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So lugc

© Khoa hoc Di ligu
o Dir ligu
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© May hoc (ML) trong Khoa hoc Dir Liéu
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Phan loai so lugc dir liéu

Vidu 1

e Bai toan sd lugc: nha truong phan loai hoc sinh
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Vidu 2
e Bai toan sa lugc: doanh nghiép ban & (retail) muén tdi uu hoa Igi
nhuén (profit)

o Dixr liéu:

@ Igi nhuan nhiing n3m (quy/thang) trudc, - dit liéu phic tap: diy sb
thai gian (time series)

@ nhan xét cha khach hang, - dit liéu vin ban
@ chién lugc clia d6i thi canh tranh, - dif liéu tritu tugng (abstract).

o ...
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Khoa hoc Dir liéu Dir liéu

Tai sao phai phan loai dir lieu?

Thu3t toan, phdn mém cu thé dé thu thap, x& Iy, phan tich mdi loai dit
liéu.
o Dif liéu sb: da s6 thuat toan/phin mém cé dién

e Dii liu van ban: natural language processing (NLP), vv
@ Dit liu hinh dnh: machine vision, vv
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healiealelily
Khoa hoc trong tu nhién

Chuyén ddng con 15¢ T = 27r\/§

Mot nha khoa hoc khong tin vao céng thirc tinh chu ky T trong
chuyén déng con I8c v6i d6 dai L va mudn xac minh lai bing cach tim

m sao cho T = mL3.
o Giai:

@ Thir véi nhiéu L va thu thap T tuong tng (dif liéu),

© V& Ién hé Oxy db thi L2 va T,

© V& dudng thang di (gan) qua moi diém,

© Tinh hé s6 gbc (slope) clia dudng thang.
Tu nhién 13 hop den dé nha khoa hoc thu thap dit liéu va ding né dé
tinh moi chu ky T khac chua tirng dugc thir.
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Khoa hoc Dir liéu

Téng quét hoa hai bai toan so lucsc va khoa hoc trong tu nhién:
@ Méi trudng M phiic tap, rat nhiéu bién s, khéng lién tuc, ...
e Dif liéu D thu thap dugc vé mdi trudng M.
@ Lua chon m6 hinh A phu thudc vao dir liéu D.
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Khoa hoc Dir ligu Khoa hoc Dir liéu

Muc dich cta khoa hoc dir liéu

Mbi trusng M, dit lidu D, mé hinh A(D).
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Khoa hoc Dir ligu Khoa hoc Dir liéu

Muc dich ctia khoa hoc dir liéu

Mai truong M, di liéu D, mé hinh A(D).
e Tim phuong phép thu thip D dé thu tém nhiéu nhit théng tin vé M
(lién quan dén viéc chon A).
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@ X ly thong tin (transform) D cho gon nhe ma khéng mit nhiéu
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Khoa hoc Dir ligu Khoa hoc Dir liéu

Muc dich ctia khoa hoc dir liéu

M&i trudng M, dit liéu D, mé hinh A(D).
e Tim phuong phép thu thip D dé thu tém nhiéu nhit théng tin vé M
(lién quan dén viéc chon A).
@ X ly thong tin (transform) D cho gon nhe ma khéng mit nhiéu
thong tin.

@ Heé théng ho4 viéc lua chon mé hinh A dua vao dif liéu D.
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Big data
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Khoa hoc Dir liéu Big data

Muc dich cha khoa hoc dir liéu hién dai

Thu4t todn méi, manh hon, chit ché hon dé
e Tim phuong phép thu thip D dé thu tém nhiéu nhit théng tin vé M
(lién quan dén viéc chon A).
@ X ly thong tin (transform) D cho gon nhe ma khéng mit nhiéu
thong tin.

@ Hé théng viéc lua chon md hinh A dua vao dif liéu D.
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Méy hoc (ML) trong Khoa hoc Dir Liéu

So lugc

© May hoc (ML) trong Khoa hoc Dir Liéu
@ Giai thich dif lidu - So lugc v& may hoc
@ Hdi quy tuyén tinh (Linear Regression)
@ K-means
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[VENVATR (VDRI - GEENNTADARENI  Gii thich dif liéu - So lugc vé méy hoc

Bai toan mdy hoc |a bai todn tdi uu hod (optimization)
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Bai toan mdy hoc |a bai todn tdi uu hod (optimization)
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Bai toan mdy hoc |a bai todn tdi uu hod (optimization)
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@ Cho tap hop ham sé H. (Gia dinh: mé hinh A diing n3m trong H)
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[VENVATR (VDRI - GEENNTADARENI  Gii thich dif liéu - So lugc vé méy hoc

Bai toan mdy hoc |a bai todn tdi uu hod (optimization)

@ Cho dit lieu D.
@ Cho tap hop ham sé H. (Gia dinh: mé hinh A diing n3m trong H)

o Cho ham mat mét Lp : H — R dé danh gia ham sb trong # trong
viéc gidi thich dit liéu D.
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Méy hoc (ML) trong Khoa hoc Dir Liéu Giai thich dif liéu - So lugc vé méy hoc

Bai toan mdy hoc |a bai todn tdi uu hod (optimization)

@ Cho dit lieu D.

@ Cho tap hop ham sé H. (Gia dinh: mé hinh A diing n3m trong H)

o Cho ham mat mét Lp : H — R dé danh gia ham sb trong # trong
viéc gidi thich dit liéu D.

e Tim ham s6 f* € H gidi thich dit liéu t6t nhat:

LD(f*) < LD(f),\V/f cH.

va dung f* 1am mo hinh cho cac buéc tiép theo.

Lé Thién (MIT/CSAIL) Téng quan Ngay 25 thiang 7 ndm 2021 15 /36



WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

Bai todn nhd

@ Hoan canh

o Cho bién x,y

o Cho biét ham sb f lién hé x v6i y c6 bac =1
e Dii liéu

o Nbux=1thiy=1

o Neux=2thiy=5

e Tim f
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WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

Bai toan I16n hon

@ Hoan canh

o Cho bién x, y

o Cho biét ton tai ham f bac 1 sao cho f(x) ‘gan’ véi y
e Dir liéu

o Nbux=1thiy=1

o Neux=2thiy=5

o Néux=3thiy=6

e Tm f

Lé Thién (MIT/CSAIL) Téng quan Ngay 25 thiang 7 ndm 2021 17 /36




WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

toan 1 chiéu

B

Q-

e Dit lieu
° (X,')Ir]_l eR
o (yi)iL; €R
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WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

Bai toan 1 chiéu

o H:={f:x+ ax+ bla,b R}
o L(f) =1Ly (f(x) —yi)?
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WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

Bai toan 1 chiéu

o H:={f:x+ ax+ bla,b R}
o L(f):= Z?:l(f(xi) - YI)2

e Tim 3 30 30 @0 S0 0
o f* € H sao cho L(f*) nhé nhit
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WEVAIIN (VIS RUCIT-AGUEN TS RITIN  Hoi quy tuyén tinh (Linear Regression)

Bai toan d-chiéu

o Dit liéu
o (X;);-':l S Rd
o (), €R

o HC{f:x (a,x)+blac R bcR}
o L(F)=21(F(x) — yi)?
o Tim

o f* € H sao cho L(f*) nhd nhit
(hodc a € RY, b € R sao cho L(x ++ (a,x) + b) nhd nhét)
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Méy hoc (ML) trong Khoa hoc Dir Liéu H&i quy tuyén tinh (Linear Regression)

Giai

@ Bai toadn optimization nay c6 nghiém gidi tich hoan toan (analytical

solution), mudn biét két qua chi can bd dif liéu vao cong thirc chudn
(normal equation)
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Méy hoc (ML) trong Khoa hoc Dir Liéu H&i quy tuyén tinh (Linear Regression)
G a2
1al

@ Bai toadn optimization nay c6 nghiém gidi tich hoan toan (analytical
solution), mudn biét két qua chi can bd dif liéu vao cong thirc chudn
(normal equation)

@ Nhan xét 1: khong phai bai todn ML nao ciing phtc tap
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Méy hoc (ML) trong Khoa hoc Dir Liéu H&i quy tuyén tinh (Linear Regression)
G a2
1al

@ Bai toadn optimization nay c6 nghiém gidi tich hoan toan (analytical
solution), mudn biét két qua chi can bd dif liéu vao cong thirc chudn
(normal equation)

@ Nhan xét 1: khong phai bai todn ML nao ciing phtc tap
@ Nhan xét 2: H don gidn. L 13 ham lién tuc, kha vi (theo tham s cla

H)
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Méy hoc (ML) trong Khoa hoc Dir Liéu H&i quy tuyén tinh (Linear Regression)
G a2
1al

@ Bai toadn optimization nay c6 nghiém gidi tich hoan toan (analytical
solution), mudn biét két qua chi can bd dif liéu vao cong thirc chudn
(normal equation)

@ Nhan xét 1: khong phai bai todn ML nao ciing phtc tap

@ Nhan xét 2: H don gidn. L 13 ham lién tuc, kha vi (theo tham s cla
H)

e Trong thuc t&, it xai céng thirc chuin vi né khéng 6n dinh s6 hoc
(numerically stable)

Lé Thién (MIT/CSAIL) Téng quan Ngay 25 thiang 7 ndm 2021 20/36



nh hoa

oooooooooo

Mi




Méy hoc (ML) trong Khoa hoc Dir Liéu K-means

o Dir lieu
o X = (Xf)?:l € R
o Khong cé mac!
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means

Bai toan

o Dir lieu
o X =(x)0, € RY
o Khong cé mac!
e Cho
o HC{f: X~ {1,2,... k}} tap hop cic ham gan diém trong x € X
vao cluster S¢(,y
o L(F) =X, [SiVarlS]

o Var[S;] do phuong sai clia cic diém x c6 f(x) =i
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means

Bai toan

o Dir lieu
o X =(x)0, € RY
o Khong cé mac!
e Cho
o HC{f: X~ {1,2,... k}} tap hop cic ham gan diém trong x € X
vao cluster S¢(,y
o L(f) = Y21, SiIVarlS]
o Var[S;] do phuong sai clia cic diém x c6 f(x) =i
e Tim
o f* € H sao cho L(f*) nhd nhit
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means

Giai

@ Khong c6 nghiém gidi tich hoan toan. Dung thuit toan du doan
nghiém (heuristics). Khong c6 dinh Iy vé tinh ding sai.
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means
a2
Giai

@ Khong c6 nghiém gidi tich hoan toan. Dung thuit toan du doan
nghiém (heuristics). Khong c6 dinh Iy vé tinh ding sai.
@ Thudt todn EM (Expectation - Maximization) (khéng trong scope)
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means
a2
Giai

@ Khong c6 nghiém gidi tich hoan toan. Dung thuit toan du doan
nghiém (heuristics). Khong c6 dinh ly vé tinh ding sai.
@ Thudt todn EM (Expectation - Maximization) (khéng trong scope)

@ Nhan xét 1: Phan 16n bai toan ML doi hdi gidi mét bai optimization
khé nhu kmeans, can diing nhitng thuat todn numerical methods
phirc tap, khé kiém soat hon.
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Méy hoc (ML) trong Khoa hoc Dir Liéu K-means
G a2
1al

@ Khong c6 nghiém gidi tich hoan toan. Dung thuit toan du doan
nghiém (heuristics). Khong c6 dinh ly vé tinh ding sai.
@ Thudt todn EM (Expectation - Maximization) (khéng trong scope)

@ Nhan xét 1: Phan 16n bai toan ML doi hdi gidi mét bai optimization
khé nhu kmeans, can diing nhitng thuat todn numerical methods
phirc tap, khé kiém soat hon.

o Nhan xét 2: Lua chon H va L can bang giita d6 khé clia bai toan va y
nghia cha bai toén.
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off)

So lugc

© Can bing d6 léch - phuong sai (Bias-variance trade-off)
Trd lai bai toan hdi quy tuyén tinh

Mb hinh théng ké (Statistical model)

Bai todn ML la bai toan fit statistical model

Uéc lugng (estimator)

Can b3ng d6 léch - phuong sai
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Can bing d6 léch - phuong sai (Bias-variance trade-off) [EEEGRETNETRIENNIT R IR R

Bai toan I16n hon

@ Hoan canh

o Cho bién x, y

o Cho biét ton tai ham f bac 1 sao cho f(x) ‘gan’ véi y
e Dir liéu

o Nbux=1thiy=1

o Neux=2thiy=5

o Néux=3thiy=6

e Tm f
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Can bing d6 léch - phuong sai (Bias-variance trade-off) [EEEGRETNETRIENNIT R IR R

Gia dinh ham trong hdi quy tuyén tinh

o f(x)#y
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Can bing d6 léch - phuong sai (Bias-variance trade-off) [EEEGRETNETRIENNIT R IR R

Gia dinh ham trong hdi quy tuyén tinh

o f(x)#y
o f(x)~y
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Can bing d6 léch - phuong sai (Bias-variance trade-off) [EEEGRETNETRIENNIT R IR R

Gia dinh ham trong hdi quy tuyén tinh

o f(x)#y
o f(x)~y

e f(x)=ax+ b+e, trong d6 a, b € R con e 13 sai s& nglu nhién
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Can b3ng dd léch - phuong sai (Bias-variance trade-off) [YHNIRL T A CNIEERIIEI RNE E)]

M6 hinh thong ké (Statistical model)

e e trong f(x) = ax + b+ € 1a 1 bién nglu nhién
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Can b3ng dd léch - phuong sai (Bias-variance trade-off) [YHNIRL T A CNIEERIIEI RNE E)]

M6 hinh thong ké (Statistical model)

e e trong f(x) = ax + b+ € 1a 1 bién nglu nhién

e f 13 1 ham s6 ngiu nhién
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) M5 hinh théng ké (Statistical model)

M6 hinh thong ké (Statistical model)

e e trong f(x) = ax + b+ € 1a 1 bién nglu nhién
e f 13 1 ham s6 ngiu nhién
e H={x— ax+b+e|la,b € R} Id1mb hinh théng ké
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) M5 hinh théng ké (Statistical model)

Tai sao can bién ngau nhién

@ M6 hinh miu cia dif liéu
e Ly thuyét ngoai suy, ndi suy
@ Muc dich clia may hoc
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Bai toan ML la bai toan fit statistical model

Mo hinh mau

@ Bai todn ML = optimization + théng ké

e Dung xéac suat thdng k& dung md hinh miu cho dif liéu

Dinh nghia van t5t

Bai todn ML 13 bai toan tim tham s& clia md hinh théng ké gidi thich dir
lidu (data)
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Can b3ng dd léch - phuong sai (Bias-variance trade-off) [USRIEI-NCHIIELeg)

Uéc lugng tham s6 (Parameter Fitting)

Dinh nghia van t5t

Bai todn ML 13 bai toan tim tham s& clia md hinh théng ké gidi thich dir
liu (data)

@ Tim tham sb nhu thé n3o?
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Uéc lugng (estimator)

Uéc lugng (Estimator)

@ Hoan canh

o Cho biét y = ax + b + € véi tham sb a, b nao d6, € |a bién ngiu nhién
e Dir liéu

o Nux=1thiy=1

o Neux=2thiy=5

o Néeux=3thiy=6
e Tim f (hodc tim a, b)

o Ding dit liéu hitu han @& doan tham s6 3(c), b(¢)

Uéc lugong }

Uéc luong clia mdt tham s6 13 mdt cach dua vao dit liéu dé doan tham sb.
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Can b3ng dd léch - phuong sai (Bias-variance trade-off) [USRIEI-NCHIIELeg)

Uéc luong khong chéch (unbiased estimator)

@ Cho tham sb a, uéc lugng 3 phu thudc vao dif liéu
@ Chéch (bias) := E[3] — a
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Uéc lugng (estimator)

Uéc luong khong chéch (unbiased estimator)

@ Cho tham sb a, uéc lugng 3 phu thudc vao dif liéu
@ Chéch (bias) := E[3] — a
e Udc lugng khéng chéch <= bias =0
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Can b3ng dd léch - phuong sai (Bias-variance trade-off) [USRIEI-NCHIIELeg)

Uéc lugng hiéu qua (Efficient estimator)

e Phuong sai clia uéc lugng Var[3] = E[(E[3] — 3)?]
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Uéc lugng (estimator)

Uéc lugng hiéu qua (Efficient estimator)

e Phuong sai clia uéc lugng Var[3] = E[(E[3] — 3)?]
@ Mean squared error (MSE) := E[(a — 3)?]
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Uéc lugng (estimator)

Uéc luong hiéu qua (Efficient estimator)

e Phuong sai clia uéc lugng Var[3] = E[(E[3] — 3)?]

@ Mean squared error (MSE) := E[(a — 3)?]

e Uéc lugng khéng chéch véi phuong sai nhé nhit := uéc lugng hiéu
qua
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Can béng db léch - phuong sai

Can bang do léch - phuong sai

e MSE = phuong sai +bias?
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Can béng db léch - phuong sai

Can bang do léch - phuong sai

e MSE = phuong sai +bias?
@ Phuong sai 16n biéu di&n overfit

o Chéch 16n biéu dién underfit
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Can b3ng d6 léch - phuong sai (Bias-variance trade-off) Can béng db léch - phuong sai

Can bang do léch - phuong sai

e MSE = phuong sai +bias?
@ Phuong sai 16n biéu di&n overfit
o Chéch 16n biéu dién underfit

o D& tim udc luong tét can gidm ca 2.
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So lugc

Q Q&A
o Q&A

Lé Thién (MIT/CSAIL) Téng quan Ngay 25 thiang 7 ndm 2021 35/36



Q&A Q&A

Q&A

Q&A
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