M K5

[AHOU UNIVERSITY

t=aF3-5l5

a3l ElEE
2022£E028




=k
B
01 Hl=z=z=>IHhin
02 #Hl=5=>JRYZEEY
03 HEEFIRIE=FIR
04 H=mFIHIFRAE




01 #===IhiA
02 #Hl=r=>RYREL

03 HlzsFIHE =R
04 HEBEFINFFRIRIE




m““"‘"_.l S5AIHRE. FEFINXFR

ATEERE: HSESEINAZEERE

NBFY: HEVNFBECSENE
E(R), BT ERIER FF
 IEAR B SN RSB —F 50 .

REFS]: LIS SIR—Ft
N




m a7 I RAMFHAE

3B (Yann LeCun) -- Andrew Ng
7RIBER-RXIA (Geoffrey Hinton) PYRERREIE, HEEAFEIH
AZB ( Bengio ) B, sraEXKNHNRIEASER

HEF*E T 2018F T EN R FESZIN BERERER.
ACMEIRIZ,




eI RBERZ=

|

(»m‘ f.x” | —
Zfin, MEFTHEEIREIRATIA BEE, mRAFITEVRZES
THEReLW=ELRN, JtEXE. mR AREFE . ATEBEFRRIK,
KZZREHIZ  |EEE 214, ACM 7S KFE: (WEES) FARP)

HElF 2, CCF BRaR.

FE: (FTEIFE)




m FF I RNEET(E

IR [FRTEVSFIMAE2NE
FEANFEZ—, AT EG3RE
KEFACMEE, EEelFHEEIRARE T
=1 TR

FET#EL: RIT T XGBoost&E %,

{aJ1Shg, Zliﬂi'}l?l;@:: *ﬁjt?— T
BOPNAKFSEARLINE, 20165, NIA
Facebook Al Research (FAIR) 1B{Eff5El

FE@EEL: 81T S ResNets




ERSrIE A LEREEIEEE

fmhg
oo e e
: Microsoft () HENMERA. BRESHERA & PN s 19754 e a1 21 Bz
Y — Ca
5 Google (AF) IHENMEREA,. BRESHERA & PN - 19984 s IB932417 5
3 Facebook (R&7) ABEORE, REFIE 3z ESES) 20044 flnly 5] M{E593MZETT
TR A EARE L . i
4 1 R, STRSIERA N b 20014 o {E438(75T
5 AEEEUHT EGIRBIRIA, EEES 1 EBRAE FoAHL FE 20064 AXRR RS HE210{2ETT
6 [EhaEs THEHNMEREA, REFS 23] FE 20145 DL fH{E70{ZZETT
7 B4R HENMAERAS 23] thE 20114 DRI H{E40{Z3ETT
8 RIARE BRGEEEA =] E 19994 i {E1081ZEE5T
— G AN
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Electronic Brain by
McCulloch & Pitts

1970 2

Backpropagation
& automatic
differentiation.

dy Ow,
3 ouy Oz
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Automatic differentiation

by Seppo Linnainmaaf
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11950,

Turing test is
proposed.

-1
Turing Test by
Alan Turing

Al Winter (1974-1980)

11979

The first convolutional
neural network (CNN)
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Neocognitron by
Kunihiko Fukushima
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""‘._f One of the first
computer
........ board game.
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Checkers Program by
Arthur Samuel

€3

Foundation of
graphical
probabilistic models.

Bayesian Networks by
Judea Pearl

Weights
automatically
learned.
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Perceptron by
Frank Rosenblat

1986

Fifle

Backpropagation
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Backpropagation in MLP by
Rumelhart, Hinton, Williams

057 8

(1960 2

The first cost
function.

.
~

8

E(w) =

€

W X
( : Perceptron
cannot
| learn XOR.
K & <) |
K ® ®
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ADALINE by XOR Problem by
Widorow & Hoff Minsky & Papert

Al Winter (1987-1993)

Convolutional neural
networks (CNN)
used for recognizing
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Almost champion-level
backgammon, using
reinforcement learning.
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WHENTS

LeNet by
Yann LeCun

TD-Gammon by
Gerald Tesauro
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Soft-margin NIST MNIST is born. || 2552 DeepBlue beats @\LSTM for addressing || %3 ¢ Deep learning @ ImageNet, a
SVM is Kasparov in « vanishing gradients. ||§% is possible. & large-scale

mtroduced chess. : o 5 image dataset
\ } 53 ¢ £ is introduced.
// h = e .‘: VRSt
I Q : £ .- Y 8 ! b. | s
N \- {5733 : IMAGENE

' \ ik ‘ *ﬁ "S ]
MNIST by
NIST

Deep Boltzman Machine ImageNet by
by Ruslan & Hinton Fei-Fei Li

2018 W . 2019

DeepBlue by
IBM

12013 g 2014 5

. A W
Support Vector Machines
by S. Vapnik & Cortes

12012 8

- (i i [ s
N s & First significant I . “*¥% Generative Adversarial @ DeepMind i3t Google Al : & DeepMind
Tl 4 resultsgin doon || NS Word embeddings ’ Network (GAN) The first program to beat a Pretrained Grandmaster level
learning P : become popular. introduced. professional Go player. language models. in Startcraft 1.
X . g img L
° [ ulm 8
® vonas ; i)

AlphaStar by
DeepMind

Parisa Rashidi, May 2020. CC BY 4.0

AlexNet by Word2Vec by AlphaGo by BERT by
Krizhevsky & Hinton Tomas Mikolov DeepMind Google Al
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2. EaFIRIRE-EEF

SN
v 952 (Classification)
v §51.65m, {RE100kgRI5E ABERFIL?
v IRIEPERIARR,. B RYTRRS AT R IR ?
v [l (Regression, Prediction)
v MATFN_E R RSN
v R EER?
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v B2Z (Clustering)
VI EERENZEREY. SEXn /9537
v [&4E ( Dimensionality Reduction )
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v B33 (Reinforcement Learning)

v T HEIARFOERERREIR (agent) TESIAERYAS
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eI EBE RBERMTAFIIRE,
REIRYER, KEEWM: —F2MZFRE (Probabilistic Model)F13EMEZR1REY
(Non-Probabilistic Model),

EREFIF, PREREAEFRRAP(v|x), IFERERENAY = f(x),

Hep, xZ2iA, y2Hid,
EXLWEFIF, MRREAIEFRAP(z)x), AIFERERENz = (%),

Hep, xZ2%IAN, z2Hhd.
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SRR, ANEIIHER, D/RRAER . SERESERETIE,

RO, ZiEmENL. KNN. AdaBoost, K-meansUAR 4R M4E1IYETIEHE
2yl

XITFAEEREEMTS, HgRAIBIRE M ST D i HREL SEE HRE,
BRI, SESFFEERL. KNN, K-means2Z4iREY,

]

5 mENL. AdaBoost, MR TIESMEIRE,
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22
1. 0-13R5KERZEN(0-1 Loss Function)

Y # f(X)

1
LY. 10) = {0, ¥ = F(X)

2. SEFIRKFEE(Quadratic Loss Function)

L(Y, f00) = (Y = £(0)
3. 43K ifZL(Absolute Loss Function)

L(Y, f(X)) =Y = ()
4. JWEIRFKEFERE (Logarithmic Loss Function)

L(Y,P(Y|X)) = —logP(Y|X)
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SHAMERBAN, RIBAHEE, 2RXSSUT U TREREAEXKG, W, SEXRK
IMEBERRIRBIFZFEIERE. A, SHAHEAREN, RRMALEXISH/IMELAIRESSE
"WE" IE.

A, FAIBREEM BN ERATEHEESRERIIENITU(Regularizer), SRIEMGR/IMUE
., BIRENE:

N
1
o £ 1065

Hep, J(HICRMNERESREREDN. SERER, J(HBK, REEER, J(HF@/h. 12
—ERYEEL, EIMIENMCERS, BTFEERXEIRESRE,

—iRi, SEXENREFELG XGRS RER/N, RIXI)IGEEFIN N E0E
HREBERIFRII A,
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HIRLRREEERT, FRATEETRENZEEEANRZE(Training ErronF0MKH#HERY
=2 (Testing Erron{ERENT{HRITRE,

N’

WHRRENERENA: Erere ==y L(yn fan)

I/
TN n=1

Hep, N'AREIEHE, LOn f () BIRERE, ymRNREIIRE, ()RR
TR
—igRiR, ERAVREFINIRT, WIZnREMUMRERI—EL
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01 H==m=Iit
02 H==FIJHYRE

03 Hl=zzFINE SRR
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3. NBRFINERAR-FEFE

T e E—

X5 Ng RN HFEnEs  POOES
A a alpha alfa ey B vk

B B beta beta I

r y gamma gamma fing

A 8 deta delta EHIE

E € epsilon epsilon X RE
Z ¢ zeta zeta g

H M eta eta B

0 0 theta fita [lip73

I 1 iota iota A1

K K kappa kappa i

A A lambda lambda =Mk
M m mu miu 2

N v nu niu il

= g Xi ksi CIE:3

0) 0 omicron omikron B A] K,
il m pi pai IR

P p rho rou x

Y c sigma sigma ity

T T tau tau =

Y v upsilon jupsilon R kg
® ® phi fai b2

X X chi khai B

y v psi psai =il

Q o omega omiga KR K
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S#(Derivative), BINSRIHE. XEHE,
RN PHNEEEMEES. SRSy = f(x)
BT EE—Rx, LFE—MEEAxET, R
AL EIEEAy SETEIEEAHILHERT
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RS AF- AR ES T
T

IREREL y = fFOERX BIEBIHAEEN, NRHETENNTEAXEIR
FER, BNEREINTEAYHBIETE, Wiy =f (X)T_ R xoSEEE,
Al)icr_I}OAy = Aljlcl;f)lo[f(xo +Ax) — f(x0)] =0

Yi Vi
) T
il " y=g (x)
O/ A_y
Ax / Ax
0 X X X 0 o X X

Y Ax — OB ,Ay — 0 YA >0 B, Ay NEEREIET 0
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1. |Z| SEZREEENX
ﬁElZﬁﬂ‘&BEhm fo) =
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& MRFIIZHERRIRRFE, limp,o

Ay
Ax = limpyo

f(xo + Ax) — f(x0)

Ax

NUFRLCARPRAREL y = f(x) R Xo LAITE, ' (x0)

. df(x)
B dx

X=Xy X=X

dy
X=X "dx

!

y
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(1) y=c (B m: y' =0 (9) y = secx M: y' = secxtanx

(2) y = x*(aALE) W: y'=ax*" (10) y = cscx MYJ: y" = —cscxcotX

B)y=a* M: y' =a*lna $FH: (e¥) =e* .

(11) y = arcsinx MY: y' =

1—x2

@y =logex W: y' = ——, #fi (nx)' =1

xlna X 1

(12) y = arccosx M: y' = — —
(5) y =sinx M: y' = cosx
a1

(6) y = cosx M: y' = —sinx (13) y = arctanx [y = 1+x2
(7) y = tanx y: y' = coizx = sec’x (14) y = arccotx Uk y'=- 1+1x2

(15) y = shx W): y' =chx, (16) y = chx W: y' = shx

(8) y = cotx MJ: y = ——— = —csc2x

sin?x
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w e =R
IR = u(x), v =v()ERExAIS, M:
(D (utv) =u +v’

(2) (uwv) =uv' +vu’ d(uv) = udv + vdu

B) ) =2 w=0) dE) =2

v v



S F-FH AT
) e
IZEREu = u(x), v=vx)ERAIS, 0.

IR (O ERx RIESBIHNES + 1INSE, NINZBIEEARETFx8Y
TRy, ExeSxZAEDFE—E, F5:

f(x) = f(xo) + f(x0)(x — x0) + %f”(xo)(x — Xo) %+

+ [1xo) (x — x0)"+R,(x)

n!

(n+1) .
e R, (x) = T—% (x — x) " IFRAf 0O TE RS x A AN Z=EISTH,

(n+1)!

Lxo =0, Ninfrz=gfaz\:
f(x)=f0)+f'(0)x+ %f”(O)xz + -+ #x" + R, (x)......




B AEETEY, = LRFH AT :

Ne*=1+x+=x24+=x"+o0(x")
2! n!

2)1n(1+x)=x—%

X2 4223 — ok (1) 4 o (™)
3 n
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8= (@), W Gy + iz 75Uzt ROt

QoA = { i =) BRTRERHTFIZEAT, det(l) = 1.
' o THIRBIFE—IT () BIFTBERITEERTRLL
L E—#k, FFREUFRLTFI.
BlaqArj+ azAy; + 4 agiApj = { ll(é)l,llil;&:j] o AeR™ det(d) = det(4").

e A,BE R™™" det(AB) = det(A)det(B)
o HBNIJANFHEHMRT, det(4) = 0
o HANIEFRAMERT, det(A™1) = 1/det(4)

Bl AA* = A*A = |A|E . HH:

All Azl amn Anl
4, 4, .. A
Am=| T TET T = () = (A

Ain Axn o Apn
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ajpz QA2 0 Qqun ]
5B mx nMNa HEEmiTn B P 12T T lamonsERs, fEREka,
Am1 Am2 Amn ]
s e C = A X B
& (ay) . Em=n, EUWA%nB)|%EB$_EnBﬁEB$
(co ¢1 “AO APE [’Bo Bq
FEPERIEIE : 1RA = (0))Bm x nfEIE, B = (b;)Bnxs [\cz cs) a2 as) B2 B3

FBfE, BBZm x sFEREC = (c;j), HF ¢;j = aj1byj + a;pby; + CO = A0 X BO + A1 X B2

C1=A0XB1+ A1 XB3
e+ ainbnj =1 alkbk]ﬁjjABHIJi$ 7N 1aij AB ,

C2=A2XB0 + A3 X B2
C3=A2XB1+ A3 XB3

5EPESEERIIER: AB +#BA, (AB)C = A(BC),A(B + C) = AB + AC
AFE . B x,y € RV, xTyk FRAMENARTRERER, IE8< x,y >
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dxl _ I ax g dx7A _ A
dx dxT dx AAn x nBYFERE, xJ9n x 1RYSIRIE
dax _ 4 dax _ v @A _ T
dxT A dx A dx A
T

ou _ foul dutv _ auT vl T ouvt  du T vt
axT_<ax) dx _6xv+6xu ox  ox ' +u6x
dxTx dxTAx dxTA .
a2 o= (A+ADx T = 24x (MRASIFSFREE)
0AB _ 0A 0B outxy

ox oxD T A% ox "V
ouTxTxu o|(xu-v)T(xu-v)|

_ T _ T
Py = 2Xuu Py =2(Xu —v)u
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#57Ea,b € R™1, N8R a"™b = 0, BfAlEI=a, bIEAZ,

FAEA € RV" Kiq, SR ARNYEEMMMIESRR, HEBE

, BBAARNIER G, A NATA = 1 = AAT,

IEES

XJF A € RV", vw € R, @& widw > 0, AIEERERE;

wlAw > 0, AJFIFTERRRE,
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175517 (51) RAER

|Al, i =]

(1)18A = (aij) e Mo andjy + aipdj + - + ainAjn = { 0,i+#j

> |A|ll’ =]
Bla1Asj + agidaj + o+ anidyj = { 0 i qtj]
A11 A21 e Anl

BD AA* = A°A = |A|EHFR: A* =

A12 A22 AnZ — (A]l) — (Al])T

Ain An - A
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(1) ¥4 Ac B, EARE, NBRE.

e FE

(1) 3Z#a1E: AUB = BUA,ANB = BNA
(2) 1B%=44: A=B, BlJAcB, BBcA,
(2) &5&1&#: (AUB)UC = AU(BUC);

(3) FO%44: AUB (84 +B) , ASBHREDEF—NRE. (ANBYNC = AN(BNC)

(4) ZF4: A- B, ARE(EBARKRE. (3) SEE: (AUB)NC = (ANC)U(BNC)
(5) #3Z44: ANB (8i4B) , ASBREIRTA4. (4) 125 EEARAE:

(6) ERZMH (BEAES) : ANB=o, AUB =4NE A4ANB = 4AUB

(7) BE (3ISEMH) © ANB=92,AUB=0,A=B,B=A,.
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X IIREFHAREERAY, HREF—HFARRIEREREE

AFTB SRR REL
SERRYREA REN

P(A) =

—s¥ch

581 Bk, fwmEA1 -8, HP1 - 354K, 4 - 859K,
IREE—IKA e RS, MARREHERE—DBK, 184 ={{RZIIBk}, 3KP(4).

.|

S=1{1,2,..,8}
3
A={123}=P(4) =
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(1) MR P(BIA) = U2 FRARENRIT, BRARISR

P(A)

—RTHNIEX, w591 -8, HAl - 354411k, 4 - 85/98IX,
IREE—BAYATREMERSE, MNTFBBHURE—DBK, 1CA={{=ZBIZTEK}, KP(A),

3
S={1,2,.,8) A={123}=P) =

(2) 2Z=NT: P(A) =X~ P(A|B)P(B;),B;B; = 2,i # ], G B; = 0.
J =1
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P(A|Bj)P(Bj) — 12 . 1

(3) Bayesz\: P(B;|A) = S P(AIBi)P(Bi)'] =

(4) BRELRTIV: P(A14z) = P(A1)P(Az|A1) = P(A2)P(A1147)
P(A1Az -+ An) = P(A1)P(A2|A1)P(A3|A147) -+ P(Ay|A1A7 -+ A1)
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(1) 0-13F:P(X = k) =p*(1 —p)1™%, k =0,1

(2) ZImfm:B(n,p): PX =k)=Cfp*(1—-p)" % k=0,1,-,n

k
(3) Poisson3fo:p(1): P(X =k) = %e—l,g >0k=012-

Poisson > hRVHREEM S E&lST 2480
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1
@) 999U, b): f(x) = { e <1 <
1 (x—p)*

(5) IESH N (1, 0%): @(x) = e 202 ,0>0,—0<x<+00

2TTO

le™ x> 0,1>0
0,

(EIEEDTE): f(x) = {



Fig SHIERT
_ 4y

#SHREE MRE

BEEL: PX =x}=p, EX) = X, xip; Cov(X,Y) = E[(X —E(X)(Y — E(Y))]

BESERL: X~f(x),E(X) = [ ) xf (x)dx MR

MR (1) Cov(X,Y) = Cov(Y,X)

(1) E(C) = C,E[E(X)] = E(X) (2) Cov(aX,bY) = abCov(Y, X)

(2) E(C1X + CY) = GEX) + GE(Y) (3) Cov(Xy + X,,Y) = Cov(Xy,Y) + Cov(X,,Y)

(3) EXFVIRIL, MEXY) = E(X)E(Y)

(4) [E(XY)]* < E(X?)E(Y?)



3. tsa=IMNESHIR-Python &

e
Python RUIRMRRIZSR

® Anaconda
® Jupyter notebook

® Pycharm

TR . https://zhuanlan.zhihu.com/p/59027692



Python BIRIRRYZ S
N

® Anaconda
https://www. anaconda. com/distribution/

WIS, ThRAS, 644 I __
A PLAHERN 223, G BRI IE RSS2 b Rl =
D ANACONDA  customize how Anaconda integrates with Windows

Advanced Options

Windows == V] Add Anaconda to the system PATH environment variable

) This ensures that PATH is set correctly when using Python, IPython,
conda, and any other program in the Anaconda distribution.

If unchecked, then you must use the Anaconda Command Prompt
(located in the Start Menu under "Anaconda (64-bit)").

[V Register Anaconda as the system Python 3.5

This will alow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automaticaly
detect Anaconda as the primary Python 3.5 on the system,

64-Bit Graphical Installer (457 MB)

32-Bit Graphical Installer (403 MB)



https://www.anaconda.com/distribution/

Python RUIMIRRIZZER
B

® Jupyter notebook P

C @ localhost: 8888/ e

fFcmdIME T, TIHRZEUCRERY = JURYASE
R, BN o S

jupyter notebookZ JFFLETLA —

[2nfljupyter botebookﬁigﬁ

, BahzfE=BaiFINEs
., FEiAIElhttp://localhost:8088

, BRUABEEEE!
http://localhost:8088/tree

«Q




Python BUIRRIE =
)

® Pycharm
https://www.jetbrains.com/pycharm/
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