Gidi thiéu May hoc (Machine Learning - ML)

Thién Lé

uluC

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Sd lugc

Sa luoc

Tai sao dung ML
u Tri tué nhan tao (Artificial Inteligence - Al)
u Rule-based: Truyén tai théng minh don gian
B ML I3 gi?
= Bai todn ML I3 bai toan tim ham sb
u Bai todn ML I3 bai toan t6i uu hoa (optimization)
B Hbi quy tuyén tinh (Linear Regression)
= Bai todn
= Gidi
m Hoc ¢ gidm sit (Supervised Learning)
u Hai quy (Regression) vs. Phan loai (classification)
K-means
= Bai todn
= Gidi
= Hoc khéng gidm sat
H Can bing db léch - phuong sai (Bias-variance trade-off)
u Trd lai bai todn hdi quy tuyén tinh
= M5 hinh théng ké (Statistical model)
= Bai todn ML la bai toén fit statistical model
= Udc lugng (estimator)
u Can bing do léch - phuong sai
B Q&A va Extra
= Q&A
m Extra
u (Extra) Gidi Kmeans chinh xéc khé thé nao
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Tai sao dung ML

Tri tué nhan tao (Ar | Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Sa luoc

Tai sao dung ML
u Tri tué nhan tao (Artificial Inteligence - Al)
u Rule-based: Truyén tai théng minh don gian
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Tai sao dung ML

Tri tué nhén tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Tri tué nhan tao (Artificial Inteligence - Al)

John McCarthy (1955)

.. making a machine behave in ways that would be
called intelligent if a human were so behaving ...

Marvin Minsky (1968)

.. making machines do things that would require
intelligence if done by men ...
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Tai sao dung ML

Tri tué nhén tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Tri tué nhan tao (Artificial Inteligence - Al)

m Thujt todn truyén tai tri thdng minh cla con ngudi cho may
tinh

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Tai sao dung ML

Tri tué nhén tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Vi du truyén tai tri théng minh

Bai toan

Viét thuit toin du dodn email cé phai spam hay khéng (spam
filtering)
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Tai sao dung ML

Tri tué nhan tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Giai don gian bai toan spam filtering

m Spam email thudng chia nhiing tir ‘quang cdo’, ‘nhanh tay’,
‘mién phi’, v.v.

m Spam email thudng chira link déc hai
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Tai sao dung ML

Tri tué nhén tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Giai don gian bai toan spam filtering

m Spam email thudng chia nhiing tir ‘quang cdo’, ‘nhanh tay’,
‘mién phi’, v.v.

m Spam email thudng chia link déc hai

Vi du thuit todn don gidn

néu ndi dung chda ‘quang cdo’ hay ‘nhanh tay’ hay ‘mi&n phf’
thi du doan ‘spam!’

con khéng:
néu ndi dung c6 chira link déc hai, thi du doan ‘spam!’
con khéng, du dodn ‘khéng spam’
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Tai sao dung ML

Tri tué nhan tao (Artificial Inteligence - Al)
Rule-based: Truyén t 6ng minh don gian

Thuat toan rule-based

= B3t diu tir nhitng nhan xét cin ban (rule)

m Xét moi trudng hogp, dung ciu Iénh if-else
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Tai sao dung ML

Tri tué nhan tao (Artificial Inteligence - Al)
Rule-based: Truyén tai théng minh don gian

Nhan xét thuat todn rule-based

m D& viét,

chi phu m Cin rule cu thé
thubc vao m C6 thé phai xét rht nhiéu trudng hop
rule .

m D& [3m, nhung khé d& 1am tbt!
m Cich nao d& "cuc" hon? Thuit toadn tu tim rule?
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ML la gi? A ey S B (g N 4
b Bai toan ML Ia bai toan ham so

Bai toan ML Ia bai toan uu hoé (optimization)

Sa luoc

B ML I3 gi?
= Bai todn ML I3 bai toan tim ham sb
u Bai todn ML I3 bai toan t6i uu hoa (optimization)
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ML la gi? PN S Ra: $nkn 43 5 A
b Bai todn ML 13 bai toan tim ham so
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Lién quan t&i bai toan Al

m Bai toan ML C bai toan Al
= Truyén tai tri théng vé dif liéu (data)
m Thudt todn ML cb ging gidi quyét bai todn ML
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ML 13 gi?

Bai todn ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Dinh nghta van tit ML

Dinh nghia vin tit |

Bai todn ML 13 bai todn tim ham sb giai thich dit liéu (data)
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4n tim ham s
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Dinh nghta van tit ML

Dinh nghia vin tit |

Bai todn ML 13 bai todn tim ham sb giai thich dit liéu (data)

Tim & dau?
B Gi3i thich dif liu nhu thé no?
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ML 13 gi?

Bai todn ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Dinh nghta van tit ML

Dinh nghia vin tit |

Bai todn ML 13 bai todn tim ham sb giai thich dit liéu (data)

Tim & dau?
A
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ML la gi? 2: 4nk S Ra: $nkn 43 5 A
b Bai todn ML 13 bai toan tim ham so
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Tim & dau? — Gia dinh ham (function family)

m Ham sé (function)
= f : mién xac dinh (domain) — mién gié tri (range)
m f : bién +— gid tri cGa bién

m Gia dinh ham: tap hop nhiéu ham sb c6 cling tinh chit
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ML 13 gi?

Bai todn ML la bai toan tii
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Vi du ham sb, gia dinh ham

m binh phuong : R — R : x — x2
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ML 13 gi?

Bai toan ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Vi du ham sb, gia dinh ham

m binh phuong : R — R : x — x2

m phan loai email : {email} — {'spam’, ‘khéng spam’}
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ML 13 gi?

Bai toan ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Vi du ham sb, gia dinh ham

m binh phuong : R — R : x — x2
m phan loai email : {email} — {'spam’, ‘khéng spam’}
= gia dinh ham tuyén tinh (linear) {f : x — ax + bla, b € R}
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ML 13 gi?

Bai toan ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i wu hoa (optimization)

Vi du bai todn ML khai quat cho spam filtering

m Cho: gia dinh ham
H = {f : {email} — {'spam’, 'khdng spam’}}
m Dir liéu: tap hgp nhiéu email nhan dugc trong ndm vira roi
m Bai todn ML: tim ham sb f* € H giai thich tbt dif lidu c6
dugc
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ML 13 gi?

Bai toan ML la bai todn tim ham s6
Bai toan ML Ia bai toan t6i uu hoa (optimization)

Vi du bai todn ML khai quat cho spam filtering
m Cho: gia dinh ham
H = {f : {email} — {'spam’, 'khdng spam’}}
m Dir liéu: tap hgp nhiéu email nhan dugc trong ndm vira roi
m Bai todn ML: tim ham sb f* € H gidi thich t&t dif liéu c6
dugc

Ung dung ML cho spam filtering
m Tim f* bang cach gidi bai todn ML
m Khi c6 email x méi, phan loai theo f*(x)
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m ham sb
uu hod (optimization)

Dinh nghta van tit ML

Dinh nghia vin tit |

Bai todn ML 13 bai todn tim ham sb giai thich dit liéu (data)

Tim & dau?
A
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ML 13 gi?

Bai toan ML I3 bai toan tim ham sb
Bai toan ML la bai toan tdi uu hoa (optimization)

Dinh nghta van tit ML

Dinh nghia vin tit |

Bai todn ML 13 bai todn tim ham sb giai thich dit liéu (data)

B Gi3i thich dif liu nhu thé no?
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ML 13 gi?

Bai toan ML I3 bai toan tim ham sb
Bai toan ML la bai toan tdi uu hoa (optimization)

Giai thich dif liéu thé ndo 13 tt (trong bai todn spam
filtering)?

m Thong tin di chuyén nhu thé nio trong bai todn ML?
m Théng tin hién tai: dit liéu hién tai dang cé
m Théng tin méi: théng tin vé dif liéu chua quan st
m Muc dich sau ciing: théng tin vé dit liéu tuong lai ding cang
nhiéu cang tbt
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ML 13 gi?

Bai toan ML I3 bai toan tim ham sb
Bai toan ML la bai toan tdi uu hoa (optimization)

Giai thich dif liéu thé ndo 13 tt (trong bai todn spam
filtering)?

m Thoéng tin di chuyén nhu thé& ndo trong bai todn ML?
m Théng tin hién tai: dit liéu hién tai dang cé
m Théng tin méi: théng tin vé dif liéu chua quan st
m Muc dich sau ciing: théng tin vé dit liéu tuong lai ding cang
nhiéu cang tbt
m Thiét k& ham mit mat (loss) L: H — R
m Vf € H,L(f) danh gid xem ham f c6 dat dugc muc dich sau
cung hay khéng.
= Thudng L(f) cang nhé thi f cang lam tbt nhiém vu
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n tim ham sé
Bai toan ML la bai toan tdi uu hoa (optimization)

Tbi uu hoa (optimization)

Vi du bai todn optimization

Cho: ham sb f : x — x2 — 4x + 4
Tim: x* € R sao cho gi tri clia f(x*) nhd nhit
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ML 13 gi?

Bai toan ML I3 bai toan tim ham sb
Bai toan ML la bai toan tdi uu hoa (optimization)

Tbi uu hoa (optimization)

Vi du bai todn optimization

Cho: ham sb f : x — x2 — 4x + 4
Tim: x* € R sao cho gi tri clia f(x*) nhd nhit

Bai toan optimization khai quat

Cho: tap hop A, hamsb f : A— R
Tim: x* € A sao cho gié tri ctia f(x*) nhd nhit
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ML 13 gi?

Bai toan ML I3 bai toan tim ham sb
Bai toan ML la bai toan tdi uu hoa (optimization)

Tbi uu hoa (optimization)

Vi du bai todn optimization

Cho: ham sb f : x — x2 — 4x + 4
Tim: x* € R sao cho gi tri clia f(x*) nhd nhit

Bai toan optimization khai quat

Cho: tap hop A, hamsb f : A— R
Tim: x* € A sao cho gié tri ctia f(x*) nhd nhit

Bai todan ML khéi quat

Cho: gia dinh ham #H, ham m4t mét (loss) L : H — R
Tim: ham sb f* € H sao cho gia tri ctia L(f*) nhd nhét
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m ham sb
uu hod (optimization)

ML C Optimization

Dinh nghia vin tt Il

Bai todn ML 13 bai to4n tim ham sb gii thich dit liéu trong mét
gia dinh ham nao dé bing optimization.
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Bai toan

Giai

Hoc c6 giém sat (Supervised Learning)

Hai quy (Regression) vs. Phan loai (classification)

HGi quy tuyén tinh (Linear Regression)

Sa luoc

B Hbi quy tuyén tinh (Linear Regression)
= Bai todn
= Gidi
m Hoc ¢ gidm sit (Supervised Learning)
u Hai quy (Regression) vs. Phan loai (classification)
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G
Hoc c6 giém sat (Supervised Learning)
Hai quy (Regression) vs. Phan loai (classification)

HGi quy tuyén tinh (Linear Regression)

Bai todn nhd

m Hoan canh

= Cho bién x, y

m Cho biét ham sb f lién hé x véi y c6 bac =1
= Dit lieu

B Neux=1thy=1

m Néux=2thiy=5
mTimf
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HGi quy tuyén tinh (Linear Regression) e o e 40 (S e
Hbi quy (Regression) vs. Phan loai (classification)

Bai todn 16n hon

m Hoan canh

m Cho bién x, y

m Cho biét tdn tai ham f bac 1 sao cho f(x) ‘gAn’ véi y
m Di liéu

m Neux=1thy=1

m Néux=2thiy=5

m Néux=3thiy=6
mTimf
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Ho6i quy tuyén tinh (Linear Regression) e o e 40 (S e
R

Hai quy (Regression) vs. Phan loai (classification)

Bai toan 1 chiéu
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HGi quy tuyén tinh (Linear Regression) e o e 40 (S e

Hbi quy (Regression) vs. Phan loai (classification)

Bai toan 1 chiéu

m Dir liéu
B (x); €R
= (yi), €R
m Cho
m H:={f:x— ax+ bla,be R}
= L(F) =22 (F06) —vi)?
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Bai toan

Giai

Hoc c6 giém sat (Supervised Learning)

Hai quy (Regression) vs. Phan loai (classification)

HGi quy tuyén tinh (Linear Regression)

Bai toan 1 chiéu

m Dit lieu
B (x); €R | .
= (y), €R

m Cho
m H:={f:x— ax+ bla,be R} -
w L(F) = 20 (F() — vi)? s

= Tim B i
m f* € H sao cho L(f*) nhd nhit
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Bai toan
A AL . . Giai
Ho6i quy tuyén tinh (Linear Regression) e o e 40 (S e
Hbi quy (Regression) vs. Phan loai (classification)

Bai toin d-chiéu

m Dir liéu
u (X,‘)ln:l c Rd
= (yi)  €R
m Cho
B HC{f:x— (a,x)+blacRe bcR}
w L(F) =21 (F(x) — vi)?
m Tim

m f* € H sao cho L(f*) nhd nhit
(hodc a € RY, b € R sao cho L(x — (a,x) + b) nhé nhAt)
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Bai toan

Giai

Hoc c6 giém sat (Supervised Learning)

Hai quy (Regression) vs. Phan loai (classification)

HGi quy tuyén tinh (Linear Regression)

m Bai todn optimization nay cé nghiém gidi tich hoan toan
(analytical solution), mudn biét két qua chi can bé dir liéu vao
cbng thic chudn (normal equation)
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toan

HGi quy tuyén tinh (Linear Regression)

Hoc c6 giam sat (Supervised Learning)
Hbi quy (Regression) vs. Phan loai (classification)

m Bai todn optimization nay cé nghiém gidi tich hoan toan
(analytical solution), mudn biét két qua chi can bé dir liéu vao
cbng thic chudn (normal equation)

m Nhin xét 1: khéng phai bai todn ML nao ciing phic tap
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toan

HGi quy tuyén tinh (Linear Regression)

Hoc c6 giam sat (Supervised Learning)
Hbi quy (Regression) vs. Phan loai (classification)

m Bai todn optimization nay cé nghiém gidi tich hoan toan
(analytical solution), mudn biét két qua chi can bé dir liéu vao
cbng thic chudn (normal equation)

m Nhin xét 1: khéng phai bai todn ML nao ciing phic tap

m Nhén xét 2: H don gian. L la ham lién tuc, kha vi (theo tham
s6 clia H)
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toan

HGi quy tuyén tinh (Linear Regression)

Hoc c6 giam sat (Supervised Learning)
Hbi quy (Regression) vs. Phan loai (classification)

m Bai todn optimization nay cé nghiém gidi tich hoan toan
(analytical solution), mudn biét két qua chi can bé dir liéu vao
cbng thic chudn (normal equation)

m Nhin xét 1: khéng phai bai todn ML nao ciing phic tap

m Nhén xét 2: H don gian. L la ham lién tuc, kha vi (theo tham
sO clia H)

m Trong thuc t&, it xai céng thifc chudn Vi né khéng én dinh sé
hoc (numerically stable)
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an
HGi quy tuyén tinh (Linear Regression) (¥lere o i 25 (@) (L)
Hbi quy (Regression) vs. Phan loai (classification)

Hoc cé gidm sat (Supervised Learning)

m Linear regression 1a mét vi du vé hoc cé gidm sat
m Dit liéu dugc cung cép c6 "mac", ham s& dau ra doin méc
cho dit liéu tuong lai / chua nhin thay
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Bai toan

Gia

Hoc c6 giém sat (Supervised Learning)

Hbi quy (Regression) vs. Phan loai (classification)

HGi quy tuyén tinh (Linear Regression)

HGi quy (Regression) vs. Phan loai (classification)

m Linear regression 13 mét vi du v& bai toan hdi quy
m Tém tit thong tin cla dif lidu cii dé 1am thong tin dit liéu mdéi
m Spam filtering 13 m&t vi du vé bai toén phan loai
m Dt liéu cii dugc chia thanh 2 hay nhiéu loai, tim cich doan
xem dif li€u mdi thudc loai nao
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Bai toan
Giai
K-means Hoc khéng gidam sat

Sa luoc

K-means
= Bai todn
= Gidi
= Hoc khéng gidm sat
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Gia
K-means Hoc khéng gidam sat

m Di liéu
B X = (), €R?
m Khéng cé mac!
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Bai toan
Giai
K-means Hoc khéng gidam sat

m Di liéu
B X = (), €R?
m Khéng cé mac!
m Cho
m HC{f:X—{1,2,... k}} tip hop cac ham gén diém trong
x € X vao cluster S¢(,
k
n L(f) = > j-y [SilVar[S]

m Var[S;] do phuong sai clia cic diém x c6 f(x) =i
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Bai toan
Giai
K-means Hoc khéng gidam sat

m Di liéu

B X = (), €R?

m Khéng cé mac!
m Cho

m HC{f:X—{1,2,... k}} tip hop cac ham gén diém trong

x € X vao cluster S¢(,
k
m L(F) = Xiy |Si[VarSi]
m Var[S;] do phuong sai clia cic diém x c6 f(x)=1i

m Tim

m f* € H sao cho L(f*) nhé nhit
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K-means Hoc khéng gidam sat

m Khdng c6 nghiém gidi tich hoan toan. Dung thudt todn du
doén nghiém (heuristics). Khong c6 dinh Iy vé& tinh ding sai.
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Bai toan
Giai
K-means Hoc khéng gidam sat

m Khdng c6 nghiém gidi tich hoan toan. Dung thudt todn du
doén nghiém (heuristics). Khong c6 dinh Iy vé& tinh ding sai.

m Thut todn EM (Expectation - Maximization) (khng trong
scope)
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Bai toan
Giai
K-means Hoc khéng gidam sat

m Khdng c6 nghiém gidi tich hoan toan. Dung thudt todn du
doan nghiém (heuristics). Khéng cé dinh ly vé tinh ddng sai.

m Thut todn EM (Expectation - Maximization) (khng trong
scope)

m Nhin xét 1: Phan 16n bai todn ML doi hdi gidi mot bai
optimization khé nhu kmeans, can ding nhiing thu4t ton
numerical methods phtc tap, khé kiém soat hon.
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Bai toan
Giai
K-means Hoc khéng gidam sat

Khdng c6 nghiém gidi tich hoan toan. Dung thuit todn du
doan nghiém (heuristics). Khéng cé dinh ly vé tinh ddng sai.
Thujt todn EM (Expectation - Maximization) (khdng trong
scope)

Nhén xét 1: Phan 16n bai toan ML doi hdi gidi mét bai
optimization khé nhu kmeans, can ding nhiing thu4t ton
numerical methods phtc tap, khé kiém soat hon.

Nhin xét 2: Lua chon H va L can b5ng gilta d6 khé cia bai
todn va y nghia cta bai toén.
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Bai toan
Giai
K-means Hoc khéng giam sat

Hoc khdéng gidm sat

m K-means la vi du cho hoc khéng giam sat
m Khéng c6 khai niém dir kiéu mdi, cii; chi di tim théng tin
trong dii liéu dang cé
m Dt liéu dang c6 khdng dugc gédn ‘mac’
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uy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can béng do léch - phuang sai (Bias-variance tr Can bing d6 léch - phuang sai

Sa luoc

H Can bing db léch - phuong sai (Bias-variance trade-off)
u Trd lai bai todn hdi quy tuyén tinh
= M5 hinh théng ké (Statistical model)
= Bai todn ML la bai toén fit statistical model
= Udc lugng (estimator)
u Can bing do léch - phuong sai
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Tré lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Bai todn 16n hon

m Hoan canh

m Cho bién x, y

m Cho biét tdn tai ham f bac 1 sao cho f(x) ‘gAn’ véi y
m Di liéu

m Neux=1thy=1

m Néux=2thiy=5

m Néux=3thiy=6
mTimf
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Can béng do léch - phuang sai (Bias-variance trade-off)

Trd lai bai toan hdi quy tuyén tinh
hinh thong ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can bing d6 léch - phuang sai

Gia dinh ham trong hdi quy tuyén tinh

m f(x)#y
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Can béng do léch - phuang sai (Bias-variance trade-off)

Trd lai bai toan hdi quy tuyén tinh
hinh thong ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can bing d6 léch - phuang sai

Gia dinh ham trong hdi quy tuyén tinh

w f(x) #y
mf(x)~

thiéu May hoc (Machine Learning - M



Tré lai bai toan hdi quy tuyén tinh

M@ hinh théng ké (Statistical model)

Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)

Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Gia dinh ham trong hdi quy tuyén tinh

w f(x) #y
mf(x)~y

m f(x) = ax+b+e trong dé a, b € R con e I sai s6 ngdu nhién

Thién Lé

Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toén hdi quy tuyén tinh
M5 hinh thong ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Mb hinh théng ké (Statistical model)

m e trong f(x) = ax + b + ¢ 13 1 bién ngBu nhién

Gidi thiéu May hoc (Machine Learning - M



Can béng do léch - phuang sai (Bias-variance trade-off)

Trd lai bai toén hdi quy tuyén tinh

M5 hinh thong ké (Statistical model)

Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)

Can bing d6 léch - phuang sai

Mb hinh théng ké (Statistical model)

m e trong f(x) = ax + b + ¢ 13 1 bién ngBu nhién

m f 13 1 ham s6 ngiu nhién

Thién Lé

iéu May hoc (Machine Learning - ML)



Trd lai bai toén hdi quy tuyén tinh
M5 hinh thong ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Mb hinh théng ké (Statistical model)

m e trong f(x) = ax + b + ¢ 13 1 bién ngBu nhién
m f 13 1 ham sb ng3u nhién

m H ={x—ax+b+ela,becR}Ia1md hinh théng ké

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toén hdi quy tuyén tinh
M5 hinh thong ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Tai sao can bién ngau nhién

m M hinh m3u cla dit liéu
» Ly thuyét ngoai suy, ndi suy

m Muc dich clia méy hoc

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



(Statistical model)
toan ML la bai toan fit statistical model
‘gng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bang d6 léch - phuong sai

Mo hinh mau

m Bai todn ML = optimization + thbng ké

» Diing xac suit théng k& dung md hinh m3u cho dit liéu

Dinh nghia vin t3t llI

Bai todn ML 13 bai todn tim tham sb clia md hinh théng ké giai
thich dir liéu (data)

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Bai toan ML Ia bai toan fit statistical model
Uéc Iugng (estimator)
Can bang d6 léch - phuong sai (Bias-variance trade-off) Can bang d6 léch - phuong sai

Uéc luong tham sb (Parameter Fitting)

Dinh nghia van t3t llI

Bai todn ML 13 bai todn tim tham sb clia md hinh théng ké giai
thich dit liéu (data)

m Tim tham sb nhu thé ndo?

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



(Statistical model)
bai toan fit statistical model

Can béng do léch - phuang sai (Bias-variance trade-off)

Udc lugng (Estimator)

m Hoan canh
m Cho biét y = ax + b+ € v6i tham sb a, b nao dé, € 13 bién
ngiu nhién
m Dif liéu
m Neux=1thy=1
m Néux=2thiy=5
m Néux=3thiy=6
m Tim f (ho&c tim a, b)
= Ding dif liéu hitu han d& doan tham s 4(e), b(e)

Uéc lugng

Uéc luong clia mét tham sb 13 mét cach dua vao dif lidu dé doan
tham so.

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc Iugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Udc lugng khéng chéch (unbiased estimator)

m Cho tham sb a, uéc lugng & phu thudc vao dir liéu
m Chéch (bias) := E[4] — a

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



bai toan hdi quy tuyén tinh
(Statistical model)
bai toan fit statistical model

Can béng do léch - phuang sai (Bias-variance trade-off)

Udc lugng khéng chéch (unbiased estimator)

m Cho tham sb a, uéc lugng & phu thudc vao dir liéu
m Chéch (bias) := E[4] — a
m Udc lugng khéng chéch <= bias =0

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc Iugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Udc lugng hiéu qua (Efficient estimator)

= Phuong sai clia uéc lugng Var[d] = E[(E[4] — 4)?]

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



bai toan hdi quy tuyén tinh
(Statistical model)
bai toan fit statistical model

Can béng do léch - phuang sai (Bias-variance trade-off)

Udc lugng hiéu qua (Efficient estimator)

= Phuong sai clia uéc lugng Var[d] = E[(E[4] — 4)?]
= Mean squared error (MSE) := E[(a — 4)?]

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc Iugng (estimator)
Can béng do léch - phuang sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Udc lugng hiéu qua (Efficient estimator)

= Phuong sai clia uéc lugng Var[d] = E[(E[4] — 4)?]

= Mean squared error (MSE) := E[(a — 4)?]

m Udc luong khéng chéch véi phuong sai nhd nhat := uéc luong
hiéu qua

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toan hdi quy tuyén tinh
hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can bing dd léch - phuong sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Can bang db l&ch - phuong sai

m MSE = phuong sai +bias?®

thiéu May hoc (Machine Learning - M



Trd lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can bing dd léch - phuong sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Can bang db l&ch - phuong sai

m MSE = phuong sai +bias?®
= Phuong sai 16n biéu dién overfit
m Chéch 16n biéu dién underfit

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Trd lai bai toan hdi quy tuyén tinh
M@ hinh théng ké (Statistical model)
Bai toan ML Ia bai toan fit statistical model
Uéc lugng (estimator)
Can bing dd léch - phuong sai (Bias-variance trade-off) Can bing d6 léch - phuang sai

Can bang db l&ch - phuong sai

MSE = phucng sai + bias?
Phuong sai 16n biéu dién overfit
Chéch 16n biéu dién underfit

D& tim wéc luong tbt can giam ca 2.

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)



Q&A .
(Extra) Giai Kmeans chinh xac khé thé nao

Q&A va Extra

Sa luoc

B Q&A va Extra
= Q&A
m Extra
u (Extra) Gidi Kmeans chinh xéc khé thé nao

May hoc (Machine Learning - M



Q&A

(Extra) Giai Kmeans chinh xac khé thé nao

Q&A va Extra

Q&A
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Q&A ’
(Extra) Giai Kmeans chinh xac khé thé nao

Q&A va Extra

(Extra) Giai Kmeans chinh x4c khé thé nao

Thién Lé Gidi thiéu May hoc (Machine Learning - ML)
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