45k TAE 2024 F A% o B8] /5 3
Vs \ ~
F1H: 512

FRIRA: X 2
XAKEBE LG ok
A9

2024 F 9 H
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ERER

o RALE W : http://www.liuyanecon.com/ug-ts-2024/
o VFUif: ulysses1906@163.com

o JAE: M B326-1

o BARETI]: WFAHFWT A, WAL

o KIRAH: 1-16 B, #4516 KR

o RAZHF X : http://www.liuyanecon.com/book-timeseries/

X e A KEE %19k Fi %4/32 70
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SEZH: YR

* R T ERSFEPH
@ Tsay, An Introduction to Analysis of Financial Data with R, 2013; #3504, & M
BEME, 04 KF R KGR (x)
@ Stock and Watson, Introduction to Econometrics, 3rd edition, 2011; ®Efh&, {3+t
FEGF), HBCE ML, 2015 (+)
o R B A, F2/3 FRETRIFOBE, Kt Aakb iR R
Q fTHa, (mRMEFE A7), AL KFEmit, 2003

X &« KK e ak %14 Fib %5/32 M
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SE4H. #HH

@ Tsay, Analysis of Financial Time Series, 3rd edition, 2010; F X #1i%5k, (& aket
BB R 54T, ARWEE & paiE, 2012

@ Hamilton, Time Series Analysis, Princeton University Press, 1994;  C#1i%
i, BFEEFISHT), FEARKSF HMRA, 2015

X e A KEE %19k Fi %6/32 70



RAEA 2

FREUTE
o “FaFAL: 10 RAEL, HK 5%, it 50%
o MAFK: FXA, WA (L x WK, EBRE AL 50%
o EiAb+F &9 3) £ An K X 09 4E FE 2 Bl AL A2
o A MEKE LR F—H

o TAEX AF AL B Rkt B F ks

X e A KEE %19k Fi %7/32 70
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BB R HE R AR E K

o F A&, 2804775220@qq.com

o F.U¥F, 4501675230qq.com

o X A4, liuenhan828@163.com

L s aieRitiEgf (R) HEFE, SEELERIEFREE
A AN B, B AR BT REE R

o EBKFAEM AR h BAE LA F: F k!

X &« KK e ak %14 Fib %8/32M



RAEA 2

BB R HE R AR E K

o F A&, 2804775220@qq.com
o F.U¥F, 4501675230qq.com
o X A4, liuenhan828@163.com
L s aieRitiEgf (R) HEFE, SEELERIEFREE
A AN B, B AR BT REE R
o EBKFAEM AR h BAE LA F: F k!
o 71 TeXLive 2024 2% XgUIEX A £ £+ L & H

X &« KK e ak %14 Fib %8/32M
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BB R HE R AR E K

o F A&, 2804775220@qq.com

o F.U¥F, 4501675230qq.com

o X A4, liuenhan828@163.com

o ElatLiEitdsh (R) HAEHH, HEFLERIECTREE
o AMAZNEMIEL, B AER—IBITKEI B KD

o EBKFAEM AR h BAE LA F: F k!

o HE#H M TpXLive 2024 £3; XgIATRX A T % F L &+
o iR A A : BEAMER + CTRX P L Z & + newpx TR &

E R PP %1 2

$8/32 W



RAEAN2
RIEIAIE
o ARk LRAM—K, RAMIRIEL EAEHRALET
o T&F I pFstAT AR

("] ’f’éﬁ?;’%‘iﬂ:

x| %& o K KA Rk F1#F: % #9/32W
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ERfERLE

Q HAME AR aFE E Ik

Q A RsEHHEy LA

Q A KARIF, 4o xx EIF, xx Bh#

Q EXFA—IT, AiEMAT L, BERAFAREL, FHFEKRRGEAR
Q@ %K, EMKIMFAB LB LS

Q LT LE R A A

X% o KK e ak %14 §it #10/32
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BB 4 7 151

[ £7) 24 0did) 5 73842 : % TiR464 B4

XX & i
RAF!T KA XX B xx FLFAE, T xx KB xx WA xx B, oo
AIF ! xx

X e A KEE %13 i %11/32 70
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B

o IRAE T B4k Al R #ATF T AR T AR G AZAE Ak
o TATZ3ATHREKE: https://mirrors.tuna.tsinghua.edu.cn/CRAN/
o BB T # & Mm% £ %K R-Studio: https://www.rstudio.com/
o R IHFKA WA, K4 FF Finh s IAEX LA%
o THA XS A LR T X E MATLAB
o H#H KK, 4 A Python
o ARAXA FITREIIR, @A b #HAT AR K 3K
o XA FIAL K AN IR R R RA B

X% o KK e ak %13 it F12/32 1
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iEAEA- 43

R-Studio 7~

@ RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help
© - oyl - ~ Addins ~
O EER © ) BankgranchR bt
F Source on Save /- Srn | o
217 Fﬂesncodmg "GBK")
218
219 # bank size data
220 Z <- read_excel("fit {7 i 120180504.x1sx",
221 sheet = 1,
222 col_names = T)

223 z <- data.frame(z)
224 zSyear<- paste('y", zSyear, sep =

225 zcode <- 2[,3]|

226 zcode <- levels(factor(zcode)) # with whole country total
227 2zbank <- Zcode[Zcode ! g

228 ¥ <- matrix(nrow = length(zcode),

229 ncol = nyear,

230 dimnames = 1list(c(1l:length(Zcode)), year))

231 zA <~ data.frame(code
232 2B < zA # liability
233 2L < zA # Toan

234 D <- ZA # deposit
for (i in ength (zcode)) {
<

Zcode, Y) # asset

(Top Leve) +

Console.

Terminal

Platform: x86_64-we4-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'Ticense()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'aQ’ to quit R.

:&k Ak e

=0

 source ~

>

- X

R project: (None) -

Environment  History Connections

= & | 1% mport Dataset - & List ~

A 1 Global Environment ~

Files Plots Packages Help Viewer EE
- >R

R: Convert Character Vector between Encodings ~

iconv {base} R Documentation "

Convert Character Vector between Encodings

Riaipt 2

=0

Description

‘This uses system facilies to convert a character vector the '’ stands for i

Usage

iconv(x, frem = "%, to = "%, sub = NA, mark = TRUE, toRaw = FALSE)

iconviist()
Arguments

& Acharacter vector, or an object to be converted fo a cnaradsr Veclor by as. character, or a list With NULL
and zaw elements as retured by iconv (toRaw =

A character string describing the current encoding.

to  Acharacter string describing the target encoding.

sub  character string Ifnot Na it rtible bytes in the input
sinale character but can be more }If “kyr.a® the indication is * <> with the hex code of the bvte.

Ed 13/32
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REAR

Q Fit, MERL

Q %t a3

Q ] 5 7 K A 4 4

Q -FAxE 1] 5 3 69 B HA 1 B i
@ ARMA 34269 % T~ 5% R
QO A=A LT

(7 JER=REE: SR E 1)

Q a3 = )3 547 46 K

X% o KK e ak %13 it F14 /321



RAEA 2

REAR

it 8] 5 2] 69 F )

6% G = R 5

©F 8 =R

FEALI 5 R F o £ AR
AP AEE B B 5 4 ARt A2
WAk 5 B i £ 4 EAL A
KA A

5.5

Q Fit, MERL

Q %t a3

Q ] 5 7 K A 4 4

Q -FAxE 1] 5 3 69 B HA 1 B i
@ ARMA 34269 % T~ 5% R
QO A=A LT

(7 JER=REE: SR E 1)

Q a3 = )3 547 46 K

© 6 © & & 6 6 ©

X% o KK e ak %13 it F14/32 W



RAZAN 2
BEFEM
MEHLA ., FRAL
o MARS: MIR, K¥, ML, R%p
o KMRE: EHEEH, THIX, HIASHIE@E, AR QRIS

o HAZH: Fhk, (RHRM) GEMFF L), SFHF Hmit, 2011
o HAbFFAH424%: http://www.liuyanecon.com/book-linearalgebra/

X% o KK e ak %14 Fib $15/32 1



RAEA 2
WA
ME B, R
o AR, MM, KF, ML, By
o MR EHFEZH, AKX, HIEAEHIEGE, AREFQG IS 7
o EHEAEH: Fihd, (BHEARK) GERFFAL), HFHF Hmt, 2011
o HAbFFAH424%: http://www.liuyanecon.com/book-linearalgebra/
2RRFTMEG LD K
o BEi: MAUKE, ilk, MENF. BE, &, AHRELNL, EAH
M, KERZELF SR
o RHME LTI T HE
o if: BARHEHA, i, SitE, MAMARKT, L&, —BE, #it
i

X% o KK e ak %14 Fib $15/32 1
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wEB R

Wt H5FEREEEL
oﬁmﬁﬂﬁ ay Ak A A ., ik
o W ILEF Al Fp FIAR AL GG A R A it ART 7 K
o Wi I ARG AL KD K
o #45 M R w*s%fm LB ) FAR AL 69 R AE AT
o REMMAFT: RWAL, ITLHRT, £aELSAT

X% o KK e ak %14 §it %16 /321
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o B!
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°o ¥ hF!

o HFRRHF ALK,

X
ofE
}\_
>\-—
>
I}‘ﬁan_\
ki
—
s
da
&

%17 /321
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X, & “F7 —mpm—iH
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FINES
° B!
o MELRRFNRX, & “F7 —HM—FH

o ZHAR, F W7, AGT
o A F|FA, %% Wikipedia, {9 %o-FALLT 1A

o TRMARME, AMMBARAALZEHKmMT

o AM: MMl IEME R AR, T2 EFELER. R RE

o EEENIT A G RIFEF . £RRFIMIIKF

o RMWHEMAFIEARMRIEL, FAEMNARNES, EHXTHA, &
B (k% 5F])

®

X e K KEE %19k Fib %17 /32 W



RATA 4

R Bl L2 7R

China Cyprus
o 10 o o
g § 20 twoo 8 10
g g g
Q (<) (9]
j=J j=2] j=J
g o © 10 tsom S o
S 2 g 2
k] ] v 3
s S o -
© -10 ° °
o I o
o I*] [*]
3 < 0] t-s0 < i
-20 v\, k=200
-201 . . . ~300 . . . . . — .
2000 2005 2010 2015 2005 2010 2015 2020 2010 2012 2014 2016 2018
Czech Germany Denmark
10 50
g = &
o 100 0 s o]
d 5 g g 25
<3 ) <3
b 04 0.0
s ° ° 6 5 v 8
s E e S
=] ° B -25
o -5 L 5 o T
S 5 S
2 roo g F-100 2
. -5.0
10 v ; v v v v v v : v v
2014 2016 2018 2020 2005 2010 2015 2020 2012 2014 2016 2018 2020
——AGDP - - Meverage ----Acredit — ECS - = - - DA
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BtE RS SR

e BFIE] -7 time series
o J X ME, WA ZIAF 769+ A KL AT ] T AL 6 — N AL 7|
o [ABY A EALEYRAALF F|RE 2 ALiTAZ: stochastic process
o T AR ULE, BRI B KW ARALTAE {X,} AR L ey AR X AT
cov(X;, X;_i)
o MMTAZIZ L HY LA K2 B 646 MM SRR (BAN), @A (F
Bik), MAVERAN (B), WMEHSH (t— co B X, B9BES ), AU
Ol S5 B HEIR A 69 3% &)

o Bl #gAn R : A P49 AT A AT G it e 5 )

X% o KK e ak %14 §it #20/32 7



BHEIFS: R A

o W FIRFAMERG AL TEXCHMIIAZN-FAEM HiaH K%

X% o KK e ak %13 it $21/32 70



BHEIFS: R A

o HHFIRIFAMEBY— AN E: T 2RI FEN Sk HE
o FAEME: MAEF K, Xiwk,...,X;) 9FEE ST R4 (moments) I+ T AL

X%« X K& ak 13 Fit %21/32 7



BHEIFS: R A

o HHFIRIFAMEBY— AN E: T 2RI FEN Sk HE
o FAaME: MEFE k, (Xisk, ..., X) B9IRA DT R 4E (moments) R + AL
o WA MALZMAEAE xo R, X; AT T ALTAZ F =T ABIR BT A T Ak A

x| % o K KA dk %13 $it #21/32 1



BHEFSY: BRI A

o HHFIRIFAMEBY— AN E: T 2RI FEN Sk HE
° —'T‘?F% s SEE K, (Xigk, ..., Xp) B9ERA 9 H R4E (moments) A + T 4L
B MAEEAEE xo B K, Xp KBTI T AL AR o T ARG BT R T RS IRA

o XAt—Af (WH) TX LMmEMM, LTEMNEL L HHE PSR B[
AR, =B AR

LF A B GG Bt 18] 5 7 S, BEIE], R ] (BRAE) AR

X e A KEE %19k Fib %21/32 7



BHEFSY: BRI A

o A FPRFAMEL—AN0: TEXCHEMIAG-FR-M LM
° —'F?F% : SEE Lk, Xigk, ..., Xp) 9IS R HE (moments) Kt F L
WM MAERAIEAE xo K, X REBT 1) B AL A2 o 7T ARG BT A ¥T AE BUA
o XA—M (W) EXLEBMENM, TERNELLTHE TGN B H
LI, =Rk
o ILSEALM | &G Bt i) 5 3 AR, Bbi]. E A (BUA) AR
o AIRMHAME &R MEL = RitF

X e A KEE %19k Fib %21/32 7



BHEFSY: BRI A

o A FPRFAMEL—AN0: TEXCHEMIAG-FR-M LM
° —'F?F% : SEE Lk, Xigk, ..., Xp) 9IS R HE (moments) Kt F L
WM MAERAIEAE xo K, X REBT 1) B AL A2 o 7T ARG BT A ¥T AE BUA
o XA—M (W) EXLEBMENM, TERNELLTHE TGN B H
LI, =Rk
o ILSEALM | &G Bt i) 5 3 AR, Bbi]. E A (BUA) AR
o AIRMHAME &R MEL = RitF

o 1Rttt E R EARE 2 A

X e K KEE %19k Fib %21/32 7



BEIFS: &FMMA I

o MMM MFRALRNTEFFIHN, BAZFAZFRATAAKFHE
o ZF TR TAL: F A K E 4y 8t 5 7| $3E
o LBt 5P| %t 5 A a9 F45: Cowles Foundation
o ®A# 1 Chicago University, 50 4 X#& %] Yale University
o ERRMMMBRMKEEFF K, Y Koopmans # K&
o % Keynes 255 #vh, B FTRARBGZAZBRBHEEFANE -

X e A KEE %19k Fib %22/32 7



BEIFS: &FMMA I

o MMM MFRALRNTEFFIHN, BAZFAZFRATAAKFHE
o BT M BT, A KZ &8t 5 7 538
o LBt 5P| %t 5 A a9 F45: Cowles Foundation
o ®A# 1 Chicago University, 50 4 X#& %] Yale University
o ERRMMMBRMKEEFF K, Y Koopmans # K&
o % Keynes 255 #vh, B FTRARBGZAZBRBHEEFANE -
o %311, %A IS+LM+Phillips %4, HFAEE

X e A KEE %19k Fib %22/32 7



BEIFS: &FMMA I

o FEIA: MFRAEATEFFNN, BAZFAFRATURKFTHL
o BFTEMAIEA: KR KZ6EE 57K
o LBt 5P| %t 5 A a9 F45: Cowles Foundation

o ®A# 1 Chicago University, 50 4 X#& %] Yale University

o ERRMMMBRMKEEFF K, Y Koopmans # K&

o T Keynes ZFFEHhR, BATRRETAEBLRBBEEFTNES
o %3k, #A IS+LM+Phillips &, #FAHEE
------ {83t KA FIR B E A 52 K F 69 3h 5t R

X e K KEE %19k Fib %22/32 W



BB FSY: Z5FHl A IO

o 70 FRIA4E, “HMIMI” FHMmEEL E T %% Keynes BFFOH LT £, F
BERR R T A G B RS PIAR A A A ek 6y T R LB F
o K& A#: Tom Sargent #= Chris Sims, 2011 iz X F1E
o MRZERF ] 5 FIAL AN LT ARAT O 2] @ 2 090 53547 F . WL, AlE,
Ak, . BT,
o /R BFLA T L F BT 1) 5 2 S48 A S AL 0 B ] AR K M A AR
o ¥TFHIMFIARA, @FA=BEHAE (VAR)

X% o KK e ak %14 Fib $23/32 W



Koopmans, Sargent, & Sims

1910-1985 1943-
1975 2011

X% o KK e ak %13 it $24 /321



BB 5. SRR I
e 60 F4X, Chicago University, Center for Research on Security Prices (CRSP)
By, BRT IR ML KL 569 Kk
o 60-70 FRRE LM & arsLib: AT HMEHM (5. Fik. %)
o BAHMTHMI: MILKAFREIRMARGKEF—L AT T AN CE
BCBET PR TE T 915 &

]Et[f’t+1 - 7’t|7’t,1’t—1, .- ] =0,

XERE 1 -1 5 Ti—; Z 19 AR A 0
o BY I 2| 34E T AR A T BRI 5 7 ik

X% o KK e ak %14 Fib %25/32 W



BHEF5: ERtAIPLA 1T

e Eugene Fama #= Bob Shiller 2013 8 # 554 3T = & M 694 RT3 N R K

o Fama —H BH “HH” T Ha9%EH

° Shlller/ﬁ: 70 FAXAKE) 80 F R A/ EA T F R E-HAHKXFE, HLIAAT
R R M, RRAETAGSENIESFBAT R E, mRETASKS

X% o KK e ak %14 Fib %26/32 1



Fama & Shiller

1939- 1946
2013 2013
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BHEFS: $HoREiEtE

o M 70 FRIHE, BB RETRAZEFEEBRFIEFN TN R Zehaktt T
Bz —

M5 &R R E L, CWALKLT W57 %t 2 ik 6 L E——3F P42
J7 3B A
o K& A#: Bob Engel #= Clive Granger, 2003 % N R %
o ¥ izARiIAZ b RRAKRGIEARR, R ARKE S AIE-FAR 5 2] 18] 09 K iy %

A
o MALEFFEERY, HALRRTH ML DRI X F

X% o KK e ak %14 Fib %28/32 M



Engle & Granger

1934-2004
2003
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it
RIEFHEAR: HEFE3
Z KR EME F 3] (machine learning) # &
o LY 3] (unsupervised learning)
o H&Y: Kr—uHEHITRE., 75, BHFEENKBETELA —CWIFE, RIFA
3t BIAKIE T WA R A
o WA F: BEIRA, EFIRA
o W43 (supervised learning)
o AHAMMIEMBITY, ZMEY HHRMEZ X MR Y = f(X), &AMA BRI
INE
o B, ERTARELN = 28RN LIRS A E
o %ML 5] (reinforcement learning)
o MR ZHENFNEF T XK, Fozh5HK] (dynamic programming) % % 5k £
e 4= AlphaGo

X% o KK e ak %14 Fib #30/32 7



$it
HEFIERZF. eMPNE: w5

T AR S 2019 5 121

i85 [ S UE AT 7T A AR AN 2 1 e
Bl AL A

A0, # X

X% o KK e ak %14 §it %31/32 71



$it
HEFIERZF. eMPNE: w5

TR AER 09 FEH

HLE 1 UK 3l 1 LA T (LR AT P

£ &, #WFA, AW

X% o KK e ak 14 §it %32/327M
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