngoai cum. Hon nira, mit
do ¢ nhung ving nhiéu thi thip hon mat d6 bén
trong cua bat ky cum nao. Trong mdi cum phdi xac
dinh ban kinh vung lan can (Eps) va sb luong diém
t6i thiéu trong ving l4n cén ctia mot diém trong cum
(MinPts). Hinh dang Vung lan can cia mot diém
duoc xac dinh dya vao viéc chon ham khoang cach
gitra hai diém p va g, ky hi¢u 1a dist(p,q). Vi du, néu
dung khoang cach Mahattan trong khong gian 2D thi
hinh dang vung 1an can 1a hinh chir nhat.

1) Khai niém su dung trong gidi thudt DBSCAN

Pinh nghia 1: (Eps- ne1ghborhood)

G01 D la tip co so dit litu diém. Eps-
neighborhood cua diém D, ky hiéu 1a Ng,(p), dugc
xac dinh b&i Ng,s(p) = {q €D | dist(p.q) < Eps}.

Pinh nghia 2: (directly density — reachable)

Mot diém p €D la directly density - reachable tir
mot diém g €D khi va chi khi:

P ENEpA(q) Va

|Neps(q)| = MinPts (diéu kién diém 15i).

Dinh nghia 3: (density-reachable)

Mot diém p la density—reachable tir g khi va chi
khi ¢6 mot day chuyén cac di€ém p;, ..., p, véip; =q
va p, = p ma p;.;la directly density — reachable tir
pi-

Hai diém nam trén bién ctia mot nhom thi khong
density—reachable 13an nhau, boi vi didu kién xéac
dinh diém 15i khong chira chung Tuy nhién, trong
nhém s& c6 mot diém 16i ma hai diém bién déu
density—reachable.

Dinh nghia 4: (density-connected)

Mot diém p 1a density-connected dén mot diém ¢
khi va chi khi c6 mot diém o ma ca hai diém p va ¢
déu density-reachable tir o.

Mot nhom la mot tép cac diém density-connected
16n nhat. Nhicu la diém khong thugc nhém nao.

Pinh nghia 5: (Nhom)
Mot nhom C 1a mot tap con khong rdng ctia D
thoa cac diéu kiéu sau:
V p, ¢: néu p &€ C va q la density-reachable tir p
thig € C.
V' p, g € C: p 1a density-connected tir g.

Pinh nghia 6: (Nhiéu)

Goi Cj, ..., C; la cac nhoém cua tép dir liéu D.
Nhiéu 1a tap hop tat ca cac diém khong thudc bét ky
nhém C; nao véi i=1, ..., k.

Sau day 1a mot s6 bo dé quan trong trong thuat
toan DBSCAN. Mot nhom cé thé dwoc tim thay
thong qua 2 bude. Budce thir nhét, chon mot diém bat
ky tir D thoa diéu kién diém 161 1am hat gidng. Budc
ther 2, tim tat ca cac diém density-reachable tir diém
hat gibng.

B dé 1: Goi p 1a diém thudc D va [Ng,(p)| >
MinPts thi tdp O = {o | o € D va o density-
reachable tr p}1a mét nhom.
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B6 dé 2: Goi C 1a mdt nhom tim duge thong qua
hai tham s Eps va MinPts va p 1a mot dlem bat ky
trong C vOi |Ng(p)| = MinPts thi C bing tap
O = {o | o 1a density-reachable tu p}.

2) Giai thugt DBSCAN o

Giai thuat DBSCAN duoc phat trién d€ phat hién
cdc cum va nhleu dua trén hai dinh nghla 5vae.
Giai thuat can phai biét truée hai tham sb Eps va
MinPts. Pé tim mot nhom, DBSCAN bt ddu voi
mot dlem p va tim tit ca cac diém dens1ty—reachable
tir p. Néu p 1a mot dlem 16i thi giai thuat hinh thanh
mét cum (theo bd dé 2). Néu p 1a mot diém bién thi
khoéng co dlem nao density-reachable tr p va
DBSCAN di dén diém ké tiép cua tap dit licu.

Béng 1: Gidi thudt DBSCAN

DPiu vao:
Tap dit liéu gdm m phan tir: X = {x’. }H " v6i X; € R"
Baén kinh vung 1an céan: eps
S6 lwong diém t6i thiéu: minPts
Giai thuat:
//Khoi tao
Clusterld =1
fori=1tomdo
if (x; chua dugc duyét qua)
N =regionQuery(x;, X, eps)
if (N| < minPts) //x;khong 1a diém 15i
changeCluster(x;, 0) //Gan x; vao nhiéu
else
changeCluster(¥, Clusterld)

N=N\{x}
while (N !=rdng)
N'=regionQuery(p, X, eps) // P € N
if (JN'| >= minPts)
for j=1 to sizeof(N’) do
q = N'.get(j)
if (¢ chua dugc duyét hodc 1a noise)
if (¢ chua dugc duyét)
N=Nulq}
changeCluster(g, Clusterld)
N=N\{p}

ClusterId++

Giai thuat DBSCAN chi tiét dwoc néu trong
bang 1. Ham regionQuery(x,, X, eps) dugc goi trong
giai thuat DBSCAN tra vé cac diém lang giéng trong
ban kinh eps cua dlem x;. Ham nay can duyet qua
toan tap dir li¢u dé tim k lang giéng, didu nay lam
han ché tdc d¢ xur 1y cua DBSCAN. Do do, do phuc
tap thoi glan cua giai thugt DBSCAN gbe 1a O(n )
voi n la so lugng phan tr cua tap dir liu, Dé cai
thién toc d6 tim kiém k lang gleng (khong can duyét
hét dir lidu), chung t6i dé xuat sir dung cau trac cay
chi myc nhiéu chiéu. Cac nghién ctu thuong dya
vao ciu trac chi myc phd bién kd-trees [9]. Tuy

nhién, c4u tric kd-trees chi thuc hién tt khi s6 chiéu
dir liéu nho hon 20 do d phuc tap cta kd-trees tang
theo ham mil cta sé chiéu [13]. Ciu tric kd-trees
khong hi€u qua cho tim kiém k lang giéng khi s0
chidu dir lidu 16n. Vi vay, thay vi st dung cAu trac
kd-trees, chiing toi dé xuat su dung cau truc Cover
Trees [ ] (c6 thé xtr 1y khi sb chiéu dir liéu 16n) dé
tdng toc qud trinh tim kiém k lang gleng cho giai
thuat DBSCAN. Diéu nay cai thién toc do xur ly cua
giai thuat DBSCAN. Phan tiép theo, chung t6i trinh
bay vé& chu trac Cover Trees, giai thuat tao mot
Cover Tree va giai thut tim kiém trén mot Cover
Tree hd tro tim kiém & lang giéng trong giai thuat
DBSCAN.

B.Cover Trees

1) Céu triic Cover Trees

Mot cay cover T trén tap dir licu S la mot cay
phan cap (leveled) ma tai moi cip 1a mot ¢ ‘cover”
cho cap dudi n6. Moi cap duoc danh chi myc bai s0
nguyén i giam dan. Mbi nut trén cay lién két véi mot
dlem trong S. Mdi diém trong S co the lién két voi
nhleu nat trén cdy; tuy nhién, mdi diém chi duoc
xuét hién mot lan trén mdi cap. Goi C; la tap diém
trong S lién két voi cac niit & ‘mirc i. Cover tree tuan
theo nhitng quy luat sau cho tat ca cac mirc i:

—  (Nesting) C; C C;_;. Diéu nay c6 nghia 1a
mdt 1an mot diém p € S xuit hién trong C;
thi & cac mirc dudi mirc 7 trén cdy déu co
mdt nut lién két véi p.

- (Covermg tree) V&i moi diém p € C,, ,
ludn ton tai mot diém ¢ € C;sao cho d(p,q)
< 2'va nit & muc i lién két v6i ¢ 1a cha cua
nat & mirc i - 1 lién két véi p.

—  (Separation) Vi moi diém p, ¢ € C; thi

d(p.q) > 2.

Ghi chu quan trong: Khi chung ta xac dinh cac
nut lién ket véi cac d1em can cha ¥ 1a mot diém chi
c6 thé xut hién mot lan & mdi murc.

Khai niém don gian nhat aé mo ta cc gidi thuat
trong gioi han cua sy biéu dién 4n cia Cover Tree
chira mdt lugng v6 han cac muc 1a C, chira mot
diém trong S lién két voi nit goc vaC,=8§. Tuy
nhién, chung ta phai st dung va phén tich sy biéu
dién mot cach tuong minh chi mét khong gian O(n).
Néu mot diém pES xuét hién 14n dAu & murc i thi
n6 s& xudt hién & tit ca cac muce dudi mic i, va p s€
1a con cua chinh n6 trong tat ca cac mirc nay (nut
lién két véi _p 1a con cua nut lién két voi p & muc
trén). Sy biéu dién mong minh cua cay hop nhat tat
c4 cac nit ma con cuia no chi 1a no. Nghia 1a mdi nut
hodc c6 cha khac voi chinh n6 hoac 1a c¢6 con khac
véi chinh no.
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2) Tim kiém lang gleng gan nhat

Dé tim lang giéng gin nhit (xem bang 2) cua
mot diém p trong mot Cover Tree, giai thuat di
xudng theo timg muc, theo doi tp con O; © C; cua
cac nit ma c6 thé chira lang giéng gan nhét cia p
nhu mot hau dué. Giai thuat 13p lai cong viéc xay
dung O, bang cach mé rong O; cho con cua no
trong C;;, sau do6 loai bo cac con ¢ ma khong thé dan
dén lang gleng gan nhit cua p. S€ dé dang hon dé
hinh dung cay khi c6 mét s6 lugng vo han cac murc
(v6i C,, chi chira gbe, va voi C., = S). Biéu dién tap
con cua nat p la Children(p) va goi

d(p,Q)=min_, d(p,q) la khoang cach tir p dén
diém gén nhét ¢ trong tap Q.

Bang 2: Giai thut tim lang giéng gn nhit

tap dit liéu X. Do ham nay pha1 duyét qua toan by dix
ligu dé tim kiém k lang giéng trong giai thuat
DBSCAN gbc nén d6 phirc tap 1a O(r’).

Béng 3: Giai thuat xay dung Cover Tree

Find-Nearest (cover tree T, query point p)
(1) set Q= C.

(2) for i from co down to -0
(a) consider the set of children of Q;:

Q= { Children(q) : ¢ € O;}.
(b) form next cover set:

0= 1{q € 0:dp.g) <d(p,0) + 2}
(3) return arg minge g d(p, g).

Construct(point p,point sets <NEAR,FAR>, level i)
(1) if NEAR = @
(2) then return <p, FAR>
(3) else
(a)<SELF,NEAR>=Construct(p,SPLIT(d(p,"),
2'"! NEAR), i - 1)
(b) add SELF to Children(p;)
(c) while NEAR # @
(i) pick q in NEAR
(i1)<CHILD,UNUSED>=Construct(q ,SPLIT(d(q,"),
2" NEAR, FAR, i-1)
(iii) add CHILD to Children(p;)
(iv)let <NEW-NEAR, NEW-FAR> =
SPLIT(d(p, ), 2!, UNUSED)
(v) add NEW-FAR to FAR,
and NEW-NEAR to NEAR.
(d) return <p;, FAR>

Néu 7T 1a mot ‘Cover Tree trén ) S thi
Find-Nearest(7,p) tra vé léng giéng gan nhat cua p
trong S. Do phuc tap thoi gian thuc hién giai thuat
tim klem lang giéng gin nhat 1a c“logn.

Dé tim kiém k lang giéng trong ban kinh eps thi
o budc 2(b) thay thé eps cho d(p,0) va & budc (3
ding giai thuat vét can dé tim cac diém thoa didu
kién trong tap Q.

3) Xay dung cover tree cho mot tap dir liéu

Giai thuat xay dung cover tree (xem bang 3) cho
mot tdp dir liéu sir dung phuong phap d¢ quy. Tai
moi budc, gidi thudt c6 mot diém p, mot tap diém
NEAR gom nhiing dlem phéi dugc thém vao dudi p,
mot tap diém FAR gom nhung diém co the dugc
thém vao duéi p. Pau tién g1a1 thuat tim kiém cac
tdp NEAR va FAR cho chinh n6 (nhu la céc con) va
sau do lam tuong tu cho nhiing phén tir con lai cia
NEAR. Giai thuat tra vé mét nat duoc tao va nhung
diém chua duoc st dung cia FAR. Do phuc tap cua
g1a1 thuat xay dung mot cover tree cho tap dir li¢u la
O(c’nlogn).
C. Tich hop cdu triic cdy chi muc Cover Trees vao

gidi thugt DBSCAN

Quay tré lai giai thuat DBSCAN gbc trinh bay
trong bang 1. Ham regionQuery(p, X, eps) thuc hién
tim kiém £ lang giéng ban kinh eps ctia diém p trong

Dé cai tién thoi glan chay giai thudt DBSCAN,
ching t6i dé xuét xay dung cdy chi muc Cover Trees
cho tap dir liéu X (xem bang 4) va can thay thé ham
reglonQuery(p X, eps) bang ham ham tim kiém &
lang giéng trong ban kinh eps trén Cover Tree (ham
Find-Nearest (7, p, eps) trinh bay trong bémg 2). Do
dd phuc tap thoi gian trung binh cua giai thuét tim
kiém k lang giéng trén Cover Tree la 0(c”*logn)
nén do phuc tap. thoi gian trung binh cta glal thuat
DBSCAN cii tién (giai thudit DBSCAN c6 két hop
Cover Trees) la O(clzn*logn) Vi vay, g1a1 thuét
DBSCAN cai tién c6 do phuc tap nho hon giai thuat
DBSCAN goc khi  16n (tép di li¢u 16n).

IV. KET QUA THUC NGHIEM

Ching t6i tién hanh danh gid hi€u qua cua giai
thuat DBSCAN cai tién dugc dé xuat d& gom cum
trén cac tap dir liéu 16n. Trudc ti€n, ching t6i da cai
dat giai thuat DBSCAN gbc va DBSCAN cai tién
bang ngdn ngir 1ap trinh C/C++ ¢6 st dung thu vién
Cover Trees [3].

Béng 4: M0 ta céc tap dir liéu nhém 1

Tén tip dir liéu S6 thudc tinh S6 miu
Iris 4 150
Wine 13 178
Segment 19 2310
Optdigits 64 3823
Sat Image 36 4435
Shuttle 9 43 500

Céc tap dir li€u st dung trong thuc nghlem chia
thanh 2 nhém. Nhom céc tap dir li€u thyc gom 6 tap
dir liéu da chiéu (tr 4 dén 64 chleu) voi sb mau tir
150 dén 43500 miu duoc lay tir website UCI
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Machine Learning Repository [1], dugc md ta trong
bang 4. Chung t6i da loai bo di nhan cua cac tép dit
liéu trudce khi chay thyc nghiém.

Béng 5: M0 ta céc tap dir li¢u nhém 2

Tén tip dirliéu | S6 thude tinh S6 miu
Data 1 2 1.000.000
Data 2 2 1.000.000
Data 3 2 1.000.000

Nhém thir hai gdm 3 tap dit liéu 2 chidu véi mét
triéu mau tin khéng c6 nhan (xem bang 5) duoc tao
tor thu vién chuong trinh scikit-learn [15]. Phan bb
dir liéu ctia nhoém thir hai dugc cho trong hinh 2.

Daa 1 Data 2 Data 3
Hinh 2: Phéan b dit liéu cta tap dir liéu nhom 2

Ching t6i 1an lugt thyc hién hai giai thuat
DBSCAN va DBSCAN cai tién trén hai nhom dir
liu, do thoi glan thue hién cua hai g1a1 thuat nay va
so sanh két qua voi nhau. Tat ca cac két qua déu
duoc thuc hién trén may tinh ca nhan (intel 2.1GHz
x 2, 2GB RAM) chay h¢ diéu hanh Linux (ban phan
ph01 hé didu hanh 12 Ubuntu 12.04 LTS 32 bit).

A. Két qua chay thuc nghiém trén cdc tdp dir

liéu nhom 1

Béng 6: Bo tham s Eps va MinPts cho céc tap
dit li¢u nhém 1

Tén tap dir liéu Eps MinPts
Iris 0.42 5
Wine 67 5
Segment 19 5
Optdigits (train) 19.8 6
Sat Image (train) 26 6
Shuttle (train) 9 8

Béang 7: Thoi gian thuc thi gom cum trén cac tap
dit liéu nhom 1 (don vi tinh bang gidy)

Tén tap dir liu DBSCAN DBSCAN cii tién
Iris 0.001462 0.001245
Wine 0.001116 0.001429
Segment 0.220723 0.063479
Optdigits 1.272079 1.046573
Sat Image 1.098793 0.370765
Shuttle 68.7473 10.537758

Ching t6i 4p dung cac by tham s6 (Eps va
MinPts) thu dugc két qua tot cho gom cuym nhu
trong bang 6 dé chay thuc nghiém trén cac tap dir
li¢u thuoc nhom 1.

Két qua thoi glan chay thuc nghlem (dugc tinh
bang glay) cua giai thuat DBSCAN va DBSCAN cai
tién trén céc tap dir liéu thuoc nhém 1 duoc trinh bay
trong bang 7, hinh 3.

Quan sat biéu db thoi glan thuc thi cta 2 g1a1
thuat trén hinh 3, ching ta co thé thay dugc véi cac
tap dir li€u Iris, Wine, Segment, Optdigits thi su
chénh Igch la khong nhiéu do cac tap dir liéu nay c6
s6 lwong mau nho. Véi tap dir lidu 16n hon nhu Sat
Image thi giai thuat DBSCAN cii tién chay nhanh
hon giai thudt DBSCAN nhung ciing chua dang ké.
Riéng voi tap dir liéu 16n nhat la Shuttle thi gidi
thuat DBSCAN cai t1en chay nhanh hon khoang 6
lan so voi gidi thudt goc Diéu nay pht hop véi muc
tiéu cai tién téc d6 cua giai thuat DBSCAN trén tap
dir liéu 16n.
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Hinh 3: So sénh thoi gian thyc thi trén céc tap dir
liéu nhom 1

B. Két qua chay thuc nghiém trén cdc tdp dir
liéu thuoc nhom 2

Phan tiép theo chung to1 s€ chay thyc nghlem
trén 3 tap dir liéu c6 s6 mau 1on den mot tri€u mau.
Chung t6i 4p dung cac bo tham sé (Eps va MinPts)
néu trong bang 8 dé chay thue nghlem trén cac tap
dir liéu. Hinh 4 trinh bay két qua gom cum, hinh 5,
bang 9, trinh bay thoi gian thuc thi cua cac giai
thuat.

Béng 8: B§ tham s6 Eps va MinPts cho cac tap

dir liéu nhom 2
Tén tap dir liu Eps MinPts
Data 1 0.06 4
Data 2 0.06 4
Data 3 0.27 4




Hgi thao quéc gia lan thir XVII: Mt s6 vin dé chon loc ciia Cong nghé thong tin va truyén thong-Dak Lik,30-31/10/2014

o %
% aﬂ‘%y
Data 1 Data 2 Data 3

Hinh 4: Hién thi Kkét qua gom cum trén ba tap dir

liéu nhom 2 cia DBSCAN

Hinh 4 hién thi két qua thu dugc tir gom cum trén

3 tap dit liéu nhom 2. Giai thuat DBSCAN tach tap
dir liéu Data 1 thanh 2 cum, Data 2 thanh 2 cum va
Data 3 thanh 3 cum (v6i diém hinh tron 13 nhiéu).
Két qua tir hinh 4 cho thy giai thust DBSCAN thyc
hién gom cum tot trén 3 tap dir liéu nhom 2.

Bang 9: Thoi gian thuc thi gom cum trén céc tap
dir liéu nhom 2 (don vi tinh bang giay)

trén cac tap dir liéu cho thay giai thuat DBSCAN cai
tién nhanh hon giai thuat gdc khi gom cum cac tap
dir liéu 16n.

Trong tuong lai, chung t6i phat trién chién lugc
xac dinh ty dong tham s6 Eps va MinPts clia giai
thuat DBSCAN, nang cao kha nang tmg dung giai
thuat trong thuc tién.
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