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T AREBIEREN EFIID?

R { X, }.

Hi1E]/7=Z)%0# (time series data) EFEAEIAT (8] LUKERIRIENIE, BT AR

REERT B AIIER . XEMIBERRT E—SY). NRERITENTHIRESTRE

E.
MBS P EIEEITEIAD W, (EREBNEZMEREZNTRERNTBHN—RIIEHE
B, AR, MA, ARMA, FIARIMA, EFITZMITERFZHRERNIEFIIDITH, B
B3 ESBTFIIER ( ARIMA ) F1FET514 ARIMA ( SARIMA ) iE# 5512 B B350
FHIERS (ARMA) SHHEFR2 AR E BT A9E ., FRE X EERIEER T8~
5, DMEEGFHIRARATE]F T HTUNREE, XL WENERAEFINSEUE.
BRME, ARMA BRigFFIEFRA , BIEFEERERGAE., IRFIIEBEE
(BARE/ BWHZEREE) , WEIT"ED"HIFEE, BTFERFEY. LWRMEHETT
ARMA, SIRIF ARIMA 19" 45 & "88%y . Efilth, @ "FTHHED " HIREHMEZK,

—. Enfif=ny

1. AR(P)—E EY31EE! (Auto Regression)
Xe=c+ 30, piXeiten ()

BEFEEERNE HBESHEEZENXR,
Heh:

o p ZBEIAMEL;

e c EHIE (intercept) BEUIM;

o & WRIZFATFHIHETO, MEEETo WHEINIREE; & WERIZAHXTFECN ¢
HAE,



2. MA(q) 28 —R2ahF194EE (Moving Average)
Xi=p+e+d5 0, (2

B FIEEAN S B RIS IZE Rit.

Hrp

. 1 REFINE,

. 0., 0, 2B,

® &ty EtNyeey St—q %BxEE EU;T%EEO

3. ARMA(p,0) —BE BV shF191ERE (AutoRegressive

Moving Average)

ARMA (p,q)iEBich E12 7 p N B EVATHM g NMEEHFIYI, ARMA(p,q) &R ] AR R
N

Xe=cHe+ 3, eiXeit i 0ie, 6

Hr, c,p,aEX5aIE,

4. ARMAEEEF (Lag operator)

ARMARREY R ARREE T (Lag operator) L 3RFRR,
Lz{Xt} — Xt—i . (4)
XA,

- BRI TSRy G G -1 (L) =
1= el

o« MAQ)BEERIAERR: Xi = (1 + Z‘;zl ojLJ') & = 0(L)e;, Hrho TS
izt 0(L) =1+ Y0 6,1,

» BRVIA(BIE 2227107 (DA (LS ot

1% (L) Xy = 0(L)et,
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e & (L) = 1, WARMAETBE L AMA(Q)iZFE £0(L) = 1,WARMAFZEMH
AR(p)iT72,

=. ARIMAIRE —ES3m)F 138 EFE
#J (Autoregressive Integrated Moving
Average model)

ARIMA (Autoregressive Integrated Moving Average model) , Z9EESB5IF1898
EIRE, XIRBERHFHEREVIRE (BpthelfRfEEs)) , SARMA (p, q) 1=
ANy R, RERTAN:

(1- 52, L) (1- L)X, = (14 X0, 6L ) e, 15)
Heh

o PR EEIYITNEL;

o QBTN TFIIIEL;

o L 2WEEF (Lag operator) ,

edec Z,d>0Z2ZEDE (M) , FZHAERRES,
d=1, MED, X=X, — Xi1,

d=2, 2ME%, X' = X - X] |

—

J

. ARIMARJIREYIZEFNISEES]

1TAREAAI(HRE d)

d (ZEDME)  EELEFRMBENED IR

o TR ARIMA BERIERHIFEZFRH, BISIHFY (WENAE) MEEER
A, IRBIEATR, FSEHITED (d) REEFR.
o OISR MIIRIIE (20 Augmented Dickey-Fuller (ADF) #638) SEtGEFiaM,



EDRBHIESI—MMEZENESRIERFE.
ZHMH: RBIEFESZTEER, WEEFERAZETM ARIMA (SARIMA) {&E15)
HITEPHEED,

Non-Stationary Time Series

27| B2 EBEBEN

—————

o 200 400 600 800 1000

ZERB BN
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2. BRI (FE pFl q 1B)
2.1. BARER

o p (HEVAMEN) : {FHABMEXXEEN (ACF) BT, ACF R RN EFEIISEHEE
B2 ErEXM,

o g (BEhFIIME) : (ERRBEEXRE (PACF) BIRIfE ., PACF £RAiTEFS!
S5HEBEEZBNEREXME, EIRFPERENIMm,

o Z{EF ACF #1 PACF &, i hp fl g BE, NWEREEEN (40 AIC 5§
BIC) 1&IFREEREL,

2.1 ACF——HE1HX K% (Auto-Correlation Function)

MREMNB—PEEFT { X}, BANFERNRE (lag) k, BHEXEEHR p(k) 7
MUERRA:



,O(k) = C’ov(Xt,Xt+k)/Var(Xt) .

2.2 PACF—{REfHXEA%L (Partial Auto-correlation Function)
MFaFEFRy { X}, EERHEEE, RBEXRE o(k) ATARTN:

¢(k) = Cov(Xy — E[X¢| Xy 1, Xpopya], Xeek —
E[ X 3| Xi—py1, -, Xe1])/VarX, .

2.3 ACFFIPACFRIBX S #I%I

5.
LAAR (1) 526,
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ACFEIFIPACFEIRVHE AL FRiE[E], #HEAENHGERE, NLIFEHEHEERE T
FIACFHIPACFE, HENHEBNXIGRKREIS5%HI9%MNEFXE, HACF/PACFETE
HEeXiE i, BITMIANEHEHEEEE THACFPACFRSIT EEENE, BIXT



HWEREE THNFEIZENEXERAEE LREEN. T2156. BEIEE, S
[ER08, ACFHIPACHEXANT, EA—TFIISECHRASTEER, EILLACFH
PACFE EBE B XBIERMNHEERIBVEF N,

{512

MESRERSI, SACFEGZIERE. BPACFERIGZIBENSH, HaitEFs!
EFAREE, HPACFEENHEMBMEES R EEE, NE:

Autocorrelation

- ‘IHHHHmnmm,,,.,.... R

= % = = # AHE: AR
Partial Autocorrelation HA#q: O
ﬁjaﬁﬁp: 2

0.50 ]
5o I R SN PACF S EAH &
HABHAXTHR
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SHERRSEFS, HPACFERZ2MEE. BEACFRIGZIBRINSH, SHaiidEFsl
ERMAREL, HACFEREIFEMEEES HarEEE

025 I {
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{514

SERRT B FT, HACFEGFIPACFEIGEHZIMAZMIERIREH, TiICEIGREE
B, IERIIEERFARIMAREE!, BHItbESACFAIPACFEIG o AEE BhEA 1 E pF gk
B ME, {BeefRiApflg—EEA RO,

uuuuuuuuuuuuuuu

P i seeer |ACFALRBAKE

L KRB HA
ABBRAZTAL
10 15 20 25 & rﬂ 4%@ : ARIMA
Partial Autocorrelation %éﬁﬁq Z‘%O
ZARp: 240

(- .t et PACFA- £ ALK E

2.4 AIC—7Rt{E B &N (Akaike Information

Criterion)

BEREN (Akaike Information Criterion, AIC) @ —T™MHhSTITEELFREAEN,
EeETEELHNW AR, AICHIEBELY, MENATFLERAGMESR, Bl
INGERE RN ERGF . AICRYATNAN T :

AIC = —2In(L) + 2k.

Heh, k 2EERGITSHNNE, L 2RISR ARANEUUA, TEARIMARER
F, AICH

AIC = —2log(L) + 2(p + q + k), Heh

e pis the order of the autoregressive part, counting ¢; ;

e g is the order of the moving average part, counting 6; ;

¢ k represents the intercept of the ARIMA model. For AIC, if K = 1 then there is
an intercept in the ARIMA model (c # 0 ) and if k. = 0 then there is no
intercept in the ARIMA model (¢ = 0).



B. Note

1. ARIMA{EREEEl:

o ARIMA {EEURIZEIER L 4R,
o REVMBETERARE LEUATHIEREMNEE S HANRE,
o WFEZMIFLMITEIFS, HMER (ANMENE) AIEESE.

2. Software implementations

Various packages that apply methodology like Box—Jenkins parameter optimization
are available to find the right parameters for the ARIMA model.

e EViews: has extensive ARIMA and SARIMA capabilities.

e Mathematica: includes _ function.

* MATLAB: the EESNSINTeeeae includes [ININNSSEE =nc e

o Python: the [ EIINSEIEEN package includes models for time series analysis —
univariate time series analysis: AR, ARIMA - vector autoregressive models, VAR
and structural VAR - descriptive statistics and process models for time series
analysis.

¢ R: the standard R stats package includes an arima function, which is
documented in _ Besides
the ARIMA(p,d,q) part, the function also includes seasonal factors, an intercept
term, and exogenous variables (xreg, called "external regressors"). The
package - has scripts such as sarima to estimate seasonal or nonseasonal
models and sarima.sim to simulate from these models. The CRAN task view
on _ is the reference with many more links. The _ package
in R can automatically select an ARIMA model for a given time series with
the auto.arima() function [that can often give questionable results]. and
can also simulate seasonal and non-seasonal ARIMA models with
its simulate.Arima() function.
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BT EFEFIERL (D) : ARIMARERL, ZAKFJCheney, https://zhuanlan.zhihu.com
/p/634120397
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