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Dinh nghia vin tit (data science)

Data science thu thap va x{ Iy théng tin tir méi trudng M dé
dugc dir liéu D va tim md hinh A dé giai thich D

Dinh nghia vén tt (machine learning)

Machine learning (may hoc) c6 thé hiu 13 cic thut todn gitp
mday tinh tim ham s6 f trong tap hop ham ting vién H d& giai
thich dit liéu D hgp ly nhit (t6i uu héa L(D, f)).
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Clustering
LMachine learning trong data science

L Hoc c6 gism sit

Cac loai bai toan hoc

Bai toan hoc c6 giam sat (supervised learning): tir D la dit
liéu d3 dugc "dan nhan" (labelled), mudn hoc cich dan nhan di
liéu mai

Vi du: mudn may tinh hoc cach phan loai email méi tir dit liéu cac
emails cii d3 phan loai s3n thanh spam ho3c khéng phai spam

(nh3n dén & day 13 0 hodc 1)

Cac bai toén tiéu bidu: hdi quy (regression), phan loai
(classification)
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Clustering
L Machine learning trong data science

L Hoc c6 gidm sat

Cau hai trén 16p

Bai toan tim dudng thing least square cia mét tap hop diém
D = {(x1,y1),---(xn,yn)} C R2 1a mét vi du ctia hdi quy tuyén
tinh (linear regression). Nhan dén trong bai todn nay la gi?
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Clustering
LMachine learning trong data science

L Hoc khéng gism sit

Cac loai bai toan hoc

Bai toan hoc khdng giam sat (unsupervised learning): D |a dif
liu chua dan nhan (unlabelled)

Vi du: mubn mdy tinh khoanh vung dich covid tr vi tri clia céc ca
bénh

Céc bai todn tiéu biéu: gidm chiéu di lidu (dimensionality
reduction), phén cum (clustering)
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Clustering
LBéli toan clustering
LM@t s6 vi du m& dau

Tai sao can clustering?

Vi du 1: Bai todn dit nha kho chira hang héa (warehouse location
problem)
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— Bai toan clustering
L Mat s vi du mé déu

Tai sao can clustering?
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Vi du 1: Bai todn dit nha kho chira hang héa (warehouse location
problem)
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Tai sao can clustering?

Vi du 1: Bai todn dit nha kho chira hang héa (warehouse location
problem)
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Tong quat: Bai toan dit co s bt ki (facility location problem) @
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Clustering
LBé\i toan clustering

LM@t s6 vi du m& dau

Warehouse location problem

Bai toan khéng don gidn do nhiéu dif lidu théng tin:
= rit nhidu dai ly ban 1é,
m sb lugng, vi tri ddt nha kho,

u chi phi giao hang dén cac dai ly ban, v.v.
Mét phuong &n kha thi la chia bai todn lam 2 budc:

phan cum cac dai ly mot cach hop Iy, mdi cum sé& dugc phan
phoi béi mot nha kho (clustering)
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http://www.jiem.org/index.php/jiem/article/view/1929

Clustering
LBé\i toan clustering
LM@t s6 vi du m& dau

Warehouse location problem

Bai toan khéng don gidn do nhiéu dif lidu théng tin:
= rit nhidu dai ly ban 1é,
m sb lugng, vi tri ddt nha kho,

u chi phi giao hang dén cac dai ly ban, v.v.

Mét phuong &n kha thi la chia bai todn lam 2 budc:
ph?n cum céc dai ly mét cach hop ly, mbi cum sé dugc phan
phoi béi mot nha kho (clustering)
trong tirng cum, s3p x&p lich phan phbi hang mét cich hop ly
nhat (bai todn travelling salesman, bai toan vehicle routing)
Link tham kh3o
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http://www.jiem.org/index.php/jiem/article/view/1929

Clustering
LBé\i toan clustering
LM@t s6 vi du m& dau

Tai sao can clustering?

Vi du 2: Phan viing dich bénh dé phong tranh va déi phé

MST-DBSCAN diffusion zones

Zone 1 s
* >
Zone2 v IO %
g ¥
Zone3 - i\

No clusters

COVID-19 tests (n=33,651)
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Clustering

L Bai toan clustering

L Mat s6 vi du mé diu

Mb&t phuong 4n dé xult xult gdbm 2 budc:
Phan cum céc diém bénh (clustering) dé xéc dinh cac viing
chra cdc cum bénh

Phan loai cic viing bénh dé x{r Iy cho phli hop: Zone 1, Zone
2, Zone 3 (classification)

Link tham khdo
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8123367/

Clustering
LBéli toan clustering
LDinh nghia

Contents

Bai toan clustering

m Dinh nghia
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Clustering
L Bai toan clustering
LDinh nghia

Dinh nghia vin tit

Bai toan data clustering 13 bai todn phan cum cho tap dif liéu dau
vao moét cich hgp ly nhat.

Tap dit lieu ddu vao: D = {x1,x0,...,xy} C R”
Tap cac cum dir liéu dau ra: C1, Gy, ..., Ci

Cau héi: Nhu thé nao 13 hop Iy nh4t?

Tra loi:
m Khéng biét :(
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Clustering
L Bai toan clustering
LDinh nghia

Dinh nghia vin tit

Bai toan data clustering 13 bai todn phan cum cho tap dif liéu dau
vao moét cich hgp ly nhat.

Tap dit lieu ddu vao: D = {x1,x0,...,xy} C R”
Tap cac cum dir liéu dau ra: C1, Gy, ..., Ci
Cau héi: Nhu thé nao 13 hop Iy nh4t?

Tra lai:
m Khéng biét :( néu khéng cé thém nhiing cAu triic toin hoc :D
» Gibng nhu bai toan ML t8ng quat, cAn thém cic gié/sfj
(assumptions) => cau tric todn hoc => bai todn t6i uu hda
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L_Bai toan cluste ing

L kmeans va téi uu héa

Bai toan k-means: Cho truéc D = {x1, x2,...,xy} C R" va sb tu
nhién k. Tim moét phan hoach 51, 5,,...,5 cia D sao cho ham
6 L=> " |Ix — wl|? dat min v6i ;= (> x)/IS;l-

Jj X,'ES_,' X,'ESj
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L Bai toan clustering

L kmeans va téi uu héa

Bai toan k-means: Cho truéc D = {x1, x2,...,xy} C R" va sb tu
nhién k. Tim moét phan hoach 51, 5,,...,5 cia D sao cho ham
6 L=> " |Ix — wl|? dat min v6i ;= (> x)/IS;l-

j X,'ES_,' X,'ESj

Nhan xét: Bai toan tbi uu t8 hop khé (khong c6 cong thic
nghiém chuan tic)

m Khong gian ham H = {f : D — {1,...,k}} r&i rac, c6 d6 16n

ltiy thira k"

m Ham mit méat L khéng c6 tham sb tudng minh
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Giai phap: Meo dé tham s6 hda cac cau tric roi rac
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L Bai toan clustering

L kmeans va téi uu héa

Giai phap: Meo d& tham sb héa cac chu tric rdi rac
Bién chi thi (indicator variable):

D3t w; = 1 néu x; € G (ky hiéu chudn 13 1(x; € )
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L kmeans va téi uu héa

Giai phap: Meo d& tham sb héa cac chu tric rdi rac
Bién chi thi (indicator variable):
D3t w; = 1 néu x; € G (ky hiéu chudn 13 1(x; € )

Xem L 13 ham sb L(w;;, uij) va ap dung mdt mé hinh t&i vu ky
vong (expectation maximization) gobm 2 buéc:
(E) w; := 1 néu j = argmin,||x; — pu||

(M) pj = (325 wipxi) /(225 wiy)
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L Bai toan clustering

L kmeans va téi uu héa

Giai phap: Meo d& tham sb héa cac chu tric rdi rac
Bién chi thi (indicator variable):
D3t w; = 1 néu x; € G (ky hiéu chudn 13 1(x; € )

Xem L 13 ham sb L(w;;, uij) va ap dung mdt mé hinh t&i vu ky
vong (expectation maximization) gobm 2 buéc:
(E) w; := 1 néu j = argmin,||x; — pu||

(M) pj = (325 wipxi) /(225 wiy)

Nhan xét: day chinh |3 thuit todn k-means co ban
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Clustering
L Phan loai cic thut todn clustering

L Dua trén output

Hard clustering

Output: M&i diém dir x; liéu thudc ding mét cum duy nhit G
hoic khdng thudc cum nao, goi la cac diém ngoai 1€ (outliers).

Vi du: k-means co ban, mean-shift clustering, spectral clustering
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Clustering
L Phan loai cic thut todn clustering

L Dua trén output

Soft clustering

Output: Mai diém dit liéu x; thudc cum G véi xac sult pij-

Vi du: k-means c6 trong sb (weighted), md hinh hdn hgp Gaussian
(Gaussian mixture model)

Cau hdi trén 16p

Céc gia tri {p;} phai théa man diéu kién gi?
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LPhén loai cac thuéat toan clustering

L Dua trén gi3 st ctia mé hinh

Contents

Phan loai cdc thuat todn clustering

m Dua trén giad sir cia md hinh
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Clustering

LF'ha?m loai cdc thuat toan clustering

LDu‘a trén gia sir cia md hinh

Ca:c gia st vé d,Cr liéu va cum ,hc_jp ly s& gidi han khéng gian tim
kiem H. Mot s6 nhém phd bién:

phan cum dua trén trong tdm (centroid-based)

phan cum dua trén tinh lién théng (connectivity-based)

phan cum dua trén mat d6 dif liéu (density-based)

phan cum dua trén phan phbi cta dit liéu (distribution-based)
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Clustering
L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum trong tam

Gia si: M&i cum dugc dai dién bdi mot trong tdm va cac diém dir
liéu dugc phan cum duya trén cic trong tdm nay. Vi du: k-means
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Clustering
L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum lién thong

Gia sir: Cac diém gibng nhau s& & chung cum va su chung cum cé
tinh bic cau (transitive). Vi du: spectral clustering (spectral & day
la tur spectral graph theory)

Spectral Circles

Visualization
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https://dominikschmidt.xyz/spectral-clustering-exp/

Clustering

L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum lién thong

Cau hai trén 16p

Tai sao k-means véi k = 2 khéng phan cum dugc vong tron xanh
bén ngoai trong dit liéu & dudi?

K-means assignments
.1
=2

g Che
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Clustering
L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum méat doé

Gia sir: Cac cum dudc tao thanh tir cic viing c6 mat dé diém dif
liéu day dic. Vi du: mean-shift

Visualization

28/33


https://spin.atomicobject.com/2015/05/26/mean-shift-clustering/

Clustering
L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum phan ph(/'ii

Gia str: Cac diém dit liéu dugc I3y ngiu nhién (random sampling)
theo mét phéi xac suat nao dé. Vi du: Gaussian mixture model

Data Distribution
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L Phan loai cic thut todn clustering

L Dua trén gi3 st ctia mé hinh

Cum phan ph(/'ii
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LKét ludn

Mt sb ¥ chinh

m Clustering thuéc nhém thudt todn hoc khong giam sat
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Clustering

LKét ludn

Mt sb ¥ chinh

Clustering thudc nhém thuit todn hoc khong gidam sat

C6 nhiéu md hinh clustering khac nhau dua trén nhiing gia st
khac nhau

= Dua v& mét bai toan t&i vu héa khdng tim thudsng => st
dung cdc phucng phap xap xi

= M3&i mé hinh c6 nhiing vu va nhugc diém riéng => xdy dung
cac phién ban cai tién hon va cdc md hinh khic
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Clustering

LKét ludn

Mt sb ¥ chinh

m Clustering thuéc nhém thudt todn hoc khong giam sat

w C6 nhiéu md hinh clustering khdc nhau dua trén nhiing gia st
khac nhau

» Dua v& mét bai toan tdi uu héa khéng tam thudng => sir
dung cdc phucng phap xap xi

u M&i mé hinh c6 nhl"{ng uvu va nhugc diém riéng => xdy dung
cac phién ban cai tién hon va cdc md hinh khic

n Ap7dung md hinh nao phu thudc vao dit liéu va muc dich cu
thé trong tng dung
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Contents

Két luan
m Thyc hanh va ap dung .
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Mét sb van dé chua dugc cover
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LKét ludn
L Thuc hanh va 4p dung

Mét sb van dé chua dugc cover

= Khdi tao cac siéu tham sb mét cach hop Iy (vi du: chon k va
vi tri k trong tdm ban dau cho k-means)
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Clustering
LKét ludn
L Thuc hanh va 4p dung

Mét sb van dé chua dugc cover

= Khdi tao cac siéu tham sb mét cach hop Iy (vi du: chon k va
vi tri k trong tdm ban dau cho k-means)

m Didnh gid do hiéu qua cha thuit todn cho mét dir liéu cu thé
(vi du: homogeneity score, completeness score)
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