KHAI PHA DU LIEU - CHUONG 5
PHAN CUM DU LIEU (DATA CLUSTERING)

Téng hop kién thiic, cAu hoi tu ludn va tric nghiém

1. TONG QUAN VE PHAN CUM

1.1. Khai niém phan cum

Phan cum (Clustering) 12 qua trinh nhém céc ddi tugng dit liéu thanh cdc cum (cluster)

sao cho:

+ Céc dbi tugng trong cling mét cum c6 do tuong dong cao véi nhau (khodng cich

ndi cum — intra-cluster distances — dugc t6i thiéu hoa).

+ Céc d6i tuong thudce cac cum Khac nhau c6 do tuong dong thip (khoang cach lién

cum — inter-cluster distances — dugc tdi da hoa).
Vi du ting dung: phan nhém khach hang, phan tich mang xa hoi, phat hién bt thudng
(outlier detection).
1.2. Po luong do bat twong dong gitta cac dbi tuong

Dit liéu dugc biéu dién dusi dang ma tran dir liéu (n d6i tuong, p thudc tinh) va ma
tran bét twong dong d(i, j) thoa:

* d(i,i)=0

« d(i,j)=d(j.i) >0

o d(i,j) < d(i,k)+d(k,j) (bit ddng thic tam gidc)

Do luong do6 tuong déng b?lng Cosine (cho déi tugng dang vector):

sy) = XY ity

1.3. Tinh khoang cach theo tirng loai thudc tinh

(a) Thudc tinh ¢6 thang do khoang (Interval-scaled): Dé céc thudc tinh c6 don vi va
bién d6 khac nhau khong lam léch khoang céch, ngudi ta chuéin héa theo dang Z-score trén
tiing thudc tinh f (f = 1,..., p) cho tiing dbi tuong i (i = 1,...,n).



* Trung binh (mean) cia thudc tinh f:
1 1 &
mp = —(xif+xop 0+ xng) =~ Y xip.
n ni=
* Do léch tuyét dbi trung binh (mean absolute deviation):
1 1<
sp=- (|x1f —my|+ oy —mgl 4+ |xag —mfl) == ) i —myl.
i=1

* Gia tri chuin hoéa (Z-score measurement theo MAD):

Xif—m
Zif=7lfsf L.

(Khi sy = 0, tht cd x;7 trén cOt f biang nhau; khi thyc hanh cén x{ ly riéng, vi du bd
qua thudc tinh d6 hodc dat z;r = 0.)

Ghi chi: sau khi chun héa, dung z;; thay cho x;¢ trong céc budc tinh khoéng cich;
i=1.n, f=1..p. Tic la cic cong thic bén duédi dp dung trén cdc thanh phﬁn da chuin
héa z;f, zj (viét gon dudi dang tuong ducng véi x d€ ngan gon, nhung ¥ nghia la da thay
bing z):

* Euclidean: d(i, j) = \/(zi1 —2j1)% + - + (zip — 2jp)?
* Manhattan: d(i, j) = |z —zj1| + -+ |zip — 2jp|

« Minkowski: d(i, j) = (|21 — 219+~ +|zip — 2|1/

(b) Thudc tinh nhi phén (Binary):
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oang céch don gian (symmetric): d(i, /) = 7= ===
Khoang cach Jaccard ( tric): d(i, j) bre
. asymmetric): d(i, j) = ———
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Trong d6 a: ca hai déu bang 1;b:i=1,j=0; c:i=0,j = 1; d: ca hai bing 0.

40—

(¢) Thudc tinh danh muc (Categorical): d;;’ =0 néu x;¢ = x;; bang 1 trong cdc trudng

hdp con lai.

. , . o 2 1A . 2 2. if — 1
(d) Thuoc tinh thit tw (Ordinal) hoac ti ¢ (Ratio-scaled): Chuyén doi z;y = It/llf 1
—
16i 4p dung Minkowski/Euclidean/Manhattan.



(e) Thudc tinh hén hgp (Mixed types):

’ f
21 )df)
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Trong dé Sl(lf ) = 0 néu thiéu gia tri, ngugc lai bang 1.

1.4.

1.5.

1.6.

Cic yéu cau thiét yéu ctia mét phuong phap phan cum tot

Kha ning mé rong (Scalability): hoat dong t6t khi kich thudc va loai dif liu thay

déi.

Xir Iy da kiéu dir liéu va dit liéu chiéu cao.

Phat hién cum c6 hinh dang tuy y.

Yéu ciu tbi thiéu tham sb diu vao.

Kha niing xir Iy nhiéu va gia tri ngoai 1¢ (outlier).

Phin cum ting dAn va khong nhay cdm véi thit ty diu vao.

Tinh kha giai thich va kha dung.

Cac phuong phap phan cum pho bién

. Phan hoach (Partitioning): tao va danh gid cic phan hoach dua trén tiéu chi cho

trude.

Phan c?np (Hierarchical): phan chia tap dit li€u theo thu bac.

. Dua trén mat do (Density-based): dua trén tinh két nbi va mat do phan bd.

Dua trén mé hinh (Model-based): dé xuAt mo hinh phan phdi xdc suit cho méi
cum.
Panh gia két qua phan cum

Panh gia ngoai (External validation): so sdnh v6i ciu tric cum da biét truée. Cac

dd do: Rand statistic, Jaccard coefficient, Folkes-Mallows index.

Panh gia trong (Internal validation): dya trén ma trdn khoang cach. Céc d6 do:

Silhouette index, Dunn’s index.



 DPanh gia tusng dbi (Relative validation): so sanh gitta cac phuong phap.

Entropy (cang nhé cang tot) d€ danh gia do thuan ctia cum:
n; njj njj
Entropy(P) =—) — ) —log—
py(P) Zl:nzjln, g
trong d6 n;; = |P;NC;| 1a s dbi tugng trong cum P; thudc 16p thuc su C;.

2. PHAN CUM DUA TREN PHAN HOACH - K-MEANS

2.1. Thuat toan K-means

Y tuéng: Chia n déi tuong thanh k cum khong chdng 1én nhau, t6i thiéu héa tdng binh
phuong khoang cach tit mdi dbi tugng dén trong tim (centroid) cum ctia né.
Ham muc tiéu:

S =

™=
™=

si= Z dist(x, r;)*
1 i=1xeC;

trong dé r; 1a trong tdm cda cum C;.

Cic budc cua thuit toan:
1. Chon ngiu nhién k dbi tuong 1am tdm cum ban dau.
2. Gan mdi dbi tugng vao cum c6 tim gan nhét.
3. Cap nhat tam cum bing cich tinh trung binh tt ca ddi tugng trong cum.
4. Lip lai budc 2-3 cho dén khi cic tim cum khong thay d6i (hodc thay ddi dudi
nguong).
2.2. Pic diém cha K-means
« Toi wu héa cuc bd — két qua phu thudc vao khdi tao ban dau.

Do phitc tap: O(nkt), v6i n 1a kich thude tap dit liéu, k 1a sb cum, ¢ 1a s6 vong ldp
(k< n, t <n).

» Nhay cam véi nhiéu va gia tri ngoai I&.

+ Khéng phit hgp v6i cum c6 hinh dang phi 16i (non-convex) hoic kich thuée khac
nhau 10 rét.



+ Két qua tao ra cic cum c6 dang hinh cau (hyperspherical) vé6i kich thudc tuong dbi

déu nhau.

+ Bién thé 1am giam nhay cdm véi ngoai 1¢: PAM (k-medoids).

2.3. PAM (Partitioning Around Medoids)

K-medoids (dai dién b%ng medoid): thay vi dung trong tam (centroid) la trung binh
s6 hoc céc vector trong cum (c6 thé khong tring vé6i bat ky dbi tugng thuc nao), k-medoids
chon medoid 1a mot doi tugng thuc trong tap du liéu lam dai dién cho cum. Théng thuong
medoid ctia cum C la diém o € C sao cho téng do khong tuong dong (hodc tdng khodng

cach) tit o dén cédc d6i tuong khac trong cum 14 nhd nhét:

0" = argmin Y d(x,0).

oet vec
PAM la thuit todn phan hoach kinh dién cho k-medoids, gém hai pha chinh:

1. BUILD: khéi tao tip k medoid ban dau bing céach lan lugt chon cac diém lam giam

manh ham muc tiéu (t6ng khoang cach gan cum).

2. SWAP: lip lai viéc thi d6i mot medoid hién tai v6i mot dbi tuong khong phai
medoid; néu hoan d6i lam giam tSng chi phi thi chip nhan, cho dén khi khong con

cai thién.

So sanh truc tiép K-means va PAM (k-medoids):



Tiéu chi

K-means

PAM (k-medoids)

Pai dién cum

Mean (centroid): thudng 12 diém

“40” trong khong gian thudc tinh.

Medoid: diém dit liéu thue, dé
gidi thich (vi du “khach hang

mau”).

Ham muc tiéu dién
hinh

T6i thi€u tSng binh phuong
khoang cdch téi centroid (SSE);
chat  véi cach

gin khoang

Euclidean.

Téi thi€u tong khoang cach (hoic
khong tuong ddng) t6i medoid;
dung dugc vSi ma tran khoang
cach bit ky (Manhattan, v.v.).

Do bén véi ngoai 18 /

nhiéu

Nhay: mot outlier c¢6 thé kéo

centroid 1éch manh.

Bén hon: medoid phdi 1a diém
thuc & “trung tim” cum, it bi kéo

béi gia tri cuc doan.

Do phic tap

Thudng O(nkt), phu hgp di liéu
rét 16n.

PAM diy dd ton kém hon (bic
O(n*) méi vong trong cdc thao
tic SWAP); c6 phién ban xip
xi (CLARA, CLARANS) cho di

liéu 16n.

Khéi tao / ti uu

Cuc b9, phu thudc khdi tao.

Cuc bo tuong tu; BUILD-SWAP

van khong dam bao toan cuc.

Uu diém PAM so véi K-means:

« On dinh hon trude nhiéu va diém ngoai 1é nhd medoid thay cho mean.

« C6 dai dién thuc té (d6i tuong c6 thé chi ra trong bio cdo nghiép vu).

» Dung dudgc khi chi ¢6 ma tran khong tudng dong (khong cin vector trong RP).

Nhuge diém PAM so v6i K-means:

+ Cham hon trén cing n,k khi ding PAM “day dd”; K-means mdi buéc chi can tinh

mean va gan lai.

* Van phai chon k trudc (giéng K-means), van c6 riii ro t6i wu cuc bo.

* V6i dif liéu cyc 16n, thuong cin CLARA/CLARANS hoic méu con thay vi PAM
nguyén ban trén toan b n.

K-means phti hop khi dit liéu sach, 16n, Euclidean va can tdc do; PAM phui hop khi can
dai dién c6 thé giai thich, di liéu c6 nhiéu, hoic khoang cich/khong tucng dong khong
gin v6i mean binh phuong.



3. PHAN CUM DUA TREN PHAN CAP (HIERARCHICAL CLUSTERING

3.1. Khai niém

Phan cum phan cap (hierarchical clustering) xay dung mot cAu triic léng nhau cia cac
cum: tai mifc trén, cum I6n chifa cdc cum nhé hon & mic dudi. Toan bd quy trinh dudgc bi€u
dién gon biang dendrogram (so do cdy): truc thé hién thit tu/mic gop hoic tach, do cao niit
thudng gan véi khoang cach (hodc do khong tuong dong) tai thoi diém gop hai cum. Nho
d6, ngudi ding c6 thé ciit cdy  mot mic bat ky dé thu duge phan hoach véi sé cum tuong
ting — khéc v6i K-means phéi c6 dinh k ngay tif diu. C6 hai huéng tiép can chinh:

Agglomerative (bottom-up — tit dudi 1€n):
« Khdi tao: mdi trong n d6i tugng tao thanh mdt cum don = ban dau c6 ding n cum.

« Vong lip: & mdi budc, tim hai cum “gin nhau” nhit theo mot tiéu chi lién két
(linkage) da chon (single-, complete-, average-linkage, Ward,. . .), rdi gdp ching lai

thanh mot cum méi. S6 cum giam di 1 sau méi 1an gop.

* Dirng: sau 7 — 1 1an gop, con mot cum duy nhét chia toan bo du liéu — toan b lich

st gOp tao nén ciy phan cip.

* Pic diém: cach lam ty nhién, phd bién trong phan mém (vi du thuat toin AGNES &
muc sau). Chi phi tinh todn thudng cao hon nhiéu so v6i mot 1an chay K-means khi
n16n (O(n?) hodc O(n?) tiry cach cai dit va loai linkage).

Divisive (top-down — tir trén xuéng):
+ Khdi tao: mot cum duy nhit chia tht ca dbi tugng.

* Vong lap: 6 mdi budc, tach mot cum hién 6 thanh hai (hodc nhiéu) cum con sao
cho tiéu chi tach 1a tot nhit (vi du tach theo diém “xa” nhét, hoic tdi da héa khoang
cach lién cum). S6 cum ting dan cho dén khi dat cu triic mong mudn hoic mdi dbi

tugng 1a mot cum riéng.

* Pic diém: it ding hon agglomerative vi m&i budc tich phai xem xét nhiéu cach
phén chia (6 hop) — thuding tén kém hon; dai dién dién hinh 12 DIANA.

So sanh nhanh hai huéng: bottom-up bat dau tir chi tiét réi gdp dan; top-down bit
dAu tir toan cuc rdi tinh chinh din. C4 hai déu cho cing mot dang két qua (cdy), khong
bét budc biét k khi chay thuit toan, nhung vé& mit tinh todn agglomerative thudng dé trién
Kkhai va phd bién hon.



Uu diém chung: khong cin ¢b dinh trude sb cum k; ¢6 dugc nhiéu phan hoach 1ng
nhau trong mot 1an chay; truc quan khi minh hoa bang dendrogram.

Nhuge diém chung: mdi budc gop/tich 1a quyét dinh ¢b dinh — sai 1dm ¢ budc diu
kho stra (khéng ¢6 thao tac undo); do phiic tap va bo nhé thudng khong ly twdéng cho dit
liéu cuc 16n so véi cac phuong phap phan hoach don gian (nhu K-means mot 1an).

3.2. AGNES va DIANA

AGNES (Agglomerative NESting): trién khai dién hinh ctia chién lugc bottom-up. Gia
st da c6 ma tran khoang cich (hoic khong tuong dong) giita tiing cip dbi tugng.

 Budc 1: Khéi tao n cum, mdi cum chifa diing mot d6i tugng.

* Budc 2: Tinh ma trin khoang céch gitta cac cum hién c6 theo mot tiéu chi linkage
(muc duéi).

« Budc 3: Tim ciip cum c6 khodng cich nhé nhét va gop hai cum d6 thanh mot.

 Budc 4: Cap nhat lai khoang cach tif cum méi dén cac cum con lai (cong thiic cip

nhét tiy thudc linkage; vi du Lance-Williams cho nhiéu ho linkage).
* Budc 5: Lip budc 3—4 cho dén khi con diing mét cum (d thuc hién n — 1 1an gop).

D6 phifc tap: cai dit thang thudng 1a O(n*) hoic t6i uu hon téi khoang O(n?logn) tiry
cAu triic dif liéu va linkage. Bo nhé thudng can Iuu ma trin n x n (hodc danh sich k&), nén

n rat 16n sé ton.

DIANA (Divisive ANAlysis): vi du dién hinh ctia top-down: bit dau tit mot cum gdom
toan bo n diém, lip lai viéc tach mot cum thanh hai cum con cho dén khi mdi cum chi con

mot ddi tugng (hodc ditng sém theo tiéu chi ngudi ding).
 Buéc 1: Bit diu v6i cum C chifa tit ca dbi tugng.

e Budc 2: Trong cum C, tim cdch phan chia thanh hai nhém con C; va C; sao cho
khoang cach lién nhém (giita C; va C,) 16n nhét hoic téng do khong dong nhit
trong tiing nhém 12 nhé nhit—thudng ding y tudng: chon tam tach (diém *“xa” nhit
so vdi trung tAm cum) va gan tiing di€ém vio nhém gan tim nao hon, rdi cip nhat lai

dai dién hai nhom lip lai cho dén khi 6n dinh.

* Budc 3: Trong cdc cum hién ¢6, chon cum khong déng nhét nhit (vi du dudng kinh
16n) d€ tach tiép.

* Buéc 4: Lip cho dén khi dat dd #n cum don hoic ngudi ding ding.



M&i 1an tach phéi xét nhiéu cach chia nén DIANA thudng t6n hon AGNES trén ciing
dit liéu nhé; véi dit liéu 16n, divisive it dudc ding hon agglomerative néu khong c6 t6i uu

bd sung.

3.3. Tiéu chi gop cum (linkage)

Cho hai cum khong rong C; va C;, khoang cich gitta cum D(C;,C;) duge dinh nghia
khéc nhau tiy loai lién két. Dudi ddy d(x, y) 1a khoang cach (hoic khong tuong ddng) giita
hai dbi tuong.

* Single-linkage (lién két don / minimum):

D(C;,Cj) = min _d(x,y).

XGC,’,)’ECJ‘

GOp hai cum “gin nhau” nhét theo ciip di€ém gan nhit. D& tao chudi cum dai

(chaining effect) khi c6 cAu nbi nhiéu giita hai viing day.

* Complete-linkage (lién két dﬁy da / maximum):

D(C;,Cj) = Xeg)a;éc_d(x,y).
is J

Hai cum chi dudc coi 12 gan khi moi ciip diém lién cum déu khong qua xa—thudng
tao cum gon (compact), nhung nhay hon véi ngoai 1é kéo khodng cich tdi da.
 Average-linkage (lién két trung binh / UPGMA):

1
= el & L 4

x€C;yeC;

D(C,‘,Cj)

Can bing hon giita single va complete; phan anh mifc do tich roi trung binh giita

hai cum.

* Ward’s method (phuong phap Ward): Mbi 1an gop chon cip cum lam ting it
nhét téng binh phuong sai s6 trong cum (ESS — error sum of squares / within-cluster
variance). Diéu kién thudng gin vdi khoang cach Euclidean; thuong cho cic cum
¢6 kich thude va phuong sai tuong déi can dbi, thién hudng t6i uwu héa kidu “ciu
K-means” & tiing budc gop.

Linkage khac nhau = dendrogram va cum khi cat cdy c6 thé khiac manh—can chon va

ki€ém dinh theo mién tng dung.



3.4. Dendrogram

Dendrogram 12 biéu dién dd hoa ciia toan bo chudi gop (hoic tich): mbi nit 14 13 mot
déi tuong (hodc cum ban dau); mbi 1an hai nhanh hop nhéit thanh nit cha tuong ing mot
1an gop. Chiéu cao (hodc vi tri trén truc doc) tai diém gdp thudng ty 1& véi khoing cich D
gitfa hai cum vilta gdp — cang gdp muon (& cao trén cdy) thuong 1a hai phan cang khac biét.

Cach dung thue té:

* Cit ngang dendrogram & mdt mic s: moi nhanh con cach gbc “xa” hon & tao thanh

cdc cum tach biét = thu dugc phan hoach véi mot sé cum cb dinh.

* C6 thé chon mifc cit dé ¢ ding k cum, hoic theo “khoang tréng” 16n trén truc chidu
cao (khe 16n = tu nhién tach thanh k nhém).

Muédn dendrogram nhét quéan (khong c6 nghich dao thi tu gdp), nhiéu thuat todn yéu
ciu D thoa tinh don diéu theo thdi gian gop — linkage khac nhau cho tinh chét khac nhau
(vi du single hay c6 hién tudng chudi).

3.5. Mot sb thuat toan / phuong phap phin cum lién quan phén cap

» BIRCH (Balanced Iterative Reducing and Clustering using Hierarchies): thiét ké
cho du liéu rit 16n. Dit liéu dugc tom tit thanh cic clustering feature (CF) trong
cay can bang (CF tree) — luu s& dém, tdng, binh phuong tng theo chiéu, v.v. Phan
cum chii yéu trén tém tit = chi can quét dif liéu vai lan (linear scan). BIRCH c6 thé
két hop budc tinh chinh (vi du K-means trén tim 14) nhung wu tién kha ning mé
réng hon phan cum phén cip “nguyén ban” trén ma tran day da.

» ROCK (Robust Clustering using linKs): nham di liéu c6 thudc tinh danh muc / roi
rac. Thay vi chi dang khoang cach ciip diém, ROCK dung khai niém lién két (link):
hai diém “lién két” néu cung tuong tu véi mot tap diém thit ba; sd lién két = do
tuong dong cum bén hon véi thudc tinh dinh tinh.

« Chameleon: két hop mo hinh do thi (m&i diém 1a dinh, canh theo lang giéng gin)
va do do tu thich dng: quyét dinh gop hai cum dua trén két ndi ndi bé va két ndi
lién cum tuong dbi, chit khong chi mot ham D c¢6 dinh. Phit hop cum c6 hinh dang
bat thuong, mat d6 khong déu (tuong tu tinh than density-based nhung trong khung
phan cum phén cip/ngudi ling giéng).
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3.6. Van de va han ché cia phan cum phan cap

« Chon diém dirng va cach cat cdy: thuat todn cho ci ciy day di; ngudi ding phéi
quyét dinh cit & dau (mtc chiéu cao, s cum k, hoic heuristics). Sai Iva chon = phan
hoach khong phu hop.

« Sai s tich lily (khong undo): mdi lan gop/tach 1a quyét dinh vinh vién; néu hai cum
“ddng 1&” tach bi gop sém do linkage/nhiéu, cac budc sau khong sira dudc ciu triic

cha.

» Kha niang mé réng: ma trin khoing cich diy dii 1a O(n?) bo nhd; tiing budc
agglomerative c¢6 thé O(n?) & cai dit don gian. V6i ludng dif liéu hodc n cyc 16n

can BIRCH, mau, hoic x4p xi.

+ Nhay cam véi nhiéu va linkage: single-linkage rit nhay chudi; complete nhay outlier;
Ward gin Euclidean va gia dinh ciu — dit lidu thuc t& cin so sanh nhiéu linkage hoic

chinh tién x ly/ chun héa.

« Giai phap thuc té: két hop chia nhé rdi gdp (divide-and-conquer), phan cum hai
mtic (vi du BIRCH — tinh chinh), hoic diing phin cum phan cip chi trén mau rdi

g4n diém con lai cho cum gan nhit.
4. PHAN CUM DUA TREN MAT PO (DENSITY-BASED CLUSTERING)

4.1. Khai niém co ban
+ Cum la viing day diic cic ddi tugng, bao quanh bsi ving thua.
+ Dbi tugng & ving thua 1a nhiéu/ngoai 1¢ (noise/outlier).
* Hinh dang va kich thuéc cum rit da dang (khong bi giéi han dang cau).
Cac khai niém trong DBSCAN:
» ¢ (epsilon): ban kinh 14n can ctia mot dbi tuong.
« g-neighborhood: tap tit cd d6i tugng trong viing ban kinh € cta dbi tugng p.

« Core object (di twgng 16i): dbi tuong p c6 s lugng déi tuong trong e-neighborhood
> MinPts.

Directly density-reachable (truc tiép dat dugc theo mat dd): ¢ truc tiép dat dugc
tl p néu ¢ € e-neighborhood(p) va p la core object. Quan hé bdt dbi xing.
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4.2.

Density-reachable (dat dudc theo mat dd): ¢ dat dudc tit p néu ton tai chudi
Pls.-.,Pn VO p1 = p, pn = q sao cho p;; directly density-reachable ti p;. Quan
hé bdt dobi xiing.

Density-connected (két ndi theo mat dd): p va g density-connected néu ton tai o

sao cho ca p va g déu density-reachable tit 0. Quan hé doi xiing.

Border object (dbi tuong bién): khong phai core object nhung niam trong e-neighborhood
ctia mdt core object.

Noise: dbi tuong khong thudc bét ky cum nao.

Thuét toan DBSCAN

Yéu cau:

« Diu vao: D, €, MinPts.

 Pau ra: Cdc cum dua trén mat do va nhiéu.

Cac budc hién thuc:

1.

2.

4.3.

Xéc dinh g-neighborhood cho mdi dbi tugng p € D.

Néu p 1a core object = tao cum cho p.

. Tur bét ky core object p, tim tit ca d6i tugng density-reachable tif p va thém vio cum

cua p.

* Céc cum density-reachable c6 thé gop lai.

+ Diing khi khong con dbi tugng nao cé thé thém vao cum.

Pic diém cia DBSCAN
Phat hién cum c6 kich thude va hinh dang da dang.
Khong gia dinh vé phan phbi dbi tuong.
Khéng can xéc dinh k ban déu.
Khéi tao khong anh huéng dén két qua.
Can dinh nghia mat do qua € va MinPts.

Nhan dién nhiéu va ngoai 1é hiéu qua.
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* D6 phic tap: O(nlogn) dén O(n?).

Thuét toan lién quan: OPTICS (Ordering Points To Identify the Clustering Structure),
DENCLUE (DENsity-based CLUstEring based on distribution functions).

5. PHAN CUM DUA TREN MO HINH (MODEL-BASED CLUSTERING)

5.1. Khai niém

Phuong phap nay t8i wu héa su khép giita dit liéu va mot sé mé hinh toan hoc, dya
trén gia dinh riang dit liéu dudc sinh ra tit mot hdn hop ciac md hinh phan phdi x4c suit.
Cac huéng tiép can:

. Thf)ng ké: thuat toan EM (Expectation-Maximization) — m& rong cia K-means.

* Hoc may: phin cum khai niém (conceptual clustering).

* Dua trén mang no-ron: Self-Organizing Feature Map (SOM).

5.2. Thuat toan EM (Expectation-Maximization)
Gia dinh: D liéu dugc sinh ra tif hon hgp K phan phdi Gaussian, méi phan phdi c6
tham s6 ®; = (u;,0,).
EM la thuét toan Lip d€ tim Maximum Likelihood (ML) k€ ca khi ¢6 dit liéu bi thiéu:
+ E-step (Expectation): Udc luong xac sudt mdi d6i tugng x; thudc cum j:

plxilx; € Cj) - p;
Y& p(xilxi € Cy) - pa

Elzij] = p(xi € Cjlx;) =

+ M-step (Maximization): Cap nhat tham s6 mo hinh:
YL Elzij] - xi 1 &
U= . pi=—Y E[z]
’ i1 Elzij] m l; N
Tém tit thuit toan EM:

1. Khéi tao: Chon ngu nhién K ddi tugng lam tim cum ban dau; udc lugng ©; =
(1j,65).

2. Lap:
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* E-step: Gén x; vao cum C vdi xac sudt P(x; € C), k=1...K.
* M-step: Udc lugng lai ®; = (u;,0;).
+ Diing khi dat diéu kién hoi tu (vi du: ML khong ting thém déng ké).

5.3. EM so voi K-means

 EM st dung xdc suét thudc cum (soft assignment) thay vi gan ciing (hard assignment)

nhu K-means.
+ EM phu hogp v6i dif liéu c¢6 phan phbi Gaussian.

» EM t6ng quat hon K-means, nhung tinh to4n phtc tap hon.

6. CAC PHUONG PHAP PHAN CUM KHAC

6.1. Phan cum citng va phan cum mo
* Phan cum cing (Hard clustering):

— Mbi d6i tugng thuoc diing mot cum.
— Muc do thanh vién (Degree of Membership — DoM): 0 hoac 1.

— Ranh gidi gitia cdc cum 10 rang.
* Phan cum mo (Fuzzy clustering):

— Mot dbi tuong c6 thé thudc nhiéu cum véi miic do thanh vién tix 0 dén 1.
— Ranh giéi gitta cac cum khong 1o rang (md — fuzzy).

— Phu hgp véi dit liéu c6 ranh gidi ty nhién khong ro rang.

7. TOM TAT
+ Phéan cum la k§ thuat hoc khong gidm sat, nhém dit liéu dua trén do tuong dong.
« Po ludng do tuong ddng phu thude vao kiéu di liéu ctia cic thudc tinh.

» K-means: don gin, hiéu qua nhung nhay cam véi khdi tao va nhiéu; tao cum hinh

cau.

* Hierarchical: khong can k, két qua truc quan qua dendrogram; khé mé rong.

DBSCAN: phat hién cum hinh dang tly ¥, x& 1y nhiéu tot; cAn chon € va MinPts phu
hop.
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+ EM: phan cum mém (soft) dua trén mo hinh x4c suit; tdng quat hon K-means.

* Pianh gid két qua phan cum bing external, internal hoic relative validation.
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8. CAU HOI TU LUAN

Caul.

Cau 2.

Cau 3.

Cau 4.

Cau 5.

Cau 6.

Cau7.

Cau 8.

Cau9.

Cau 10.

Cau 11.

Cau 12.

Cau 13.

Phan cum dit liéu (data clustering) 1a gi? Trinh bay muc tiéu cda phin cum va néu

it nhit 3 ting dung thuc tién ctia phan cum trong khai pha dit liéu.

Giai thich su khac biét giita ma tran dit liéu va ma tran bét twong dong trong

phan cum. Ma tran bit tuong ddng d(i, j) can thda man nhiing diéu kién nao?

Trinh bay cdc cong thic tinh khoang cach Euclidean, Manhattan va Minkowski cho
céc thudc tinh c6 thang do khoing. Khi nao nén chuin héa dit liéu trudc khi tinh

khoang cach?

Giai thich khoang cach don gian (simple distance) va khoang cach Jaccard dung
cho thudc tinh nhi phan. Khi nao ding khoang cach dbi xiing, khi nao ding khoing
cach Jaccard? Cho vi du minh hoa.

Trinh bay diy dii cdc budc clia thuat toan K-means. Him muc tiéu ctia K-means 1a
gi? Thuat toan dung khi nao?

Phan tich cac vu diém va nhugc diém cda thuit toan K-means. Tai sao K-means

khong phit hdp véi cum c6 hinh dang phi 16i (non-convex)?

So sanh phan cum phan cip theo huéng tir dudi 1én (AGNES) va tif trén xudng
(DIANA). Phan cum phan cip c6 uu diém gi so véi K-means? Han ché 1a gi?

Giai thich tiéu chi single-linkage va complete-linkage trong gop cum phén cip.
MG&i tiéu chi tao ra loai cum nhu thé nao? Minh hoa bang vi du cu thé.

Dendrogram 1a gi? Lam thé nao d€ doc va st dung dendrogram dé xac dinh s

cum? Néu vu diém ciia cich bi€u dién nay.

Trinh bay va phan biét cic khai ni€ém trong DBSCAN: e-neighborhood, core
object, directly density-reachable, density-reachable va density-connected. Tinh

dbi xing ctia moi quan hé?

MO ta chi tiét thuat toan DBSCAN. Pbi tugng nio dudc xem 1a border object, di
tugng nao 1a noise? Cac tham sb € va MinPts anh hudng thé nao dén két qua?

So sanh DBSCAN véi K-means vé: (a) kha ning phat hién hinh dang cum tuy ¥,
(b) xtt Iy nhiéu, (c) nhu ciu chi dinh s6 cum truéc, (d) d phic tap tinh todn.

Phan cum dua trén mo hinh (model-based clustering) 12 gi? Trinh bay gia dinh vé
mo hinh phan phdi dit liéu trong phuong phap EM. Uu diém ctia phuong phéap nay

so v6i K-means 1a gi?
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Cau 14.

Cau 15.

Cau 16.

Cau 17.

Cau 18.

Cau 19.

Cau 20.

Giai thich thuat toan EM (Expectation-Maximization). Mo ta chi tiét E-step va
M-step. Thuit todn EM dudc khéi tao va diing nhu thé nao?

So sdnh phan cum cing (hard clustering) va phan cum md (fuzzy clustering).
Trong trudng hop nao nén st dung phan cum md? Néu vi du thuc té.

Trinh bay cdc yéu cau thiét yéu ma mot phuong phip phan cum t6t cin ddp ting.
Véi mbi yéu cau, cho biét phuong phap nao (K-means, DBSCAN, Hierarchical,
EM) dép ting tbt nhat.

Giai thich ba phuong phép ddnh gia két qua phan cum: external validation, internal
validation va relative validation. Néu it nhit mot do do cu thé cho mdi phuong
phap.

Entropy trong danh gia két qua phan cum dudc tinh nhu thé nao? Mot gid tri entropy
nhd c6 nghia 1a gi? Cho vi du tinh entropy cho mét két qua phan cum cu thé.

Trinh bay céch tinh khoang cach cho thudc tinh hén hgp (mixed types). Khi mot
gid tri thudce tinh bj thiéu, he s6 8/ duoc xit 1y nhu thé nao?

Phan tich cic vAn dé (challenges) trong phan cum phan cAp vé kh4 ning md rong.
Giai phdp nao c6 thé dugc dp dung d€ cai thién hiéu suit? Trinh bay thuat toin
BIRCH va y tudng chinh cuia no.
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9. CAU HOI TRAC NGHIEM

Cau 1. Muc tiéu chinh ctia phan cum dit liéu la:
A. Téi da héa khoang cach ndi cum va t6i thiéu héa khoang cich lién cum.
B. Tbi thi€u héa khoang cach noi cum va téi da héa khoang céch lién cum.
C. Gan nhan cho tiing d6i tugng dua trén tap huin luyén.
D. Tim céc luat két hop gitta cac thuoc tinh.

Cau 2. Phin cum la ky thuat hoc:

A. Co6 giam sét (supervised learning).
B. Khoéng giam sét (unsupervised learning).
C. Ban giam sat (semi-supervised learning).

D. Hoc tang cuong (reinforcement learning).

CAu 3. Ma tran bit tuong dong d(i, j) khéng thoa diéu kién nao sau day?

A. d(i,i) =0

B. d(i,j)=d(j,i) =0

C. d(i,j) <d(i,k)+d(k, )
D. d(i,j) = d(i,k)-d(k, )

Cau 4. Khoang cach Minkowski v6i ¢ = 1 tuong dudng véi:
A. Khoang cach Euclidean.
B. Khodng cach Manhattan.
C. Khoang cach Cosine.
D. Khoang cach Jaccard.
Cau 5. Khoang cach Minkowski véi g = 2 tuong duong véi:
A. Khoang cach Manhattan.
B. Khoang cach Chebyshev.
C. Khoang cach Euclidean.
D. Khoang cach Hamming.

Cau 6. Khoang cédch Jaccard dung cho thudc tinh nhi phan bt doi xing cé cong thic:
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b+c

A dij)=—2TC
)= i prerd
.. b+c

B di)) =
.. a
Cdld) = e
a+d
D. d(ij)=—4"9
(i,)) ibietd

Cau 7. Trong do ludng tuong dong biang Cosine, két qua s(x,y) = 1 ¢6 nghia la:

A. Hai vector hoan toan tryc giao (vudng goc).
B. Hai vector hoan toan giéng nhau (cting huéng).
C. Hai vector hoan toan ngudc chiéu.

D. Hai vector khong c6 quan hé gi v6i nhau.

Cau 8. Trong dinh gia két qua phan cum, internal validation dya trén:
A. Céu triic cum dudc dinh nghia sin tif bén ngoai.
B. Ma trin khoang cach (proximity matrix) tinh tu tap d@ liéu.
C. So sanh hiéu suit giita cic phuong phap khac nhau.
D. Nhan 16p thuc su cta di liéu.

Cau 9. Thuit toan K-means dung khi:
A. S vong lip dat ding bang k.
B. Céc tAm cum khong thay déi (hoic thay d6i dudi ngudng).
C. Tét ca dbi tuong dugc gan vao ding 1 cum.
D. S6 cum ting 1én bang n.

Cau 10. D9 phuc tap tinh toan cia thuét toan K-means la:

A. O(n?)
B. O(nlogn)
C. O(nkt)
D. O(k")

Cau 11. Nhugc diém ctia K-means 1a:

A. Khodng can xic dinh sé cum k truéc.
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B. Chi tao ra cum c6 hinh dang phi 18i (non-convex).
C. Nhay cam véi nhiéu va gid tri ngoai 1é.

D. Ty dong phat hién sb cum téi uu.
Cau 12. K-means tao ra cac cum c6 dang:

A. Hinh dang tuy y (arbitrary shapes).
B. Hinh cau (hyperspherical) véi kich thudc tuong di déu nhau.
C. Hinh elipse kéo dai.
D. Chudi (chain-like).
Cau 13. Phuong phiap PAM (k-medoids) khic K-means & chd:
A. St dung medoid (d6i tugng thuc trong tap di liéu) thay vi mean lam tim
cum.
B. Khong can x4c dinh s6 cum k trudc.
C. St dung mat do dé€ xac dinh cum.
D. St dung phan phdi Gaussian.
Cau 14. Ham muc tiéu ctia K-means 1a tbi thiéu héa:
A. Tong khoang cach gitta cdc tAm cum.
B. Tdng binh phuong khoang cich tit mdi dbi tugng dén tAm cum clia no.
C. S luong cum k.

D. Khoang céch lién cum trung binh.
Cau 15. Phan cum phan cép theo huéng agglomerative (AGNES) bat diu bang:

A. Mot cum chifa tit ca d6i tugng, sau d6 tach dan.
B. MGi dbi tuong 1a mot cum riéng, sau d6 gop dan.
C. k cum ngau nhién, sau d6 cap nhit tAm cum.

D. Céc cum dua trén mat do vung.
Cau 16. Uu diém ctia phan cum phén cip so véi K-means la:

A. Khong cin xic dinh sé cum k trudc.
B. C6 dd phic tap thip hon K-means.
C. Khong bi 4nh huéng bdi nhiéu.
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Cau 17.

Cau 18.

Cau 19.

Cau 20.

Cau 21.

Cau 22.

D. Ludn tim dudc cum tbi uu toan cuc.
Tiéu chi single-linkage trong gdp cum dua trén:

A. Khoéng cich trung binh gitta tit ca cip doi tugng.
B. Khoang cdch ngin nhét gitta hai dbi tugng bit ky trong hai cum.
C. Khoang céch dai nhét giita hai dbi tuong bét ky trong hai cum.
D. Khoang céach giita hai tim cum.
Tiéu chi complete-linkage trong gdp cum dua trén:
A. Khoang cich ngin nhit giita hai d6i tugng bét ky trong hai cum.
B. Khoéng cach trung binh gita cdc tim cum.
C. Khoang céch dai nhét gifta hai dbi tugng bat ky trong hai cum.
D. Khoang cach Jaccard gitta hai cum.
Dendrogram dudc st dung dé:
A. Biéu dién qud trinh phan cum phan cAp theo dang cay.
B. Biéu dién phan phbi mat do ctia di lidu.
C. Tinh khoang cach gitta cac cum.
D. Khéi tao tAm cum ban dau cho K-means.
Thuét toan BIRCH dudc thiét ké d€ gidi quyét van dé:
A. Phan cum dit liéu phan phdi Gaussian.
B. Phén cum phén cép trén tap dif liéu 16n (scalability).
C. Phat hién cum c6 hinh dang tuy y.
D. Phan cum dit liéu thudc tinh danh muc.

Trong DBSCAN, core object 1a dbi tuong:

A. C6 khoang céch t6i tAm cum nhé nhét.
B. C6 sb dbi tugng trong e-neighborhood > MinPts.
C. Nim trén ranh gii gitta hai cum.

D. Khong thudc bit ky cum nao.

Trong DBSCAN, déi tugng noise (nhiéu) 1a:
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Céu 23

Cau 24

Cau 25

Cau 26

Céu 27

A. Déi tugng ndm & bién gi6i ciia cum.
B. Dbi tuong c6 it nhit MinPts lang giéng.
C. Dbbi tugng khong thude bit ky cum nio.

D. Déi tugng c6 khoang cédch 16n nhét t6i tim cum.
. Quan hé density-reachable trong DBSCAN c6 tinh:
A. Déi xiing (symmetric).
B. Bit d6i xiing (asymmetric).
C. Phan xa (reflexive) nhung khong bac cau.
D. Ca dbi xing va phan xa.
. Quan hé density-connected trong DBSCAN c6 tinh:
A. Bit déi xing.
B. Déi xiing.
C. Chi dung véi core object.
D. Chi duing véi border object.

. Uu diém ctia DBSCAN so v6i K-means 1a:

A. Can it tham s dau vao hon.
B. Phit hién cum c6 hinh dang tiy y va xit Iy nhiéu t6t.
C. Chi hoat dong véi dif liéu phan phdi Gaussian.
D. C6 db phuc tap O(n) trong moi trudng hop.
. Do phic tap cia DBSCAN trong trudng hop t6t nhét 1a:

A. O(
B. O(nlogn)
C. 0(n?)
D. O(

. Thuét toan OPTICS trong phan cum dya trén mat dé dugc dung dé:

A. Thay thé hoan toan K-means trong moi trudng hop.
B. Sap xép céc diém dé xac dinh cAu tric phan cum.

C. Phéan cum dtt liéu theo md hinh Gaussian.

22



Cau 28.

Céau 29.

Cau 30.

Cau 31.

Cau 32.

Cau 33.

D. Tinh khoang cach Jaccard gilta cac cum.
Trong DBSCAN, néu ting gid tri € thi:

A. S6 cum ting Ién va s6 nhiéu ting lén.
B. S6 cum giam xudng va sb nhiéu giam xubng.
C. Sb cum khong thay d6i.

D. Chi &nh hudng dén cic border object.
Phéan cum dua trén md hinh (model-based) gia dinh ring:
A. Dit liéu phan bb déu trong khong gian.
B. Dii liéu dudc sinh ra tit hén hop cac md hinh phan phdi x4c suit.
C. Tit ca cum c6 kich thudc bang nhau.
D. Dii liéu khong c6 nhiéu.
Trong thuat toan EM, E-step thuc hién:

A. Cap nhat tham s6 md hinh ©; = (u;,;).
B. Uéc lugng xic suit mdi dbi tugng thudc mdi cum.
C. Gan ciing mdi ddi tuong vao cum gan nhét.
D. Tinh khoang cach Euclidean giita cdc d6i tugng.
Trong thuat toan EM, M-step thuc hién:
A. Usc lugng x4c sut thuoc cum ctia mdi doi tugng.
B. Khdi tao ngau nhién tim cum ban dau.
C. Cuc dai héa ham log-likelihood bang cach cip nhat tham s6 mo hinh.
D. X6a bd cic dbi tugng nhiéu.
So v6i K-means, thuat toan EM st dung:
A. Gan cting (hard assignment) — mbi ddi tugng thudc ding 1 cum.
B. Gédn mém (soft assignment) — mdi d6i tugng c6 xac suit thudc mbi cum.
C. Khoédng cach Manhattan thay vi Euclidean.

D. Medoid thay vi mean lam tam cum.

Thuat toan EM dung khi:
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A. Da chay ding k vong lap.
B. Dat diéu kién hoi tu (v du: log-likelihood khong ting thém dang ké).
C. Tét ca dbi tugng c6 cuing xic suit thudc mdi cum.
D. S6 cum ting 1én dén n.
Cau 34. Trong phin cum ma (fuzzy clustering), Degree of Membership (DoM) clia mot
dbi tuong 1a:
A. Ludn bang 0 hoic 1.
B. Mot gia tri thyc trong khoéng [0, 1].
C. Mot gia tri nguyén duong.
D. Ludn bing 1/k v6i k 1a s6 cum.
Cau 35. Diém khéc biét chinh giita phan cum citrng va phan cum ma la:
A. Phan cum cting khong can x4c dinh s6 cum k.

B. Trong phan cum md, mot dbi tugng c6 thé thudc nhiéu cum véi miic do thanh

vién khac nhau.

C. Phan cum cting xit 1y t6t hon dit liéu c6 ranh gi6i khong 16 rang.

D. Phan cum md chi dp dung dugc véi dit liéu nhi phén.
Cau 36. Trong danh gi4 két qua phan cum, Entropy cang nhd thi:

A. Cum cang khong thuan, két qua cang té.

B. Cum cang thuan, két qua phan cum cang tot.

C. Sb cum cang it.

D. Khoang cach lién cum cang nhd.
Cau 37. Silhouette index dugc dung trong:

A. External validation.

B. Internal validation.

C. Relative validation.

D. Khong dung trong danh gia phan cum.
Cau 38. Thuit toan ROCK trong phan cum phan cip dudc thiét ké cho:

A. Dit liéu c6 thang do khoang (interval-scaled).
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B. Dt liéu danh muc/rdi rac (categorical/discrete).
C. Dit liu phan phdi Gaussian.
D. Dit liéu nhi phan dbi xiing.
Cau 39. Phuong phap nao sau diy khéng can xdc dinh sé cum k trude?

A. K-means.
B. PAM (k-medoids).
C. EM algorithm.
D. DBSCAN.
Cau 40. Phucong phdp phan cum nao phit hgp nhit dé€ phat hién cum cé hinh dang bat ky
(arbitrary shapes)?
A. K-means.
B. K-medoids (PAM).
C. DBSCAN.
D. EM algorithm.

Cau 41. Chuén héa Z-score trong xii ly thudc tinh c6 thang do khoang dugc thuc hién bing

cong thic:
X
Al zip= 2
my
Xif—m
B. zif = rMf My

Sf
C. Zif :xif—minf
X;jf —min
D. ziy = M e B .f
X maxf—mmf
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PAP AN

Cau héi tu luan — Huéng dan tra i

Cau

Noi dung can trinh bay

Phan cum 14 nhém cic dbi tugng sao cho nodi cum tuong ddng cao, lién
cum tuong dong thip. Ung dung: phan nhém khach hang, phan tich mang
xa hoi, phat hién bét thuong.

Ma tran dif liéu: n x p (d6i tugng x thudc tinh). Ma tran bét tuong dong:
nxnluu d(i, j). Didu kién: d(i,i) = 0; d(i, j) = d(j,i) > 0; bét dang thiic
tam gidc.

Euclidean (g = 2), Manhattan (g = 1), Minkowski (g tily ¥). Nén chuin héa
(Z-score) khi céc thudc tinh c¢6 don vi va bién d6 khac nhau dé tranh thién
vi.

Simple distance (d6i xing) dung khi c4 hai gia tri 0 va 1 déu c6 y nghia
nhu nhau (vi du: gi6i tinh). Jaccard (bt d6i xing) dung khi gia tri “0-0”
khong c6 ¥ nghia (vi du: xét nghiém y té).

(1) Chon k tam ngau nhién; (2) Gan dbi tugng vio cum gan nhét; (3) Cap
nhat tim cum = mean; (4) Lip dén khi tAm khong ddi. Him muc tiéu:
Zf‘{=l Z)CEC,‘ diSt(-x7 ri>2'

Uu: don gian, hiéu qua O(nkt). Nhugc: tdi uu cuc bo, nhay cam nhiéu, chi
tao cum dang cau, can chon k. K-means khong phu hgp non-convex vi tim
cum la trung binh — khong nim bat dugc hinh dang phiic tap.

AGNES: bottom-up, gop tiing budc. DIANA: top-down, tich tiing buéc.
Uu: khong can k, két qua truc quan qua dendrogram. Nhugc: khong quay
lai dugc, kh6 md rong.

Single-linkage: khoang cach ngin nhét, c6 thé tao chudi dai. Complete-
linkage: khoang cich dai nhit, tao cum compact hon.

Dendrogram la so db cay biéu dién qua trinh gop/tich cum. Cit ngang
dendrogram & ngudng tuong dong nhét dinh dé chon s6 cum.

10

e-neighborhood: vung ban kinh €. Core: |e-nhbd| > MinPts. Directly
density-reachable: bt d6i xiing. Density-reachable: bac ciu, bt d6i xting.
Density-connected: dbi xiing.

11

DBSCAN: (1) xac dinh e-neighborhood; (2) tao cum tu core object; (3)
m& rong theo density-reachable. Border: trong nhbd ctia core nhung khong
phii core. Noise: khong thudc cum nio. € nhé — nhiéu nhiéu, € 16n — it
cum.
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Cau

Ni dung can trinh bay

12

DBSCAN phat hién hinh dang tuy y, xd ly nhiéu tot, khong can k;
O(nlogn)-0(n?). K-means: chi hinh ciu, nhay nhiéu, can k; O(nkt).

13

Model-based: t6i uu héa khép dit liéu v6i md hinh phan phdi xdc suit
(Gaussian). EM Ia thuit todn iterative tim ML. Uu: soft assignment, tdng
quat hon K-means.

14

E-step: tinh P(x; € C}|x;) (xdc suét thudc cum). M-step: cip nhat u;, 6;, p;
d€ maximize log-likelihood. Khéi tao: random. Diing: khi log-likelihood
hoi tu.

15

Hard clustering: DoM € {0,1}, ranh gidi 16. Fuzzy: DoM € [0, 1], ranh
gi6i mo. Dung fuzzy khi dit liéu c6 ranh gidi tu nhién khong r6 rang (vi
du: phan loai xe theo tdc do va trong lugng).

16

Scalability, multi-type data, arbitrary shapes, it tham s, xd ly nhiéu,
incremental, interpretability. K-means: scalability, it tham s6. DBSCAN:
arbitrary shapes, nhiéu. Hierarchical: khong can k. EM: interpretability.

17

External: so véi nhan thuc (Rand, Jaccard, Folkes-Mallows). Internal: dua
trén proximity matrix (Silhouette, Dunn’s index). Relative: so sanh hiéu
qua gitta cac phuong phap.

18

Entropy = -}, £ Y i 2 1og "” . Entropy nhé = cum thuan. Vi du: cum c6
12/12 dbi tugng cung ldp — entropy = 0 (hoan hao).

19

S04
.. Y

d(i,j) = 17

do).

. Khi x;7 hodc x; bi thiéu thi 8 =0 (b6 qua thudc tinh

20

Phan cum phan cip khé mé rong vi mdi buéc gop phai danh gia nhidu d6i
tugng. Giai phap: divide-and-conquer, BIRCH — dung Clustering Feature
(CF) tree d€ tém tit dif liéu, cho phép phan cum mot 1an qua (single scan)
v6i bo nhé han ché.

Cau hdi trac nghiém — Dap an

Cau | PA || Cau | DA || Cau | PA || Cau | PA
1 B 11 C 21 B 31 B
2 B 12 B 22 C 32 B
3 D 13 A 23 B 33 C
4 B 14 B 24 B 34 B
5 C 15 B 25 B 35 B
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Cau | DA || Cau | PA || Cau | PA || Cau | DA
6 B 16 A 26 B 36 B
7 B 17 B 27 B 37 B
8 B 18 C 28 B 38 B
9 B 19 A 29 B 39 D
10 C 20 B 30 A 40 B

Giai thich dap 4an trac nghiém

Cau | Giai thich

1 (B) — Muc tiéu phan cum: tdi thi€u héa khoing cach noi cum, t6i da héa
khoang cach lién cum.

2 (B) — Phan cum la hoc khong giam sat vi khong c6 nhan 16p trong qua trinh
hoc.

3 (D) - Diéu kién d(i, ) = d(i,k) - d(k, j) khong phai diéu kién ctia ma tran
bat tuong dong (dung la bat dang thic tam giac).

4 (B) — Minkowski v6i g = 1 1a Manhattan distance.

5 (C) — Minkowski v6i g = 2 1a Euclidean distance.

6 (B) — Jaccard distance (asymmetric): d(i, j) = (b+c¢)/(a+b+c), b6 qua
truong hgdp ca hai bang 0.

7 (l?) — Cosine similarity = 1 khi hai vector ciing huéng (hoan toan giéng nhau
veé huéng).

8 (B) — Internal validation duya trén proximity matrix tinh tif chinh tap dit li€u.

9 (B) — K-means ding khi tim cum khong thay d6i hodc thay d6i dudi ngudng.

10 (C) — O(nkt): n d6i tugng, k cum, ¢ vong lip.

11 (C) — K-means nhay cAm vdi nhiéu va outliers vi ding mean.

12 (B) — K-means tao cum dang hinh ciu véi kich thudc tuong d6i déu nhau.

13 (A) — PAM dung medoid (d6i tugng thuc) thay vi mean, bén hon véi nhiéu.

14 (B) — Him muc tiéu K-means: tdng binh phuong khoang cach t6i tAm cum.

15 (B) — AGNES bit dau v6i mdi dbi tugng 1a mot cum riéng, sau d6 gop dan.

16 (A) — Hierarchical khong can xdc dinh k trudc.

28




Cau | Giai thich

17 (B) — Single-linkage diing kho4ng cach ngan nhét giita hai d6i tugng trong
hai cum.

18 (C) — Complete-linkage diing kho4ng cach dai nht (maximum distance).

19 (A) — Dendrogram biéu dién qu4 trinh phan cum phan cp dang cay.

20 (B) — BIRCH gidi quyét vin dé kha ning md rong (scalability) ctia phan cum
phan cap.

21 (B) — Core object: s6 dbi tugng trong e-neighborhood > MinPts.

22 (C) — Noise: déi tugng khong thudc bat ky cum nio.

23 (B) — Density-reachable 1a quan hé bat d6i xiing (asymmetric).

24 (B) — Density-connected 12 quan hé déi xiing (symmetric).

25 (B) — DBSCAN phat hién cum hinh dang tity y va x@ Iy nhi€u hiéu qua.

26 (B) — D9 phtic tap tot nhit cia DBSCAN 1a O(nlogn).

27 (B) — OPTICS sip xép cic diém dé xac dinh cAu tric phan cum.

28 (B) - Tang &: viing lan can rong hon — nhiéu d6i tugng dudc gop — s6 cum
giam, sO nhiéu giam.

29 (B) — Model-based gia dinh dit liéu tit hdn hop cidc mo hinh phan phdi xic
suat.

30 (A) — EM E-step: u6c lugng (tinh) xac suit thudc cum ctia mdi ddi tugng.

31 (B) — EM M-step: cuc dai héa log-likelihood bing cach cap nhat tham sb.

32 (B) — EM duing soft assignment (gan mém), K-means dung hard assignment.

33 (C) — EM diing khi dat diéu kién hdi tu (log-likelihood khong ting dang ké).

34 (B) — Fuzzy clustering: DoM € [0, 1], mot dbi tugng c6 thé thude nhiéu cum.

35 (B) — Fuzzy: dbi tugng thudc nhidu cum véi miic do thanh vién khac nhau.

36 (B) — Entropy nhé — cum thuan nhét (objects trong cting cum thudc cling
16p thyc).

37 (B) — Silhouette index 1a dd do internal validation.

38 (B) — ROCK xtr ly dit liéu thudc tinh danh muc/r6i rac.

39 (D) - DBSCAN khoéng can xdc dinh k truéc; K-means, PAM, EM déu cén k.

40 (B) — Z-score: zjy = (xif —my) /sy v6i my la trung binh, s 1a d6 1éch tuyét

dbi trung binh.
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