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ABSTRACT

This paper presents a revised version of a cluster number estimation
algorithm for big datasets. This algorithm was designed to work on a
standard personal computer. This is an improvemennt of the Cell-MST-
Based cluster number estimation algorithm by appying weighted
distance instead of using the Euclidean distance. This new algorithm was
named Weighted-Cell-MST-based cluster number estimation algorithm.
This revised version can provide more stable results compared to its
former version when testing the same datasets in the same environment.

TOM TAT

Bai bao nay trinh bay mot giai thudt woc luong $6 cum dif lidu cdi tién
dung dé wéc lwong $6 cum dir lidu ciia tap dir liéu lon. Gidi thudt dwoc
thiét ké chay trén mdy tinh cd nhan c¢é cau hinh co ban. Pdy la mot sw
cdi tién cua gidi thudt wée heong s6 cum Cell-MST-Based bang cdch dp
dung khodng cdch cé trong sé thay cho khodng cach Euclid. Thudt todn
cai tién dwoc dat tén la Weighted-Cell-MST-based cluster number
estimation algorithm. Thudt todn cdi tién cho két qua on dinh hon so voi
thudt toan ban dau khi xét trén cing cdc tdp dir liéu va trong cing mot
diéu kién thuc nghiém.

Trich dan: Duong Van Hiéu, Tran Huy Long va Pham Ngoc Giau, 2017. Giéi‘thuélt u’éc’ luong ) cum dir
liéu cai tien cho tap dir liéu 16n. Tap chi Khoa hoc Truong Pai hoc Can Tho. S6 chuyén dé: Cong

nghé thong tin: 42-53.
1 GIOI THIEU

Trong thoi dai cudc cach mang cong nghiép lan
thtr tu, hau hét dir lidu déu dugc s6 héa. Qua trinh
s6 hoa dir liéu d3 tao ra mot cude cach mang vé dir
liéu ma nguoi ta thuong goi la big data hay dir li¢u
16n. Big data khong chi 1a dir liéu 16n vé dung
lugng ma con da dang vé céu trac, dinh dang,
ngudn phét sinh, mirc d6 thay doi,... Trong linh vuc
khai khoang dir li¢u va khoa hoc dir liéu, phan cum
dir li€u dugc xem la cong cu quan trong trong phan
tich va xtr 1y cac tap dir liéu 16n va duoc Gng dung
nhidu trong cac linh vuc kinh doanh, céng nghé,
khoa hoc, giao duc,... (Romero va Ventura, 2013;
Kokol, 2015). Dya vao phuong phap phan cum,
cac giai thuat phan cum dit li¢u dugc chia thanh 5
nhom nhu trong Hinh 1 (Fahad et al., 2014).
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Hién tai, c6 nhiéu dinh nghia khac nhau vé tap
dir liéu 16n, mot dinh nghia dugc nhiéu nguoi chap
nhén va st dung la “tap di liéu lon 1a tap dir li€u
ma chung ta khong thé xir Iy bang nhirng phwong
phap tuyén théng”. Cac tap dit liéu ma Jesus et al.
(2017) da st dung trong céc thi nghiém c6 sb
luong tir 1.025.000 miu tin dén 11.000.000 ciing
duoc xem la cac tap dir li¢u 16n.

Trong bai bao nay, cac tap dit liéu duoc st dung dé
thi nghiém c6 sé lwong tir 300.000 miu tin dén
24.895.830 mau tin. Trong hoan canh t6i uu hoa
céc thuat toan thi mot sd tap dir liéu dugc sir dung
trong bai bao nay da dwoc chap nhan la céc tap dir
liéu lon (Van Hieu and Phayung, 2016).
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Clustering Algorithms

|Partitioning-based| IHierarchical—basedl | Density-based

| | Grid-based | | Model-based |
1. K-Means
2. K-Medoids ,1} EE%EI 1. DBSCAN 1. Wave-Clustey] | 1. EM
3. K-Modes 5 ROCK 2. OPTICS 2. STING 2. COBWEB
4. PAM 4 Chamel 3. DBCLASD 3. CLIQUE 3. CLASSIT
5. CLARANS P ;‘.’ge 0 4 DENCLUE 4. OptiGrid 4. SOMs
6. CLARA - =emena
7. FCM
Hinh 1: Phin nhom cac giii thuit phan cum
Cac thudt toan phan cum thudgc dang P
partitioning clustering dugc biét dén nhiéu la K- Cluster 3_ . Cluster 6\. o
Means, K-Medoids, K-Modes, PAM, CLARANS, A .'j: - -
CLARA, FCM, CSO, PSO. Céac thuat toan nay Cluster 4 ,:- i .0.
phan chia mot tap dir licu X = (X4,Xy, ..., Xy) l ‘
thanh K < N cum C = (¢4, €y, ..., Cg) ¢O thé giao ‘ C llStel
nhau hodc khong giao nhau. Vi K-Means la mét ‘o e e

thudt toan phan cum dir liéu rat thong dung nén bay
bao nay chon thuat toan K-Means dé 1am nén tang
cho giai thuat udc lugng s6 cum dir liéu.

Goi dist (X;, X;) la khoang cach tr dbi tuong x;
dén d6i tuong X;. Thuat toan K-Means c6 thé dugc
biéu dién nhu sau (Barioni et al., 2014).

Thuat toan 1: K-Means (X, N)

Input: T4p dir liéu X c6 N déi twong trong
khong gian D chiéu, s6 lwong nhém cin phan
chiala K

Output: TAm cta K nhém va danh sich cac déi
twong dit liéu thudc vao tirng nhom.

Begin

1. Khéi tao K tam Z = (2, Zy, ..., Zg) cho
K nhom.

2. Gdn cic d6i twong dir lieu x; =
(X1, Xizy -y Xip) VvOi i=1,..,N vao
nhém ¢/ sao cho dist(x;z;)=
min(dist(x;,z;))voi i=1..,N;j=

1,..,K; z la tim cia nhém ¢ va
dist(x;,z;) 1a khoang cach tir x; toi z;.
3. Tinh lai toa d6 tdm cua cac nhém z; =
1 s e os
TS inecjxi véij=1,..,K.

4, Kiém tra diéu kién dirng da dwgc dinh
nghia truéc

- Né&u chua dat diéu kién dirng thi 13p
lai buéc 2;

- Nguoc lai, trd vé tAim ctia K nhém va
danh sach cic diém thudc tirng
nhém.

End
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Cluster 1 Cluster 2

Hinh 2: Vi du vé két qua phan cum

Dé phan chia mot tap dit liéu X c6 N phan tir
thanh K nhém thi cic giai thuat phan nhém can
dugc cung cap gia tri cua K trude khi thuc hién
viéc phan nhoém.

Dbi v6i cac tap dit liéu nho hodc ¢6 tir 1 dén 2
thugc tinh thi viéc udc lugng s6 cum dit lidu c6 thé
duoc thyc hién thong qua cac cong cu truc quan
hoa dit lidu. Ddi véi cac tap dir lidu 16n va ¢ nhiéu
hon 2 thudc tinh thi c6 thé udc luong ¢d cum thong
qua kién thtrc chuyén gia vé linh vuc cua dir lidu.
Tuy nhién, dé udc lugng s6 cum chinh xéc thi can
dén céc giai thuat ude luong s6 cum dir liéu.

C6 nhiéu thuét toan wéc lwong sb cum duge dé
xudt: sit dung ma tran khoang cach giira cac d6i
tugng (Similarity matrix) (Shao et al,.2013), su
dung 1y thuyét tap tho (Decision-theoretic rough
set) (Yu et al., 2014), sir dung phuong phap théng
ké (Weighted gap statistic) (Yan and Ke, 2007), sir
dung cdy phu toi thiéu (Minimum-cost spanning
trees) (Zhong et al., 2015)... Tuy nhién, cac
phuong phap d6 kho ap dung dé hién thuc viéc ude
luong s6 nhom cua cac tap dir liéu 16n khi thuc
hién trén cac may tinh c4 nhan c¢6 ciu hinh chudn
vi ly do b6 nhéd kha dung cua may tinh ca nhan
khong thé dap tmg dwoc yéu ciu cip phat va luu
trlr dit li€u khi tinh toan.
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Vi du: Can uéc luong s6 cum dir liéu cho mot
tap dir lidu X c6 N=2.000.000 ddi tuong dir lidu.
Trong trudng hop st dung kiéu dir lidu float ¢
kich thudc 4 byte dé luu trir gia tri s6 thap phan va
kiéu dir liéu unsigned char c6 kich thudc 1 byte dé
lwu trit gia tri s6 nguyén nho. Yéu cau vé dung
luong bd nhé dé luu trix dir liéu can thiét lién quan
dén qua trinh udc lugng sé cum co thé duge tinh
nhu Béang 1.

Bang 1: Minh hoa yéu cau dung lwong b nhé
v6i N=2.000.000

Cong thirc Kich thwoe b

Phwong phap tinh dung  nhé yéu ciu
lwong (Byte)  (Giga byte)

Ma tran ké (Shao et 5

al., 2013) N° x1 3.725,29

Ma tran tuong duong )

(Shao et al. 2013) N™ x4 14.901,16

Ly thuyét tap tho (Yu .,

efal,2014). N2 x2 x4 29.802,32

oIt (N2/2) x4 7.450,58

(Zhong et al., 2015)

Pé cai dat duoc thuat toan udc luong sO cum
dir liéu theo phuong phap cay phu t6i thiéu thi can
phai giam so dbi tugng trong tap dir liéu dén mot
gia tri nhat dinh tiy vao dung lugng kha dung cua
bd nhd RAM.

Mit khéc, ¢6 nhiéu giai thuat udc lugng s6 cum
dir liéu khong doi hoi phai str dung dung lugng bd
nh¢ 16n nhung lai ton rt nhiéu thoi gian khi thuc
hién viéc phadn cum nhu thuat toan QEM
(Kolesnikov et al., 2015).

Thuat toan udc lugng s6 cum dit liéu cho tap
dir liéu 16n dua trén sy két hop giita phuong phap
cay phii tdi thiéu va phuong phép té bao hoa (Cell-
MST-Based) (Van Hieu va Phayung, 2015) dugc
dé xuat va duoc xem nhu mot giai phap tt cho
viéc udec lugng s6 cum cua cac tap dir liéu 1on
duogc thiét ké dé thuc thi trén cac may tinh ca nhan
¢6 cAu hinh chuin (Texas Tech University, 2015).

Két qua thyc nghiém cho thiy thuét toan udc
luong sé cum dir liéu Cell-MST-based cho két qua
tdt hon rat nhidu khi so sanh véi cac thudt toan
khac khi ap dung cho cac tap dir liéu 16n. Tuy
nhién, khi ap dung cho mét vai tap dir liu dac biét
thi két qua c6 thé khong duge 6n dinh. Do do, bai
béo nay trinh bay mot cach cai tién thuat toan udc
luong s6 cum dir liéu Cell-MST-Based bang cach
4p dung khai niém khoang cach c6 trong sb thay vi
sir dung khoang cach Euclid. Thuat toan cai tién
duogc dat tén 1a Weighted-Cell-MST-Based cluster
number estimation algorithm.
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bong gop cua bai bao nay la dé xuat khai niém
khoang cach co trong sb gitra 2 dbi tuong, dong
thoi ap dung khoang cach c6 trong s6 dé cai tién
thuat toan uwéc luong sé cum dit liéu Cell-MST-
Based dé nhan duoc két qua 6n dinh hon cho mot
s tap dir lidu dic biét.

Bai bao dugc cau tric thanh 5 phan: Phan thir
hai 1a thuat toan uéc luong sd cum Cell-MST-
based, phan thir ba 1a dé nghi giai thuat cai tién,
phan thir tu 1 két qua thuc nghiém, phan cudi cing
1a két luan va hudng phat trién.

2 THUAT TOAN UOC LUQNG SO CUM
CELL-MST-BASED

Phén nay trinh bay nhiing ndi dung chu yéu vé co
s& 1y thuyét co lién quan dén thuat toan u6e luong
5O cum dir liéu Cell-MST-Based. Noi dung trinh
bay gom ‘phuong phap bién d6i tap dir heu lon X
gom N d6i tugng thanh tap dir liéu nho goém oM b
té bao, cach xay dung dd thi t5i wu tir tap té bao,
wdc luong sé cum dir liéu bang cay phu t6i thiéu,
céc chi s6 ding dé danh gia két qua phan cum dir
liéu.
2.1 Quy wérce ky hiéu

D¢ tranh hiéu nham va nhat quan céc ky hi¢u
trong khi trinh bay cac ndi dung ti€p theo cua bai
bao nay, ching t6i thong nhat st dung ky hiéu nhu
sau:

— Ky tu thuong in nghién: sir dung dé ky hi¢u
cho bién hodc gié tri vO hudng. Vi du cac ky hiéu
i,j,k 1acac bién.

— Ky tu thuong in dam: su dung dé ky hiéu
cho vector hoaflc,d()i tugng co cau truc. Vi du x 1a
vector hodc 1a doi tugng dir li¢u.

— Ky tu hoa in nghién: st dung dé ky hiéu
cho hang s0. Vidy N, D, M 1a hang so.

— Ky ty hoa in dam: sur dung dé k}? hiéu cho
ma tran hoac tap hgp cac doi tugng co cau truc. Vi
du X 1a ma tran.

Hon nita, trong truong hop ky hiéu la mot
chudi cac ky tu thi ciing dwoc quy ude gidng nhu 1
ky tu.

2.2 Chi s so sanh két qua phan cum

Dé xéac dinh két qua phan cum dir lidu 1a tt hay
chua tbt, nguoi ta thuong sir dung nhiéu chi sb
khac nhau. Dbi v6i bai toan ude luong sd cum dir
lidu két hop v6i viéec phan cum thi cac chi sb
thuong duoc sit dung 1a chi s6 Dunn, Davies-
Boudlin, Krzanowski-Lai, Calinski-Harabasz,
Intra-Inter. Khi so sanh 2 két qua phan cum v&i
nhau; két qua nao c6 gia tri Dunn, Krzanowski-Lai,
Calinski-Harabasz 16n hon thi tot hon; két qua nao
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c6 gia tri Davies-Boudlin, Intra-Inter nh6 hon thi
tot hon (Starczewski and Krzyak, 2015).

Gi4 tri cta cac chi sé dugc tinh bang cac biéu
thire (1) dén (5).

—— [ max {A(Cp)}

. . a(cicj
Dunn = min { min {M} (1)
N—— ‘

1=i=k | 1sjsK

k i 1stsK )
Davies — Boudlin = = {{ L max {M} 2)
— [ s(cuc))
1#]
DIFF(K) = (K — 1)/P x WSS(K —1) —
2
K? x WSS(K) 6
Krzanowski — Lai = |LF(K) @
DIFF(K+1)
Calinski — Harabasz = ZSE-DXW—K) 5)

WSS(K)x(K—1)

Tuy vao dic diém cua cac tap dur liéu dung dé
phén cum hoac ude lwong sO cum dit liéu ma nguoi
ta chon cac chi so phu hop.

2.3 Té bao hoéa tap dir liéu 16n

Day la thuat toan bién doi tap dit liéu lon thanh
tép t& bao co kich thude nho hon rat nhiéu so voi
tap dir li¢u ban dau da duoc dé xuat cho cac thuat
toan xu ly tap dir liéu lon (Van Hieu va Phayung,
2015).

2.3.1 Anh xq dsi twong dir liéu vao té bao

Mot té bao dit liéu dugce dinh nghia nhu mot
nhom cac doi tuong dit liéu gan giong nhau.

Goi X = (X4,X,, ...,Xy) 12 tap dit liéu gbc c6 N
d6i tuong trong khong gian D chiéu, Vinin =
(Vinin1» Vmin 2 = Vminp) 13 gid tri nhd nhét cua
cac thudc tinh cua cac dbi tuong dir liéu, Vinax =
(Vmax 1 Vmax2» > Vmaxp) 1a gid tri 16n nhit cia
cac thudc tinh cua cac ddi twong dir lidu. Mdi doan
[Vmin j> Vmaxj] duoc chia thanh M doan dé tao
thanh céac vector w = (wy, Wy, ...,wp) va m; =
(Mmjo,mj1,Mjs, wo,Mjy) vOi j=1,..,D va
mjo = vminj . Gia tI'l cua vminj , vmaxj: Wj, mjk
dugc tinh bang cac biéu thirc (7) dén (10).

X11 X12 .. X1p
x x e x

X = 21 22 2D (6)
Xn1  Xn2 - XND

Umin j = min(x;) véi=1,--,N;j=1,-,D (7)

Vmax j = max(x;;) véii=1,--,N;j=1,-,D (8)
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Umax j—Vmin j

- véij=1,,D (9)

mjk = Vminj +]XW]Vél] = 1,"',D;
k=1,-,M (10)

Thuat toan anh xa duoc biéu dién nhu sau:

Thuit todn 2: Anhxa(X,m;véij=1,..,D)

Input: Tép dit liéu X, D vector m; vo7 j =
1,..,D
Output: Tap d6i twong va dia chi dnh xa X’
Begin
X' «X
For x'; eX'véii=1,..,N
Forj=1,..,D
Stop «<0; k<0
While (Stop < 1) va (k < M)
If (x,ij < mjk)
x'l-]- — m]-k
Stop « 1
Else
k<k+1
End if
End while
End for
End for
End

2.3.2 Chuyén tdp dit liéu thanh tap té bao

Muc dich ctia budce nay 1a 1dy dia chi cua cac té
bao. Mdi té bao 1a mot nhém cac dbi tugng dir liéu.
Goi C 1a dung lugng kha dung ctia b nhé RAM, n
la kich thudc cua kiéu dir lieu ding dé luu trir
khoang cach giita cac té bao, gia tri cia M dugc
xéc dinh bang biéu thirc (11).

MPxmP-1) ¢
— =i an
Pat X = MP, gia tri cua X va M dugc tinh bang
cac cong thue (12) va (13).
—1+,/1+8C/n
2

X = (12)
M= |x¥/P| (13)

Thuét todn chuyén doi tap dir liéu thanh tap té
bao duoc mo6 ta nhu sau:

Thujt todn 3: Té bao (X, n)

Input: T4p dit liéu X c6 N ddi twgng trong
khong gian D chiéu, n 1a kich c& cda kiéu dir
liéu dung dé lwu gia tri khoang cach.
Output: T4p hop cac té nao O va véc to w.
Begin
1. LAy dung lwgng kha dung ctia bé nhé
RAM, goila C.
2. Giai phwong trinh (12), (13) dé tim gia
tri cia M.
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3. Tinh vector v,,;, va v,,,, dwa vao biéu
thiee (7) va (8).

4. Tinh vector w dwa vao biéu thirc (9).

5. Tinh vector m; véij=1,...,D dua vao
biéu thirc (10).

6. Goi ham anh xa(X, m; voij=1,..,D).

7. Tinh gia tri cac thudc tinh cta té bao
khac réng, goila 0.

8. TravéOvaw.

End

2.4 XAy dung dd thi téi wu va wéc lwgng sd
cum dir li€u

Sau khi ¢6 dugc tap hop céc té bao, viée xdy
dung d6 thi toi wu dé cac dinh so lugng cum duogc
thue hién qua 3 budc:

2.4.1 Tinh khodng cdch giita cdc té bao

Goi N’ 1a sb luong té bao trong tap té bao O.
Mot ma trdn vudng c6 kich ¢& N' x N’ dugc xay
dung dé luu trir khoang cach giita cac té bao. Vi
day 12 ma tran d6i xting nén chi can xay dung '
ma tran c6 dung luong bd nhé duoc cép phat that
su la (NZA) X 4 byte.

2.4.2 Xay dung do thi toi wu

Muc dich ctia viéc xay dung d6 thi tdi uru 1 han
ché viéc cép phat 6 nhd va luu trit nhiing gia tri
khong can thiét cho qua trinh wéc lwong s6 cum dir
liéu. Thuat toan x4y dung do thi t6i wu tir tap té bao
¢6 thé duge tom tit nhu sau:

Thuit toan 4: Do thi téi wu(0)

Input: Tap hop cac té bao O.

Output: PO thi t6i wu G, cung v&i gia tri cim
canh T

Begin

1. Tinh ma tridn khoang cach giita cac té
bao goila D.

2. Tinh trung binh va d¢ léch cua cac
khodng cach goi la mean(D) and
std(D).

3. Néustd(D) <1 thi

Ty, < mean(D)
Nguorc lai
Ty < min(mean(D), std(D)).

4. Xay dung d6 thi véi cac canh ¢6 do dai
< T, goi la Gy.

5. Xay dwng ciy phu tdi thi€u tir Gy, goi
la T,,.

6. T, = max(canh cia T).
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7. Xoa céc canh > T, tir do thi G,
8. TravéGyvaT,
End

Sau khi x6a bo cac canh c6 d6 dai lon hon T
thi do thi Gy duge goi 1a do thi t6i wu. DO thi toi uu
c6 thé la mot do thi lién thong va cling co6 thé 1a
mot do thi gom nhicu thanh phan lién thong.

2.4.3 Ubc heong s6 cum dit liéu

Budc thir 3 cua thuat toan wdc lugng s6 cum dix
liéu Cell-MST-based 1a wéc luwgng s6 cum dir li€u
két hop vai phan cum bang thuat toan K-Means.

Ban dau, xem do thi toi uvu G, 1a mét rung cua
cac cay goi la Fy,. Thuc hién viéc ldp véi i =

1,..,|VN].

Tai budce lap tht i, x6a cac canh c6 do dai 16n
hon T; dé tao thanh rimg F;. Goi K; 1a s6 luong cay
ctia rimg F;. K; cling duoc xem 14 s6 cum céc té bao
va tuong duong voi sb6 cum dir liéu cua tap dir ligu
X.

Tam cua tung cum té bao duoc xac dinh thong
qua gia tri cac thudc tinh cia té bao, dia chi nay
duoc anh xa ngugc thanh tam cua cac cum dir liu.
Thuét toan phan cum K-Means dugc sit dung dé
phan cum tap dir li¢u ban dau X, céac chi s6 Dunn,
Davies-Boudlin, Intra-Inter dugc tinh tuwong tUng
voi tung gia tri K;.

Gia tri cua T; dwoc xac dinh bang biéu thirc
(14)véii=1,..,|1/a] va 0<o<l.

Tai budc i, goi 2% = (2%, 2%2, .., 2%p) vOi
k =1,...,K; 1a tam cua cac cay trong rirng cay F;,
va zZy = (Zg1, Zkz) - Zgp) VOL k=1, ..., K; 1a tdm
ban ddu cua cic nhom khi st dung thuét toan K-
Means trén tap dir lidu géc X. Gid tri clia tim z;
dugc tinh bang biéu thie (15).

T,=T,—iXa

(14)

Zyj = 2% X Wj + Uy j VOij = 1161 D (15)

Khi i = [\/NJ, tat ca cac gia tri chi $6 Dunn,
Davies-Boudlin, Intra-Inter twong ting véi ting gia
tri cia K; dugc so sanh. Gia tri K;* dugc chon 1a
gi4 tri c6 it nhat 2 chi sb t6t nhit trong 3 chi sb.
Trong truong hop ca 3 chi s khong gibng nhau,
gia tri K; dugc chon twong Gng véi truong hgp co
gi4 tri MSE thap nhit.
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b) S6 cdy ciia rirng

Hinh 3: Vi du moi twong quan giira so cum dir li€u va so cay

3 THUAT TOAN UGC LUQNG SO CUM
DU LIEU CAI TIEN WEIGHTED-CELL-
MST-BASED

Dé cai thién két qua cua thut toan ude lugng
sO cum dir liéu Cell-MST-Based khi ap dung cho
mot s6 tap dir liéu dic biét, nghién ciu dé xuét sir
dung khoang céch co trong so thay gi khoang cach
Euclid, tiép theo 1a thay doi cac thudt toan xay
dung dd thi téi vy, ude luong s6 cum cho phu hop
v6i khai niém khoang cach c6 trong sé.

3.1 Khoing cich c6 trong sb

Khoang cach Euclid dung dé do khodng cach
giita 2 diém khong ¢ trong s, trong khi te bao dir
liéu c6 trong s6. Trong so cua té bao 1a tong trong
sO cua cac dbi tuong tao nén té bao nén vé ban chat
thi té bao c¢6 trong s6 16n hon s€ mang lai mot
luong thong tin khac hon so véi té bao ¢ trong sb
nho hon.

Goi w; la trong s6 cua t& bao i; o, =
(011,012, 01p, Wi),  0;=(0;1,0j2,*** Gjp, Wj), Op =
(0¢1,0g2, *** Op, W) 1a 3 té bao khac nhau véi oy 1a
gia tri cua thudc tinh k cia cac té bao; Edist() 1a
ham tinh khoang cach Euclid giira 2 té bao, Wdist()
12 ham tinh khoang cach c6 trong s giita 2 té bao.
Khoang cach co trong s6 dugc dinh nghia sao cho
thoa 3 tinh chat sau:

0 < Wdist(o;,0;) < Edist(0;,0;).
Wdist(ol-, 0]-) = Wdist(0}, 0;).

Néu Edist(0,,0;) = Edist(0,,0;) va w; > w;
thi Wdist(o.,0;) < Wdist(o,0;).

Goi Wy la trong sO 16n nhét cua cac t& bao
trong tap hop té bao O va w(o;) 1a ham lay trong
s6 cua té bao o; € 0. Bé dap ung duogc 3 thudc tinh
trén thi ham tinh khoang cach c6 trong sb gitra 2 té
bao duoc dinh nghia nhu biéu thirc (16)

W(OL)"'W(O])

Wdist(o;,0;) = Edist(o;,0;) — (16)

Chimg minh céc tinh chét:

47

Tinh chét 1:

Vi w(0;) +w(0;) < 2wy, va w(o;) >0,

w(o;)+w(oj)

w(0;) >0néntacd 0 < <1

Wmax
Mit khéc Edist(0;,0;) = 1 khii # j

W(OL)+W(O])

=0 < Edist(0;,0;) —
Edist(0;,0;) .

2Wmax

= 0 < Wdist(0;,0;) < Edist(0;, 0;).
Tinh chit 2:

Vi Edist(o;,0;) = Edist(0;,0;) va
w(0;)+w(0;) _ w(oj)+w(0;)
2Wmax 2Wmax

= Wdist(o;, 0;) = Wdist(g;,0,).
Tinh chit 3:
Vi W(Oi) > W(Oj)

- wo)+w(o;)

ta co w(o)+w(o))

2Wmax 2Wmax

Mit khac Edist(o, 0;) = Edist(o,, ©;).

=Edist(0,,0;) — —W(Z;)/er(oi) <
max
+ .

2Wmax
= Wdist(o.,0;) < Wdist(o,,0;).
Vi du: ¢6 3 té bao o, = (1,1,4), 0; = (3,4,2),

0; =(435). Ta c6 w(o,) =4, w(o)=2,
w(0;) =5, Wpgy =5, Edist(o,,0;) = 3.6056,
Edist(0,,0;) = 3.6056.

Ap dung biéu thirc (16):

Wdist(o,,0;) = 3.6056 — 1% =3.0056

. 9
Wdist(o,, 0;) = 3.6056 — — = 2.7056.
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a) Khoang cach Euclid b) Khoing cach trong sb
Hinh 4: Vi du minh hoa sy khac nhau giira khoing cich Euclid va khoing cich cé trong s6
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Hinh 5: Vi du minh hoa chia 1 tip dir li¢u thanh té bao

3.2 Thuat toan wéc lugng s6 cum dir liéu
cai tien Weighted-Cell-MST-Based

Khai niém khoang cach cé trong sb6 dugc trinh
bay trong muc 3.1 dugc sir dung dé tinh khoang
cach gitra cac té bao khi xay dung dd thi tdi wu. Do
d6, khoang cach ngén nhat gitra 2 dinh bét ky cia
d thi ¢6 thé nho hon 1. Didu ndy dan t6i s canh
cta dd thi téi wu trong thuét toan Weighted Cell-
MST-Based s& khac hon so véi sb canh cia dd thi
t6i wu trong thuat toan Cell-MST-Based. Sy thay
dbi nay dan dén két qua wéc luong sé cum dir lidu
cua thuat toan cai tién c6 thé khac hon so véi thuat
toan ban dau.

3.2.1 MG hinh téng quat cia thudt todn

Thuét toan uéc luong s6 cum dir liéu cai tién
gom 4 budc nhu sau:

Anh xa(X, m; v6ij=1t6iD)

v

Té bao cai tién(X, n)

v

Do thi t6i wu cai tién (0)

\

Uéc lwong nhom cai tién (Y)

Hinh 6: Minh hoa thuit toan wéc lwgng s6 cum

dir liéu c4i tién gom 4 buéc
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3.2.2 Bude 1: Anh xa doi twong div liéu vao #é bao

Noi dung ctia budc nay 1a chia tap dir liéu lon X
gom N doi tugng thanh mdt tap hgp céc té bao co
toi da MP t& bao. Mdi té bao chira nhiéu doi tuong
dir lieu.

Giai thuat cai tién st dung lai giai thuat Anh xa
(X, m; voi j=1 t61 D) cla thut toan Cell-MST-
Based dé anh xa cac dbi tuong dir liéu trong tap dir
liéu X sang té bao cua cac doi tugng dir ligu.

3.2.3 Bubc 2: Ldy tdp té bao

Muc dich cua budc nay 1a lya chon cac té bao
¢6 trong s6 >0 tir két qua cua bude 1. Trong sé cua
mdi té bao dugc dinh nghia 1a tdng trong sb cia
cac d6i twong dir lidu nam trong té bao. Gia tri
thudc tinh cua té bao dwoc tinh bang trung binh
cong gia trj thudc tinh twong tng cua cac ddi tuong
dir lidu trong té bao.

Cai tién giai thuat 7& bdo (X, n) cua thuét toan
udc lugng s6 cum Cell-MST-Based dé tinh trong
lugng cua timg té bao.

Thuét toan 5: T€ bao cai tién (X, n)

Input: Tip dir liéu X c6 N ddi twong trong
khong gian D chiéu, n 1a kich c& cia kiéu dir
liéu dung dé€ lwu gia tri khoang cach.

Output: Tp hop cac té nao O va véc to w.
Begin

1. LAy dung lwong kha dung cia bd nhé
RAM, goila C.

2. Giai phwong trinh (12), (13) dé tim
gia tri ctia M.

3. Tinh vector v,;, va V,, dwua vao
biéu thirc (7) va (8).

4. Tinh vector w dwa vao biéu thirc (9).

5. Tinh vector m; véij=1,...,D dwavao
biéu thirc (10).

6. Goi ham éanh xa (X,m; voi j=
1,..,D).

7. Tinh trong sd cta t€ bao bang tong
trong s cha ddi twong thudc té€ bao,
x6a bo té bao cb trong sd =0.

8. Tinh gia tri cac thudc tinh cho cic té
bao c6 trong s& >0 bing trung binh
gia tri thudc tinh twong rng cia cac
daéi twong thudc té bao.

9. Travé tip hop té bao O vaw.

End
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3.2.4 Budc 3: Xay dung do thi toi wu tir té bao

Muc dich cta budc nay la xay dung do thi toi
uu tr két qua cua budce 2.

Cai tién thuat toan D4 thi t67 wu (Y) cia thuat
toan udc luong s6 cum Cell-MST-Based dé tim do
thi toi wu tir tdp cac t€ bao.

Thuit toan 6: D6 thi tdi wu cdi tién(0)

Input: Tap hop té bao O.
Output: Do thi t6i wu G, gia tri cAm canh T, va
khoang cach ngin nhit giira 2 t& bao.
Begin
1. Tinh khoang cach c6 trong sé gitra cac
té bao goilaD.
2. Tinh cac gia tri min(D), mean(D),
and std (D).
Ty « max(mean(D), std(D)).
Xay dung d6 thi tir nhitng khoang
cach < Ty, goi la G.
Xay dwng cay MST tir G, goi la T,,.
Ty < maximum(canh cua T,)
Xba cac canh > T tir G,
Tra vé Gy, min(D), T,

- w

N w

End

3.2.5 Buéc 4: Ubc heong s6 cum div liéu két
hop phan cum

Muc dich cua budc nay 1a uédc lugng s6 cum dir
lidu cua tap tin ban dau thong qua tap té bao, két
hop voi viéc phan cum tap dir li¢u ban dau. Vi c6
thé c6 nhiéu gia tri s& lwong cum khac nhau nén
gia tri $6 luong cum tdi wu 1a gia tri cho két qua
céc chi sb so sanh tot nhét.

Cai tién giai thuat Udc lwong nhém (Y) cua
thudt toan udc lugng s6 cum Cell-MST-Based dé
udc luong sb nhom. Diém khac biét giita bude 4
trong thuat toan Weighted-Cell-MST-Based so voi
budc 4 cia thuat toan Cell-MST-Based 1a d6 dai
cua canh trong rung cdy F; cia thuat toan
Weighted-Cell-MST-Based c6 thé nho hon 1 trong
khi d6 dai cac canh trong rimg cdy F; cta thuat
toan Cell-MST-Based c6 gia tri nho nhét 1a 1.

Thuat toan Uoc lirong nhom cdi tién (Y) duoc
thiét ké lai nhu sau:
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- Obtain initial centroidsfrom F,

-Do K-Means clustering on X

- Convert initial centroid to the domain of X
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Build aforest Fyfrom G,

v
i=20
Ky=number of M5Ts from F,

Yes @

- Calculate validity index values No e
Store ii | P=i +.1
data } L =Th—iXa

Centroids, indexes.
validity index values,
cluster numbers

Remove edges=T; from F,_,
to construct a new forest F,

¥
K, =number of MT5s from F,

Store data

- Obtain initial centroidsfrom F,

- Convert initial centroid to the domain of X
-Do K-Means clustering on X

- Calculate validity index values

Hinh 7: Lwu dd thuit toan wéc lwong sé cum dir liéu két hop phin cum

4 KET QUA THUC NGHIEM
4.1 Cai dat thuit toan

Céc thuat toan duogc cai dat bé‘mg ngoén ngir C,
bién dich bang TDM-GCC 4.8.1 64 bit két hop v&i
Dev C++ 5.9.2, chay trén may tinh ¢4 nhan c¢6 céu
hinh: Intel processor core i5-3230M CPU 2.60 GH,
6GB of RAM, Windows 8.1. Thuat toan Eager
Prim (Sedgewick va Wayne, 2011) dugc sir dung

dé xy dyng cdy phu t0i thiéu. Cu trac dit liu
danh sach ké dugc str dung dé luu trir do thi.

Mot d6 thi dwgc dinh nghia 1a mdt mang cla
danh sach lién két. Mdi phan tir cia mang tmg véi
1 nat. Mdi danh sach lién két 1a mot danh sach cia
céc canh ndi voi 1 nit. M3i thanh phan ciia danh
sach lién két 1a mot cau triic lvu thong tin cia canh
g6m nat dau, nat cudi, trong $6, con tro chi dén
canh tiép theo.

Uy Uz | W, lg

L

Wy | o> e—>

Edge e,

Edge e,

Hinh 8: Minh hoa mgt danh sach lién két
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Hinh 9: Minh hoa mjt d6 thi dwgc lwu trir bing mdt mang ciia danh sach lién két

Ham GlobalMemoryStatusEx() cua Hé diéu
hanh Windows duoc st dung dé lay dung lugng
kha dyng cia by nhé RAM. Ba gia tri cia o (5,0%;
7,5%; 10,0%) duoc st dung dé kiém tra.

4.2 Dir liéu thue nghiém

Dir lidu dung dé thuc nghiém 1a céc tap tin da
duoc str dung bdi thudt toan Cell-MST-Based g6m
13 tap dir liéu (Van Hieu va Phayung, 2015). Trong
13 tap dir lidu dung dé thuc nghiém, c6 10 tap dir
liéu biét trude sé cum, 3 tdp dir li€u con lai chua
biét trudc sé cum dir licu.

Tat ca cac tap dir liéu dung dé thuc nghiém
khong chira dir liéu nhidu nén két qua ciia cac thuat
toan khong bi anh hudng boi dir liéu ngoai 1€.

Bang 2: Théng tin cac tip dir li¢u dung dé thuc

nghiém
S6  S6 doi
Tap tin thudc twongdit  So6 cun
tinh liéu
Simulation2D1 2 800.017 10
Simulation2D2 2 800.017 16
Simulation2D3 2 1.150.000 22
Simulation2D4 2 1.450.000 29
Simulation3D1 3 300.000 7
Simulation3D2 3 371.000 7
Simulation3D3 3 1.150.000 23
Simulation3D4 3 1.450.000 25
Transactions70k 2 665470 4
Transactions90k 2 855367 4
3D road networks 3 343.874 Unknown
TDriveTrajectory 2 17.760.778 Unknown
GeolifeTrajectory 2 24.895.830 Unknown
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4.3 Két qua thir nghiém

So sanh két qué thyc hién cia gidi thuét udc
lwong sb cum dir liéu ban dau (Cell-MST-Based)
va giai thuat cai tién (Weighted-Cell-MST-Based)
cho thay:

Dbi va6i 10 tap dir lidu da biét trude s6 cum thi
két qua cua giai thuat cai tién giéng v6i két qua cia
giai thuat ban dau ddi véi ca 3 gia trj cua a.

Déi voi 3 tap dit liéu chua biét trude sé cum thi
¢6 1 truong hop két qua giébng nhau (tap dir ligu
GeolifeTrajectory), 1 truong hop giai thuat cai tién
uoc lugng it cum hon (tdp dir licu 3D road
networks). Dfc bigt, doi voi tip di lidu
TDriveTrajectory thi giai thuét cai tién cho két qua
nho hon va on dinh hon.

Dé hiéu k¥ hon két qua cia 2 tap dir liéu 3D
road networks va TdriveTrajectory, ching ta xét
tiép chi s6 Intra-Inter. Khi so sanh céc chi sb Intra-
Inter, nhitng trudng hop ma 2 thudt toan cho két
qua khic nhau (3D road networks,
TDriveTrajectory) thi gidi thuat cai tién cho két
qua t6t hon giai thudt ban déu vi két qua phan cum
clia giai thuat cai tién co gia tri Intra-Inter nho hon
két qua phan cum cua giai thuat ban déu.

Khi xét vé muc do chinh xac thi giai thuét cai
tién cho két qua tot hon giai thuat ban déu khi ap
dung véoi 2 tap dir liéu 3D road networks va
TDriveTrajectory boi vi 2 tap di liéu nay céd su
phan phdi dir liéu dic biét hon so véi cac tap dir
liéu khac. Cu thé 1a trong s6 cua cac té bao gﬁn
nhau c6 d¢ chénh léch kha lon. Do chinh 1a nguyén
nhan tai sao chung toi dé xuét str dung khoang cach
¢6 trong sb gitra cac té bao.
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Bang 3: So sanh két qua s6 cum dir liéu wée hrgng dwogc

Cell-MST-Based

Weighted-Cell-MST-Based

Datasets 0=50% a=7,5%  a=10,0% 0=50%  a=7,5%  a=10,0%
Simulation2D1 9 9 9 9 9 9
Simulation2D2 16 16 16 16 16 16
Simulation2D3 20 20 20 20 20 20
Simulation2D4 29 29 29 29 29 29
Simulation3D1 7 7 7 7 7 7
Simulation3D2 5 5 5 5 5 5
Simulation3D3 23 23 23 23 23 23
Simulation3D4 25 25 25 25 25 25
Transactions70k 4 4 4 4 4 4
Transactions90k 4 4 4 4 4 4
3D road networks 6 6 6 5 5 5
TDriveTrajectory 4 5 4 2 2 2
GeolifeTrajectory 2 2 2 2 2 2

Bang 4: So sanh chi s Intra-Inter d6i véi 2 tap dir liéu cé két qua wée lwong s6 cum dir liéu khac

nhau, voi a=10%

Giai thuit Cell-MST-based

Giai thuat Weighted Cell-MST-based

Téap dir liéu

S6 cum Intra-Inter S6 cum Intra-Inter
3D road networks 6 0,301750 5 0,289281
TDriveTrajectory 4 0,004220 2 0,001682

Bang 5: So sanh thoi gian thye hién (s6 phit) véi a=10%

Datasets Thuat toan Cell-MST-Based Thuat toan Weighted-Cell-MST-Based
Simulation2D1 3,92 3,92
Simulation2D2 3,47 1,94
Simulation2D3 1,74 1,74
Simulation2D4 1,59 1,59
Simulation3D1 0,47 0,47
Simulation3D2 1,20 0,88
Simulation3D3 2,06 2,06
Simulation3D4 2,36 2,37
Transactions70k 0,68 0,46
Transactions90k 0,45 0,97
3D road networks 0,97 3,92
TDriveTrajectory 29,04 29,55
GeolifeTrajectory 9,05 6,92

5 KET LUAN Cell-MST-Based cho két qua tot hon so véi thuat

Khi mat d cua cac d6i tugng dir li¢u tai nhitng
ving gan nhau c6 sy chénh léch qua 16n thi kéo
theo su chénh 1éch 16n vé trong s6 cua céc té bao
gan nhau. Chinh diéu nay lam cho viéc ap dung
khoang cach Euclid khong con phu hop nita boi vi
lwong théng tin ma cac dbi twong dong gop vao
cong thire tinh khoang cach Euclid bang nhau trong
khi trong s6 that sy cling nhu mic do ¥ nghia cua
céc té bao hoan toan khac nhau.

Do d6, khi 4p dung khoang cac c6 trong sb vao
qué trinh tinh khoang cach giita 2 té bao thi giai
thuat udc luong sé cum dir liéu cai tién Weighted-

52

toan ban dau 13 Cell-MST-Based.

Hién tai, hiu hét cac may tinh c4 nhan déu 1a
may tinh c6 da bo xtr Iy. Dé tang thoi gian xtr Iy dir
lidu, giai thuat Weighted-Cell-MST-Based c6 thé
thiét k& lai theo mo hinh MapReduce dé tan dung
kha ning cia tat ca cac bo xir Iy.

Mit khéc, cac tap dir liéu dung dé phan cum c6
thé chira cac ddi tuong dir liéu ngoai 1&. Nén ap
dung thuat todn loai bo cac déi tugng dir liéu ngoai
1¢ Cell-DROS (Hieu and Phayung, 2016) dé loai bo
dir liéu ngoai 1€ trude khi ap dung thuét toan udce
luong s6 cum dir lidu.
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