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Loi cam on

Chding t6i xin chan thanh cdm on Ban t6 chiic trai hé PIMA da mang téi cho chiing t6i mot
trai hé vd cling b6 ich va thu vi, da tao diéu kién cho moi ngudi c6 co hdi hoc tap va nghién
ctiu nhitng phan that su thi vi trong todn hoc cling nhu cac tng dung trong Data Science.
Ngoai viéc hoc todn, ching téi con ducc gap va tiép xuic véi nhiéu ngudi cé cling dam mé Vi
Toan trén moi mién dat nudc.

Chding tbi xin cdm on cdc dién gid da téi va cé nhiing budi néi chuyén than mat, nhung ciing
rat chi tiét va dem lai cho chdng téi nhiing kién thiic b6 ich, qua dé da gitp ching toi hiéu
hon ciing nhu dugc truyén Itta dam mé trong viéc hoc sau nay. Cudi clng, xin cdm on anh
Can Tran Thanh Trung, anh Nguyén HS Thanh Long va anh Vi Lé Thé Anh da theo sat
nhém ching tdéi trong qua trinh hoan thanh du an nay.

Trai he PIMA 2021 tuy ké&t thic nhung chdng toéi tin rdng tinh than chia sé tir nhiing con
ngudi noi day sé thic ddy PiIMA phat trién hon nita trong tuong lai. Nhitng bai hoc tur day sé
gilip ching téi dén dau cac thir thach méi moét cach chu déng va nhiét tinh.

Bai viét nay duoc da hoan thanh trong 2 tuan cla trai he, do dé sé khéng thé tranh khoi
nhiing thiéu sét. Néu ban doc cé y kién hay gép y dén bai bdo cdo thi cé thé lién hé véi cac
tac gia 6 email nguyenluongthang33@gmail.com.

Tom tat noi dung
Bai bdo cdo md td vé thuat todn mean shift clustering, bao gom viéc trinh bay Ii thuyét,

chiing minh todn hoc vé tinh ding dan va tinh diing cla thuat todn, cling nhu md ta thuat
todn va trinh bay két qua trén mét sb vi du cu thé.
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1 Dat van dé

1.1 Gié6i thiéu vé bai toan phan cum

Phan cum |3 bai todn rat quan trong trong khai pha di liéu, né thudc 16p cdc phuong phap
unsupervised learning (hoc khong gidm sat) trong machine learning. C6 rat nhiéu dinh nghia
khac nhau vé bai todn nay, nhung vé ban chat ta cé thé hiéu phan cum la dua dbi tuong vé
cdc cum (clusters), sao cho cac déi tuong trong cling mét cum thi cé dic diém tuong tu
nhau. Tuy nhién, khéng cé tiéu chi nao dudc xem |a tét nhat dé danh gid hiéu suat cla két
qua phan cum, diéu nay phu thuéc vao muc dich cta phan cum nhu: gidm di liéu, phat hién
diém ngoai lai (outlier).

Mot sb thuat todn phan cum: k-mean, mean shift, k-nearest neighbors

Original unclustered data Clustered data
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Hinh 1: D{ liéu khi st dung bai toan phan cum

1.2 Ung dung cta bai toan phan cum

e Phan mang hinh anh (xem thém [5][6]).

Marketing: Xdc dinh cdc nhém khdch hang tiém nang, phan loai va du dodn hanh vi
khach hang.

Bao hiém, tai chinh: Phan nhém cdc dbi tuong st dung bdo hiém va cac dich vu tai
chinh, du dodn xu hudng cua khach hang, phat hién gian lan tai chinh.

Sinh hoc, y hoc: Phan nhém doéng vat va thuc vat dua vao cac thudc tinh cia chiing.

Clustering in Real World o
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Hinh 2: Ung dung cta bai toan phan cum trong marketing



2 Thuat toan mean shift clustering
2.1 Mét sb ky hiéu

e V6i x la mét vector thudc khong gian d chiéu (x € RY) thi: [|x|| = /30, x2.

e S 13 mién xac dinh cla tap di liéu (S C R? v6i d 1a sb chiéu cla dir liéu).

2.2 Kernel density estimator (KDE)
2.2.1 Dong luc

Giad dinh rang c6 mot tap dit liéu rdi rac hitu han duoc sinh ra theo mét phan bd nao dé.
kernel density estimator (KDE) |a mét phuong phap khong cé tham sé (non-parametric) duoc
sir dung dé udc lugng ham phan bd xac suat (probability density function) d& duoc ding dé
sinh ra tap di liéu nay.

2.2.2 Kernel

Ham K(X) : S — R dugc goi la mot kernel khi va chi khi ton tai mot ham k : [0, +00) — R
thod man:

o K(x) = k(IIXI?)
k(x) khéng am
k(x) khéng tang, tic la Va < b : k(a) > k(b)

k(x) kha vi v6i moi x € [0, +00)

fOJrOO k(x)dx < +oo (théng thuong dé chuan hod, tich phan nay cé gia tri bang 1)

Mot s kernel thudng gap trong khoa hoc dii liéu: flat, triangle, Epanechniko, quartic (biweight),
tricube, triweight, Gaussian, quadratic. Cu thé trong thuat todn mean shift, flat va Gaussian
kernel la 2 kernel phd bién ma ta thuong thay khi tim hiéu vé thuat toan nay:

Flat kernel

1 ifx<\
kx)=4- "N
0 ifx> A
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Hinh 3: Unit flat kernel cho d liéu 2 chiéu
Gaussian kernel
X2
k(x) =e 22,

trong dé tham sb do6 léch chuan o duoc coi nhu 1a tham s6 bandwidth cla thuat todn mean
shift (sé dugc giai thich ré hon sau).
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Hinh 4: Unit Gaussian kernel cho di liéu 1 chiéu

Hinh 5: Unit Gaussian kernel cho dit liéu 2 chiéu
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2.2.3 Ham kernel density estimator

Goi (X1, X0, ..., X,) 12 n diém di liéu dugc 1ay miu doc 1ap v6i nhau tir mot phan bd xac suat
nao d6é c6 ham mat doé f. Ching ta can uéc luong hinh ddng ham f nay. Ham £ ¢6 thé duoc
uéc lugng bsi ham so f, goi la kernel density estimator (KDE) va tinh bdi cong thic [6]:

X — Xj
).

A0 = - 3K

(1)

Trong d6 K la ham kernel con h la tham s6 ban kinh (bandwidth), anh huéng dén do tron
trong udc lugng cta phan phdi (sé dugc giai thich ré hon sau).

2.3 Phuong phap Gradient Descent

Trong cdc bai toan téi uu hda, chiing ta thudng xuyén phai tim cuc tiéu (hodc cuc dai) cla cic
ham s nhiéu bién va kha vi. Hudng tiép can phé bién nhat 13 xuit phat tr moét diém xo, sau
dé dung mot phép todn |13p di 1ap lai dé tién dan dén diém can tim, tic dén khi dao ham gan
véi 0. Gradient descent la mot trong nhiing phuong phap dugc dung nhiéu nhat. Tu tudng cua
thuat toan nay I3 di ngugc chiéu dao ham dé tim cuc tiéu (hodc di cung chiéu dé tim cuc dai).

Thuat toan gradient descent
Dt liéu dau vao: ham f(u) can di tim cuc tiéu theo bién u, tbc dé hoc a > 0 va diéu kién
dung € > 0.

1. Chon ug,a >0, > 0.

2. V6ii=1,2,...
o If||VF(u)|| < e: trd vé u; va dung thuat toan;
e Else: cap nhat vjy 1 = v+ aVf(u).

Trong dé, o la tbc do hoc cla thuat todn, quyét dinh dé dai budc di theo hudng gradient.
Viéc chon a cé vai trd quan trong vi néu a qua nho thi ta sé mat rat nhiéu thoi gian dé chay
thuat todn. Nguoc lai, a qud I6n thi c6 thé sé khéng hoi tu dén cuc tri can tim. Chinh vi vy,
nhiing phién ban cai tién hon cla gradient descent cho phép diéu chinh téc dé hoc theo ting
budc.

2.4 Thuat toan mean shift clustering
2.4.1 Lich sir hinh thanh

Thudt todn mean shift clustering ra doi vao nam 1975 bdi Fukunaga va Hostetler. Thuat
toan nay va cac phién ban hoan thién hon cla né thuong ducgc (ng dung vao cac bai toan:
phan cum di liéu (clustering), phan mang hinh anh (image segmentation), do theo dbi tuong
hinh anh (object tracking).

2.4.2 Tong quan thuat toan

Mean shift clustering thudc loai thuat toan phan cum bdng cach sit dung phuong phap
multiple restart gradient ascent dé dua cac diém dir liéu vé cac cuc dai dia phuong ctia ham
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KDE (nhiing cum c6 méat dé cao). Qua tiung budc mean shift, ham KDE sé dugc cap nhat
lai nén & day gradient ascent sé dung multiple restart dé tinh duoc vi tri méi cia méi diém.
Khi thuat todn diing, méi diém duoc gan cho mdt cum.

Khoéng gibng nhu thuat todan phan cum k-means phé bién, mean shift clustering khéng yéu
cau chi dinh trudc sb luong cum. Sb luong cac cum duoc xac dinh bdi thuat todn dbi véi di
liu.

2.4.3 Cac budc trong thuat toan mean shift clustering

Cho Q C S |a mét tap hiu han dir lieu xung quanh diém x va ham kernel K. Gid tri trung
binh c6 trong sb véi kernel K tai diém x duoc dinh nghia nhu sau:

X;Q K(xi — x)xi
m(x) = S Ko=) (2)
XiCQ

Khi d6, m(x) — x, duoc goi la mean shift vector v, sé chi mdi diém vé hudng clia cum c6 mat
dd cao. Thuat todn mean shift sé gan x < m(x) va lap di lap lai cho dén khi hoi tu.
Nhu vay, thuat todn mean shift gdm 2 qua trinh sau:

1. Mean shift
(a) Tinh todn va dich duyén diém x} téi vi tri méi x! .
(b) Tinh todn mean shift vector v(x}).
(c) Lap lai 2 budc trén cho t6i khi x!™ gan nhu hdi tu (tuong dng véi v nho).

2. Clustering: Xép cac diém di liéu vao cidc cum thich hop.

2.4.4 Y nghia toan hoc ctia buéc mean shift

Vé ban chit, qud trinh mean shift cac diém chinh |3 qud trinh dung gradient ascent tim ra
cac cuc tri dia phuong cta ham KDE. Theo 1.2.3, ham KDE dugc dinh nghia nhu sau (tham
khao [6]):

X — X

Q) = Y K(E), 3)

Trong dé, h la tham s6 bandwidth chi ban kinh cla kernel va ham K(x) dugc dinh nghia nhu
sau:
K(x) = ck(lIxI1*), (4)

véi ¢ 13 hang sb6 chuan héa va k 13 ham kernel duoc dinh nghia & muc 2.2.2. Hing sé chuan
héa duoc sir dung dé€ gidm bat ky ham xdc suat nao thanh ham mat dé xac suat véi téng xdc
sudt 1a 1. Thay (4) vao (3), ham du dodan mat do (3) sé tré thanh:

fK(x,Q)ZEZk< ) (5)

i=1
Ham du doan mat do gradient cé duoc bang cach lay gradient clia ham (5):

) . (6)

X — Xj
h

X — Xj

h

nh? 4
=1

5

V(@) = 253 (x—x,)k’(



Dit
g(x) = —K'(x). (7)

)

Thay (7) vao (6), ta dugc:

2 n
V&&LDZE%EXM—MQ(X
i=1

$ X=X |12 .
o > a5 )
= nh2 Zg . . — X
;Q(IIT’IP)
Suy ra,
> 915 .
= =X+ — Vik(x,S). (8)
;g(\l%ﬂz) 2629(\\%!\2)

Gid day, vé trai cla (8) chinh 13 vi tri tiép theo ma diém x dugc dich chuyén tdi, gibng nhu
trong thuat todn gradient ascent. C6 thé thiy day Ia budc gradient véi tbc do hoc tai di€ém x
phu thuéc vao vi tri ma né dang diing. Cu thé, khi diém x & cac viing cé gid tri mat do thap,
tlic 13 cang & xa trung tam cdc cum, thi vector mean shift cé gia tri cang I6n dé diém x c6
thé dén duoc cac cuc dai dia phuong nhanh hon. Nguoc lai, khi dén gan cuc dai dia phuong,
cac vector mean shift sé nhd lai dé khéng bi vang ra khéi ving dé. Do dé, qud trinh mean
shift da st dung thuat todn multiple restart gradient ascent dé dua mdi diém vé ding cum.

2.5 Tham s6 bandwidth

2.5.1 Gidi thiéu

Bandwidth cla kernel 13 mdt tham s tu do c¢6 dnh huéng manh mé dén két qua udc tinh.
Tuy thudc vao bandwidth dugc st dung, bé mat KDE (va két qua phan cum) sé khac nhau.
Néu ta sir dung mot bandwidth cuc ki nho, bé mit KDE sé c6 mot dinh cho mébi diém. Diéu
nay sé dan dén viéc méi diém duoc dit vao mot cum riéng cta né. Nguoc lai, néu ta su
dung bandwidth cuc ki 16n sé dan dén tat ca cac diém thudc vao cing mdt cum. Vi vay cac
bandwidth & gita hai diém cuc nay sé tao ra cdc phan nhém dep hon.

D& minh hoa (xem hinh 6), ta 1y mdt miu ngiu nhién tir phan phdi chuan trén khéng gian
1 chiéu (duoc vé tai cac gai mau xanh duong trén truc hoanh). Dudng cong mau xam la
ham mat do6 thuc (cé gid tri trung binh 1a 0 va phuong sai 1). Khi d6, dudng cong mau do
qud gd ghé (hién tugng undersmoothed) vi n6 chdia qua nhiéu dinh dugc tao ra tir viéc su
dung bandwidth qud nhé h = 0.05. Dudng cong mau xanh 13 cay lai qua bang phang (hién
tugng oversmoothed) vi sit dung bandwidth I6n h = 2. Dudng cong mau den cé bandwidth
h = 0.337 duoc coi la tdi uu vi udc tinh mat doé cta né gan véi mat do thuc.
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Hinh 6: KDE véi cdc bandwidth khac nhau cla mét phép thi ngau nhién 100 diém tu phan
phoi chuan.

2.5.2 Danh gia do tét cia bandwidth

C6 nhiéu cach danh gid do toét cla bandwidth, cach phé bién nhit la st dung ham mat mat
L, (con goi la MISE - mean integrated squared error).

MISE(h) = E U(f;(x) — f(x))%dx]|, (9)

v3i ﬁ, |2 ham KDE ma ta du doan con f 1a ham mat doé xac suat that su. Bang chiing minh
todn hoc [9], gia tri h lam cho ham MISE dat gid tri nhd nhat la:

_ [ K(x)?dx
N [[ x2K(x)dx] [[ F"(x)2dx] n'/5° (10)

Luu y rang, céng thic & trén khong thé ap dung dugc trong thuc hanh, bdi 18 trén bd dit liéu
thuc té, do ta chua biét dugc f nén ciing khéng thé tinh duoc .

Néu gid dinh rang dit liéu dugc sinh bang phan phdi chuan, ngusi ta cé thé chiing minh duoc
ham mat mat L, dat gia tri cuc tiéu tai (tham khao [11]):

- () )

Tuy nhién, trén thuc té gid dinh nhu vay |3 chua chuan, bdi Ié ta chua biét ham mat do xac
suat cla dir liéu dau vao nén méi phai di udc luong né bang phuong phap KDE. Trong trusng
hop ham mat doé that su khéng giébng nhu gid dinh, viéc dat gid tri cuc tiéu cla ham mat mat
L» khéng con tuong duong véi viéc udc luong KDE 13 gan ding véi ham mat dé that. Hinh
dudi day minh hoa cho vi du vira néu, trong dé ngudi ta tién hanh sinh 200 diém theo phan
phdi hén tap véi ham mat do



(x — 10)? (x + 10)?
L 2 + L 2
24/ 27 24/ 27

thé hién bang duong mau xanh duong, dudng mau den 13 uéc luong KDE tim dudc tai
bandwidth theo céng thic (11), con duong mau dé cé h dugc tinh todn theo (10) va (12).
Ta thay rang véi mot gid dinh sai thi ham KDE ma ta uéc luong dudc khéng chinh xac, cu
thé trong trudng hop nay udc lugng tim dugc |a qua bang phang (oversmoothed).

f(x)= e

0.2

rule of thumb
L true model
0.18 solve-the-eqn.
0.16
0.14
. 012
E 0.1
g
0.08 r
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0.04 r
0.02 r
ok "
-25 20 15 10 5 0 5 10 15 20 25

Hinh 7: Viéc danh gid do tét ctua bandwidth lién quan dén gid dinh cla ta vé kernel

T6i hién tai, bai todn chon bandwidth cho hop Ii v& mat toan hoc van con la mét bai todn
md&. Phuong phdp chon bandwidth duoc dung phd bién hién nay la nhiing phuong phap phu
thudc vao chinh bd dit liéu (adaptive kernel density estimation., xem [12], [8])

2.6 Su héi tu va tinh dimg cia thuat toan

Nhu ta da chiing minh & trén thi thuat todn mean shift da st dung gradient ascent dé dua
mdi diém dén cuc dai dia phuong trong tap data moét cach doc lap. Vi vay, néu tap data hodc
mat dd cla né khéng thay déi trong qud trinh thuc hién thuat todn thi su hdi tu cta thuat
todn mean shift 13 hé qua cla viéc sir dung gradient ascent dbi véi cac diém x riéng 8.

Dbi véi di liéu roi rac, s6 budc hdi tu phu thude vao kernel duoc sir dung. Khi G 1a flat kernel,
su hoi tu dat duoc trong mot sb budc hitu han vi sb luong vi tri tao ra cic gid tri trung binh
khac biét [a hitu han. Tuy nhién, khi ta sit dung mot kernel khac, vi du nhu Gaussian kernel,
thi su héi tu sau hitu han budc 13 khdng chac chan hodc sé tén rat nhiéu budc. Trén thuc té,
dé tranh 13p v han, ngudi ta dat gidi han dudi cho do6 16n clia vecto dich chuyén trung binh,
tic la khi nao dé dai mean shift vector di nhé (||v(x;)|| < €) thi dung.

Mac du thuat todn mean shift duoc sir dung roéng rai véi nhiéu ting dung khac nhau nhung su
hdi tu clia né & truong hop téng quat van con la mot bai todn mé. Trong mot sd diéu kién
nhat dinh vé kernel va sb chiéu, ching ta c6 mot sb két qua sau:

Dinh Iy vé su hdi tu cla thuat todn mean shift trong truong hop 1 chiéu (tham khao phan
chiing minh 6 [1):



Dinh ly 1. Cho X = {x1, x>, ... x,} C R 13 tap dit liéu dau vao. ﬁ,,k(x) la ham udc tinh mat do
xdc suat str dung kernel K vdi k 16i, kha vi, tang ngdt va bandwidth h. Gia str g(x) = —k'(x)
la moét ham gidm ngdt, dat y; , la diém mean shift cda x; & budc thit m thi ta c6 day (Y m)
sé hoi tu V1.

Trong khoéng gian nhiéu chiéu véi Gaussian kernel, ta c6 b6 dé dinh ly sau day (tham khao
phan chiing minh & [2]):

B6 dé 1. Cho X = {x1, %, ...Xx,} C RY 3 tap dit liéu dau vao. Gia sir f(x) la ham udc

tinh mat dé xdc sudt véi ma tran hiép phuong sai ~ = h?l. D3t ||Xmax|| = max l|xi]|. Néu
<i<n

l|Xmax|| < h, thi ma tran Hessian ctia ham udc tinh mat dé xdc suat tai nhitng diém dirng kha
nghich va nhiing diém dirng ciing bi cé Iap.

Luu y rang sb luong diém diing clia Gausian kernel sé bat bién trong qua trinh thuc hién mean
shift. Chinh vi vay, néu diéu kién max ||x; — xo|| diing cho mét sb diém trung tam thi bé dé 1
<i<n

sé ding va diéu kién di sé thuc té hon. Trong truong cdc diém ding co 1ap va cé sb luong
hitu han thi ta cé dinh ly sau:

Dinh ly 2. Cho X = {x1, %, ...x,} C RY [a tap dit liéu dau vao. Gia sir rang cdc diém dirng
bi c6 lap thi day (yi m) vdi m — oo sé hoi tu i voi y; m 1a di€m mean shift cia x; & budc thir
m.

Dinh ly 2 ddm bdo su héi tu cha vi tri cac diém mean shift khi cac diém ding (cuc dai dia
phuong) bi cd lap (véi nhiing diéu kién di dugc chi ra 6 bo dé 1). Tuy nhién, viéc tim va
sir dung mot ma tran hiép phuong sai X théa man diéu kién du trong bé dé 1 13 mét nhiém
vu kho khan va lam tang do phuc tap, dac biét khi kich thuéc cla tap dir liéu dau vao 16n.
Do dé, trong thuc té dé gidm chi phi tinh toan, ma tran hiép phuong sai dudc chon ty [& véi
ma tran ¥ = h?l. Khi ma tran hiép phuong sai dudc chon ty 1& v6i ma tran trén, cic diém
diing sé cb dinh néu ||xmax|| < h. Tuy nhién trén thuc té ching ta sé khong chon mét gia
tri bandwidth h 16n dé€ dam bao diéu nay, vi do chéch 16n sé dan dén udc tinh ham mat do
xac suat kém, dan dén vi tri cac diém dung khéng chinh xac. Tém lai, cac diéu kién ly thuyét
duoc cung cap bdi bé dé 1 dé udc luong ham mat do xac suat Gaussian cé cic diém ding co
lap chi duoc sir dung han ché trong thuc té.

3 Ap dung md hinh

3.1 Thuit toan mean shift clustering co ban trén bé dir li€u mouse.csv

Bo6 di liéu nay cé hinh dang nhu sau:



Correct Labels

Hinh 8: B6 di liéu mouse.csv v4i két qua phan cum du tinh

Ta cé thé chay thuat todn mean shift clustering v6i tham sb6 kernel=Gaussiankernel,
bandwidth=0.116 va quan sat su thay déi clia cac diém trong tdm sau mdi iteration nhu sau:

Original Data Points . Centroids Centroids Centroids
T T T T
04 06 04 06
Centroids Centroids Centroids Centroids
075 {m 075 {m 075 {m 075 {m
[ ] [ ] [ ] [ ]
0701 0.70 4 0.70 0.70 4
065 1
0.65 1 0.65 0.65 1
0.60 o? 260
. - 0.60 1 0.60 -
055 4
0.55 -
050 .) .S 055 1 055 1
0.50 1
0.45 4 0.50 4 0.50
. . ~.
040 1 T T 045 1 T T T T T T
04 06 04 06 04 06 04 06
Centroids Centroids Centroids Centroids
075 {m 075 {g 075 {a 075 {a
a a a a
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Bang 1: Cic diém trong tdm mdi cum sau cdc iteration tir thir 0 dén thi 11 theo thi tu tir
trai sang phai, tu trén xudng dudi
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Hinh 9: B dit liéu mouse.csv sau khi da chay thuat todan véi Gaussian kernel,
bandwidth=0.116. Mot s6 diém khéng ducc cluster chinh xdc duoc khoanh mau héng.

Thuat toan khi két thic cho ta 3 trong tam. Diéu nay 1a chinh xdc, tuy nhién cé6 mot sb it
diém van chua dudc phan vao ding cluster. Diéu nay cé thé duoc gidi thich bang ham KDE:
tai nhiing diém bi cluster sai, gradient clia ham KDE déu hudng vé cluster mau xanh (vang)
thay vi cluster mau tim do mat do diém tai window ban kinh bandwidth tai cic diém nay cé

My Mean Shift Labels

0.8

0.7

0.&

05

04

03

0z 04 06 08

nhiéu diém mau xanh (vang) hon so v6i mat dé cic diém mau tim.

3.2 Ap dung cic kernel va bandwidth khac nhau

3.2.1 Dataset mouse.csv
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0.5 1

0.4 4
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h=0.089 | score=0.7349
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0.2 0.4 0.6 0.8

0.6 0.8

0.2 0.4 056 0.8
h=0.125 | score=0.8301

0.8

0.7 A

0.6

0.5

0.4

0.3 A

0.2 0.4 0.6 0.8

Hinh 10: flat kernel trén dataset mouse.csv trén mét sd bandwidth
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h=0.08 | score=0.6496 h=0.089 | score=0.6650 h=0.098 | score=0.8030
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0.2 0.4 0.6 0.8 0.6 0.8 0.2 0.4 0.6 0.8
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Hinh 11: Gaussian kernel trén dataset mouse.csv trén modt sé bandwidth

Chi xét dén bo dit lieu nay, c6 thé thay rang véi gid tri bandwidth thich hop, két qua cho
Gaussian kernel t&6t hon mot chit so véi flat kernel. Diéu nay cé thé ducc giai thich do cach
ma bo di liéu mouse.csv nay dugc xay dung.

3.2.2 Dataset blobs

Hinh 12: M6t bd dit liéu blobs véi cach phan cum chinh xac

Vi dataset nay, chiing toi sinh ra nhiéu bd dir liéu khac nhau véi cling tham sbé nhu sau:

1 X, Y = make_blobs (250, 3, centers = [[0,0.1,5.3],
[6.6,5.4,5.8], [6.5,-1.1,-0.2], [1.5,5.1,0.1]1]1,
cluster_std=1.13)
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roi sau do tién hanh chay nhiéu lan trén cic bandwidth dao déng tir 1.4 dén 5.3 va xem dé
chinh xac (tinh theo [10]), trén cdc kernel flat, Gaussian, thu dugc biéu dé sau day:

10 1
0.9 4
0.8 1
0.7 1
TR — Cl.as.sicFIat
MinibatchFlat
— ClassicGaussian
T T T T T T T T

15 20 25 30 i5 40 45 50 55

Hinh 13: D6 chinh xac (V-measure) trén dataset blobs, trén cdc thuat toan Classic (kernal:
flat, Gaussian), Minibatch (kernal: flat), véi bandwidth chay tir 1.4 dén 5.3

Trong trudng hop nay, khi bandwidth thich hop, flat kernel cé vé cho két qua tét hon. Diéu
nay la trdi nguoc khi so sanh véi dataset mouse.csv. Khi bandwidth qua I6n hodac qud nhd,
két qua phan cum tré nén hén loan. Cu thé khi bandwidth 16n, cac diém khic cum sé duoc
dua vao cluing cum, ndi cach khdc s cum phan duoc 1a nhé hon 3, con khi bandwidth nho, sb
cum phan duoc 13 rat 16n. Tu day, ta cé thé két luan rang viéc chon kernel va bandwidth phu
thudc nhiéu vao dit liéu, va dé chic chan ta can phai thit nhiéu lua chon khac nhau dé chon
ra duoc siéu tham sb cho két qua tbét nhat.

Ghi chd rang, cach danh gid thuat toan clustering bang V-measure khong phai 13 cach danh
gia duy nhat. M&i cach danh gia (evaluate) cé mot sé uu nhugc diém khac nhau, nam ngoai
pham vi nghién ctu cta bai nay. C6 thé tham khdo thém vé diéu nay tai tai liéu tham khao
cua thu vién scikit-learn.

3.3 Phan mang hinh anh (Image Segmentation)

Thir nghiém trén data Silhouette of Mountains (ngudn tham khao: [4]) (trong phan nay goi
tat |a dataset scenery.png):

Hinh 14: Silhouette of Mountains, Simon Berger

Muc tiéu: phan mang anh thanh cac mang mau.
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https://scikit-learn.org/stable/modules/clustering.html#clustering-performance-evaluation
https://scikit-learn.org/stable/modules/clustering.html#clustering-performance-evaluation

Ung dung phan mang hinh anh cé thé minh hoa ré nhit cach ma tham s& bandwidth anh
hudng sau sac dén két qud phan cum. Nhu hinh minh hoa bén duéi, anh gbc ducc phan cum
dua trén cac bandwidth khac nhau (cdch biéu dién két qua phan cum: cac pixel cing mot
cum thi dugc t6 cing mot mau).

R ————— ]

h=12.5

=

4

_"ﬁ_-'“"_
h=18
h=50

h=75 h=125

Bang 2: Bo dii liéu scenery.png khi chay trén cic bandwidth tir 12.5 dén 125

3.4 T6i uu hoa Minibatch cho thuat todn mean shift clustering
3.4.1 Dong luc

Khi dinh gid do phic tap thuat todn mean shift clustering, ta cé thé thiy tai mdi lan duyét
(iteration) tén chi phi do phic tap thoi gian vao cé O(n?) (n diém x can tinh lai m(x), mdi
lan tinh lai mat O(n)), khién do phtc tap chung cla thuat todn roi vao khodng O(iter x n?)
véi iter 1a s lan I13p.

Xem lai cong thic tinh m(x) (cdng thic (2)):

> K(x — x)x;
(x) = 52 .
" > K0 —x)
X CQ
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Budc nay c6 doé phic tap O(n) do ta duyét hét toan bd moi diém, 1an luct kiém tra ting diém
xem diém nao nam trong ban kinh h rdi tinh trong sb tuong ting. Tuy nhién trong trudng
hop ta bi han ché vé mat thoi gian, ta cé thé dung mét udc luong kém chinh xdc hon dé
tinh m(x) theo tu tudng sau: chon mét tap hop con ngdu nhién cla nhiing diém di liéu (goi
la moét batch), véi di nhiéu diém dé dai dién phan bb xac suat f ban dau, roi chi tinh trung
binh cdng c6 trong sé theo nhiing diém da chon. Diéu nay |3 tu tudng chinh cta phép téi uu
minibatch: tinh dang ké vé mat thong ké (statistically significant).

Trong thuc té cai dat, thay vi sinh cho mbi diém mét batch ngdu nhién khac nhau, ta thuc hién
phan hoach ngau nhién tap di liéu ra cac tap con, mdi tap cé kich thudc xap xi batch_size,
khi d6 diém di lieu nam trong tap con nao thi batch tuong ting la tap hop dé.

3.4.2 Thuat toan

Phan mean shift ctua thuat todn dudgc mo ta cu thé nhu sau:

1. Tai mbi iteration, phan hoach ngau nhién bé di lieu X ra thanh mot s6 phan (batch)
Py, P5...Py c6 kich thuéc xap xi batch_size.

2. Tai mdi budc tinh m(x), néu x thudc phan P thi ta udc lugng m(x) bang gia tri M(x)

nhu sau:
> K(x — x)x;
i) = 2<E9
> K(x—x)
xC(PNQ)

3. Hop cac diém di lieu sau khi da gan x < m(x),Vx € X, thanh tap X’ mdi rdi thuc hién
lai hai buéc trén dén diéu kién dung.

3.4.3 Tinh chét

Néu sau mdi iteration cla thuat todn, tai buéc 1 ta lai chia dii liéu thanh cic batch ngau
nhién va batch_size di 16n dé dai dién cho toan bd tap di liéu, ta c6 thé xem nhu udc luong
m(x) 1a di chinh xdc cho m(x), qua dé thuat todn cé tinh ding dan va tinh diing dugc chiing
minh tuong tu nhu thudt toan mean shift co ban.

D6 phic tap thoi gian cho mot iteration clia cach lam nay la O(n x batchsize). Vi cach
tdi uu nay ta c6 thém mot siéu tham sb batch_size, néu batch_size qud 16n (gan bang
n), thuat todn chay cham, khong khdc gi thudt todn mean shift clustering co ban. Néu
batch_size qud nho, tap batch qua nhd khéng dai dién duoc cho ham mat dé cla phan bb
lic dau, dan dén két qua phan cum sai.

Bang thuc nghiém, con sb batch_size hiéu qud roi vao khodng [log.(n), 10 x log.(n)].

3.4.4 Kiém thi

Ta so sanh Minibatch so véi thuat todn meanshift co ban va cua thu vién sklearn, dugc két
qua nhu sau:

Dataset scenery.png

Ta nhan xét trén dataset nay, thuat todn co ban khéng thé chay ra két qua trong 2 gid déng
hd. Thuat todan Minibatch meanshift clustering cé két qua sau khodng hon 30 phat, tuy nhién
két qua cé phan bi nhiéu. Diéu nay cé thé duoc gidi thich do batchsize nhd, tuong ting véi

15



Thuat toan Anh Thaoi gian chay

Anh gbc

sklearn. 299 1s

meanshift

My ~ 7 A 2
meanshift Khéng cé két qua > 2 hours

Minibatch
meanshift
batchsize=10

1923.5s

Bang 3: Bd dii lieu scenery.png khi chay bang cac thuat toan: mean shift clustering,
Minibatch clustering, Sklearn.meanshift, doé phan gidi hinh anh 192x123, bandwidth = 25

phan phdi duoc |ay tai mbi iteration cé thé khéong trung khép véi ham mat do chuan. Thuat
toan sklearn.meanshift do st dung Ball Tree dé tim cac diém thuéc flat kernel (chi tiét xem
tai trién khai cai dit thu vién cla sklearn), nén cé do phic tap roi vao khoang O(T x nlog(n))
cho trusng hap sb chiéu nho (2 chiéu), vi vdy nén chay nhanh vugt troi.
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4 Két luan

4.1 Két luan danh gia

Phuong phap mean shift clustering ducc xay dung dua trén co sé todn hoc vé kernel density
estimator va gradient acsent, boc 16 nhiéu uu, nhuoc diém trong modt sd trudng hop demo da
duoc thé hién phia trén.

4.1.1 Uu diém

e Khodng dua trén mot s6 giad dinh nhu thuat todn K-means: s6 luong diém trong 1 cluster
phai xap xi nhau, biét trudc sb luong cum can tim hay hinh dang cla cum.

e Chi phu thuéc mét siéu tham sb |13 bandwidth.

e XU Ii cac diém dir liéu ngoai lai tét hon kha nhiéu so véi thuat toan K-means(cidc cum
c6 sb diém it ¢ thé dugc xem la cdc diém ngoai lai).

4.1.2 Nhuoc diém

e Trong trudng hop phai xt Ii mot luong 16n cac diém dir liéu tir khéng gian nhiéu chiéu,
ta 4p dung Gradient Ascent cho toan bé dii liéu trong mot Iic dan dén doé phic tap
tinh toan cao (xem thém & Bang 3).

e Ngoai ra, trong mdt sd truong hop can phai xac dinh sb phan cum cu thé, ta can phai
tim ra moét gia tri bandwidth phu hop va kernel phu hop cho thuat todn mean shift.
Tuy nhién, nhu da gidi thiéu vé céch xdc dinh gia tri bandwidth tét nhat (muc 2.4.2) 1a
mot viéc gan nhu khéng thé ap dung vao thuc té, do dé viéc tim ra gid tri nay cho mot
truong hop cu thé ciing 1a moét bai toan khéng hé don gian.

4.2 Hudng phat trién trong tuong lai

Theo nhu két qua chay duoc biéu dién qua Bang 3, chiing t6i nhan thiy c6 mot sbé van dé
can phai khic phuc nhu 13 cai thién dé chinh xac clia Minibatch meanshift va cai thién thoi
gian chay cia My meanshift trong viéc xu Ii hinh anh.

Vé Minibatch meanshift, ching téi dé xuat phuong an st dung thém mét loai trong sbé phu
thudc vao dod quan trong cla pixel. Cu thé, déi véi cac pixel nam & ngoai bién khéng cé mau,
ching khéng déng gép nhiéu dén két qua phan cum sau cling, do dé ta gan cho ching trong
s6 thap (nhu 0.1 ching han). Con dbi véi cac diém khong nam & ngoai bién thi ta cé thé gén
cho chiing trong s6 cao hon (nhu 1.0 chdng han). Phuong an nay chi 1a mot dé xuat dé giam
b&t d6 nhiéu clia hinh dnh da qua xU Ii bang Minibatch meanshift, nén van chua cé chting
minh toan hoc chat ché cho y tudng nay.

Vé My meanshift, dic biét |a trong phan viing hinh anh hay phan cum di liéu 2 chiéu, theo
[13] thi ching tdi nhan thiy néu tinh mean shift Vector (MSV) theo ham flat kernel thi chi
can qua mot sb budc xr Ii ban dau, ta cé thé tinh MSV trong O(1) bang thuat toan Prefix
Sum of Matrix (Array 2D). Qua dé, ching téi cé thé giam thi€u dé phuc tap tinh toan trong
qua trinh chay mean shift.
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