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- 198 (F5)

15
t=1
- EERKEH TR
1 n—k
P00 =~ > (= Do = 0,0 <k <n
t=1
*75E (k=0)

n

1
PO == (%~ D)2

t=1



e vs. {HiHE

= ACF:
-IB10(E: L&
(HiTE: Bk

159
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0.5

051\ 0.0}
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AR(1)iSFE ARMA(2,2)13%2
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2. 1&8Yli{L:
AE IR S

3. {REIRIE
EIRERxER

4. {EBRRE:
ARIMARSGEE




ERMEdRIIRE

« YW FARMA(p, )IREY, BIARMA(p,0,q), ¢(B)Y, = 0(B)s,, EACF#HE
¢(B)Pk — O, k > q

58

p
o@® =| [ a-6m 78 i AR R 43 31 i RS
=1

- WACFEBLUTER, (REXKEER)
pr = A1GF + A,GY + -+ A,GE, k>qg—p

- WTFFERRIFY, d(BRIRERMES), FNTEXG,, ..., GERMER

- EltE, XWTFERRIFRS, FrEHREIAIEIREMEILS, ACFITRARIKMSSIEEE=ER
("die out”) ; EI, WRACHEITHELZRERR, NiRiANIZH—THED



ERMEdRIIRE

- &5 (Overdifferencing) : BHTFIIEZES %I)\ZTM\%E’J*E;ETE BEIMRES R E

\ . d=0
- SIFREHIEERFBY, o] ]
o_ E—) o_
L < f <t
S B = I L
5 5 1IO 1|5 2|O
- HIT—IRED, 1853 Lag -ag

w; = (1 — B)Y; = ¢
ABREERRFS, HEARIMA(0,1,0)HRE
- BTERED, B
(1-B)w:=(1-B)g

RERTFTwHRIMA(D)IRERL, 200 =1 (AA%) , LAY, = ARIMA(0,2,1)



ERMEdRIIRE

- X TBEHLIEE RS Y,

ARIMA(0,1,0)

ARIMA(0,2,1)

_ d=0
w—
o
I o
5 R T R I O I G O O O A
o r_________
| | |
5 10 15 20
Lag
d=1
<
3
LI_ Tl o o o o o o o o e e e e e e e e e e e e e e e e e e
I AL s T
T
OI'_
| | |
5 10 15 20
Lag
d=2
<
3
LI_ B
6 sttt
1_
S
| ] | |
5 10 15 20
Lag

Partial ACF
00 04 038

Partial ACF

-04 0.0

Partial ACF

-04 0.0

0.4

0.4

_ d=0
: .
— T T T T
5 10 15 20
Lag
d=1
g TomTmemeeeeooes
1 L T T ]
I | I
5 10 15 20
Lag
d=2
_______________________________ -
‘-‘_4-|__'_'__I_l___'_'___'_-'________|_-
I I | I
5 10 15 20




ARMAFRBIER

- MFACF, PACHHITHE, HEEDZEHFSIw, ~ ARMA(p, Q) HIZEX

Autoregressive Process

Moving Average Processes

Mixed Processes

Model in terms of previous Z’s
Model in terms of previous a’s
m weights

w weights

Stationarity condition

Invertibility condition

Autocorrelation function

Partial autocorrelation function

H(B)Z, = a,

Z, = ¢! (B)aq,
Finite series

Infinite series

Roots of p(B) = 0 lie
outside the unit circle
Always invertible

Infinite (damped
exponentials and/or
damped sine waves)
Tails off

Finite

Cuts off after lag p

-1 (B)Z, = q,

Z, = 6(B)aq,
Infinite series
Finite series
Always stationary

Roots of (B) = 0 lie outside
the unit circle
Finite

Cuts off after lag ¢

[nfinite (dominated by
damped exponentials and/or
damped sine waves)

Tails off

6~ (B)p(B)Z, = a,

Z, = ¢~ (B)I(B)a,
Infinite series

Infinite series

Roots of ¢p(B) = 0 lie out-
side the unit circle

Roots of #(B) = 0 lie out-
side the unit circle

Infinite (damped exponen-
tials and/or damped sine
waves after first g — p lags)
Tails off

Infinite  (dominated by
damped exponentials
and/or damped sine waves
after first p — g lags)

Tails off




ARMAFRBIER

- MFACF, PACHHITHE, HEEDZEHFSIw, ~ ARMA(p, Q) HIZEX

Order
(1,d,0) 0,d, 1) (2,d,0) 0, d, 2) (1.d, 1)
Behavior of p, Decays Only p, Mixture of Only p, and Decays
exponentially NONZero exponentials P> NONZETO exponentially
or damped from first lag
sine wave
Behavior of ¢, Only ¢,, Exponential Only ¢,, and Dominated by Dominated by
nonzero dominates ¢, nONZEro mixture of exponential decay
decay exponential or from first lag
damped sine wave
g —b, p1(1—py) —6,(1 - 6,) (1 =0, —6))
Preliminary b = n P = 5 = — > L T — i 2
148 1 - p; 1 +6] +86; 1+ 67 —2¢,6,
estimates from
P2 P —0,
& ooy SRR = Rin
Admissible region -1<¢ <1 ~-1<8 <1 -1<¢, <1 -1<6,<1 -1<¢, <1
b+ <1 6, +6, <1 -1<6,<1
¢, - <1 6, -0, <1




ARMARBIER:

- (REN 22Tl FEF N ARELE
- SWFAR(PREL, B
E[pr] =0

~ , k=p+1,p+2,..
Var[gbkk] = }

1
N
- WTFMAQERE, B
E[p(k)] =0
Var[p(k)] = %[1 +2(p%(1) + -+ ﬁZ(q))]}' k=q+1,q+2,..

= p(k), (k > QFAPri (k > p)IHIIIRNTFEE D



tREEIEEE

- EERTEACFEPACFIYGITHEER EIEA

» ACF: {RiZ3HlagiTKRTAMA(q)IIFE, 1RYEBartlettEI®, B
alpk] = \/_— [1+2(pf +p5+ -+ Pé)]z'
- PACF: [RIBRMAR (02, Np + 1 PACHEIHERTREE

5[<13kk] =~ k>p

5~

k>q



=88R FAIA

= SERIES A Chemical process concentration

readings: every 2 hours

Series A: d =0

Lo
g:)o -J_r-l-|--|-|--|-|-l--I-I--|-|-+-I-r-|-|--|-.-1--.-r-
e e e
. | | | |
5 10 15 20
ARMA(1,0,1) Lag
Series A:d =0
S
S o4l
8 g g Sy, e RS g Jp
£ 10 |
& < | | | |
5 10 15 20
Lag

18

17

16

ACF
-0.5 0.5

Partial ACF

-0.5 0.5

Series A “Uncontrolled’’ concentration, two hourly readings:

chemical process

_ IMA(0,1,1)
Series A:d =1
:}::::::::'::::::::::':I:::f:-:f:-::f
- T | I |
5 10 15 20
Lag
Series A:d =1
:FC]:C]:E::Z::f::]:i:‘:l:-:l:f]:f:
- I I I I
5 10 15 20

Lag



=83 5. F5IB

= SERIES B IBM common stock closing prices:
daily, May 17, 1961--November 2, 1962

random walk model (1 — B)Y; = ¢

SeriesB:d =0

o ST

550
525 -
500
475
450 L
Series B Daily IBM stock prices
Series B: d =1
L LO.:
O _____ e B el et B Rl i Bl el el B el e el el
< LO — e S A P ———— T e ————————— T N —
< I I I I I
5 10 15 20 25
Lag
Series B:d =1
N -
o wu _|
< o
o e e R e e e e e e e
£ 0
© Q= I T I T
|
o 5 10 15 20



=83 5. FIC

287
= SERIES C Chemical process temperature %l
readings: every minute 24
2l
(1_08B)(1_B)Yt - gt 20
2 — 18-
(1 o B ) Yt _ gt Series C “Uncontrolled’’ temperature, readings every minute :
chemical process
SeriesC:d =0 SeriesC:d =1
S
e N A I I R O O O T S (@I I O T O T
L F--- |_H_|_|_'1|_|_I_'ZI_I_’£Z'_'ZI ______ {1 < 0 -lII_H_I_IZ'.'-'-EZ'-'-I_‘_'_;_'_'__'____'_'__. ARMA(L 1, 0)
Q- | T | | < | | | T
5 10 15 20 5 10 15 20
Lag Lag
Series C: d=0 SeriesC:d =1
LL L =
g l Q2 4 l
o
© ° """ T T T T IMA(O;Z;O)
£ 1 £ 9
g < | | | - 8§97 | | | |
5 10 15 20 5 10 15 20



t=8%iH51: 5D

. . . 101
= SERIES D Chemical process viscosity .
readings: every hour 8
_ — 7 Series D “Uncontrolled’’ viscosity, readings every hour :
(1 d)B )Yt = &t chemical process
(1 _ B)Yt = gt | 1 1 | 1 1 i 1 1 1 ]
20 40 60 80 100

SeriesD:d=0

w 0 l
go ! -I_-I-I-J_-l-l-4-|-|-+-|-|-.--.-.-.-+-|-|-4--|-|-|-‘
P R e e e e T e
<~ I I | I
5 10 15 20
Lag
SeriesD:d=0
.
= 21|
o ]
=)
L 37 I I I |
5 10 15 20
Lag

Series D: d =1

L @:
O O | oo
<LO _____ T T —- - - _-——= T - - ————-——-——-—-1

- | | | |

5 10 15 20
Lag
SeriesD: d =1

LA
SR
< o
© —_————r———r—r—r T
£ w0
© O I T T T

|
- 5 10 15 20



=855 FFIIE

= SERIES E Wolfer sunspot numbers: yearly Series E: Sunspot numbers 1770-1869
5_
o _
Te]
- T | | | |
1780 1800 1820 1840 1860
d=0 Year d=0
AR(2) process o _ S -
h LI_ h
- O -
s o \'Jr """" T o e o el < o I' """ | i alritaieeiaialleeals
QS F-—-~ B e —— o 8 S -_]l _________________ i g
< _ § o]
i J T T T i J 1 1 1
5 10 15 20 5 10 15 20
Lag Lag
d=1 d=1
o _ O
h LL h
= O =
u o b obtdoeoro ottt d S g i
Qo oAbt S O Rt
Q T 9
T T T T T T | | | |
5 10 15 20 5 10 15 20
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= SERIES F Yields from a batch chemical

process: consecutive

Series F: Yield from a Batch Chemical Process

30 50 70
L1111 |

1.0
|
1.0

AR(1) process

ACF

-1.0 0.0
]
Partial ACF
-1.0 0.0
]

1.0
|
1.0

ACF
-1.0 0.0

—
L
Partial ACF
-1.0 0.0
l
—
1
I-
]
]
|—
]
]
]
]
]
:
1
]
]
]
]
]
]
1
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ARMAREISEET

- BRI SRR B RIIFRsHIERE, &IS/9ARMA(p, q)

(Ve =0+ 1Y q + -+ OpYe_p + & — 0181 — - — 0,84
o, #0, 6, %0

E(s) =0, Var(e,) = 0Z,E(g;65) =0,s # t

&E(YSgt) — O, Vs <t

- ([ FHSE
"p +q + 2DKRAEEN
P1, ) Py UL, O
- BRGITEE
%85t (Moment Estimation)
= RAKAAZRA G 1T
- B/ N3F(ELT



=1 N A

- 125 F
}7t+1|t = =01Vt — D2Vt

- XJHU;EME: Y1;}’2; )yN
- FUNhRZE
eri11t = Ye+1 — Ve+1it = Ves1 — (—P1Y: — P2Ve—1)

e32 = Y3+ 1Yo + Poy1
€3 = Ya + P1Y3 + P2y-
esja = ¥Ys + P1ys + P2y3

eniN-1 = YN T P1YN-1 T P2YN-2

[:—3’2 —}’1 ]¢1 €32 ]
P2 eNIN 1

Y3

YN —YN-1 _J’N 2



/N T3RTEK

- BR/AMEIETONEERIF S e e, BRIRHR

0 =(XTX)"1XTy
—V2 — W
X = |: :
—yv—1 —yn_

Y3

YN

. BY =

HET, FEARMERIAR (p) AL

Yt+¢1Yt—1+”.+¢th—p = &, t=p+1,p+2,

{e.}RBMRE, WEREAY, ..., Yy

Xi = (_Yt—l» ¥ _Yt—p)r Y’ = (Yp+1: ---:YN)

_ Y, = XT0 + ¢,
t=p+1,p+2,.. t t t XT=(Xp+1,...,XN)

’ t=p+1,np+2,..
07" = (pr, .. ) prop e = (41, ) )

Y = X0 + ¢



/DG

- AR(p)t=Ed
Yi+ 1Y+ + PV p = &,

t=p+1p+2,..
(e, YARREE, MEEFAHY,, ..., Yy
LA
S
YT = (Ypiq, o, Yy)
X" =(Xp41, 0 Xn)
gT — (€p+1r ...,EN)
=]

Y = X0 + ¢

- H/N"FFfhit (LS Estimator) &/JME

S(0) = (Y — X0)T (Y — X6)

- Bx{UE

(XTX)0 = XTY

- IREAEMLT (62 =Ve] (

o SO X, e£(0)
O-g = -
N-—p N-—p




§TXIAR(2) BRI Z3R(ET

- WE(EAY, ..., Yy, ETRIAR(2)TREY - (B = (64,0,)7
Yi = —¢1Yio1 — PV + & o
%\ - ;.k%fF

= (Ys5,Y,, ..., Yn) = = \
<XT> ~Y, -Y, / z v? Yt+1Yt\ /—Z YiYeiq
X = ’ ( : : ) = t=2

: . N-2
\ N \~ 2, Titirz
. )I'jU t=1 t=1 t=1
N-1 N-1 N—-1
(5 \ \ -
Y; A =) VY
t=2

N—2 6= (¢,$,) =XTX)"IXTY
2 Wb Q| 2 ) W | ERRIRERRRTY MG

- B, N BEER, 0 E2—EHY (Consistent)

Bvar[6] = 62(XTX) !

XTY =




IRAAUZA LT

= ARMA(p, 91378
Yt + (plYt—l + -+ ¢th—p = & + ngt—l + -+ Hqgt—q

" 10
07 = (p1, ., bp, 01, ..., 6,)
qu = (Ytr Yt—li '"JY1)

- {ASARREL R LG E OF o 2 BRI ANER S 010
L(YN; 9' O'g) — f(YN | 9! O'g)

fiitotlo (EERE DR K



IRAAUZA LT

- FEHZEEY Y Y v RE B ey IX—BEHLE T

- ey TERSZIN AR, ELYy|Yy-15Y y-IB7
f(Yn 18, Ug) =f(Yn | Yy-1,0, O-e;)f(YN—l | 6, Ug)

sliie

N
L(Yy; 0,0%) = < 1_[ f( | Yt—1»9»082)>f(Yp | 0"782)

t=p+1

* (EFRFRAFUPAREL

N
L(Yy; 0, Uez) = 1—[ [V 1Yeq,0, Uez)

t=p+1

S MR ER SRR ISR BRI



{(HiTSREHEPA

- LRTE O o FRE SR PARREL

Y|V BRI 1T,
p q
?tlt—l(e) = E[V; | Y;_1,0] = —2 ¢ Y + z 0;.-:(0)
i=1 i=1

s TUIRE: €.(0) =Y, — Y1 (O)FZESIGE

- RIREHNIE
f(Y1Y1,0,62) = ;e_(yt_?tlt—l(e))z/zo'sz
OV 2T

« E Lt Conditional Likelihood:
_N-p 1 -
L(Vy;6,02) = (022" Z exp| === »  €(6)
&

20
t=p+1



B N

= AIC, Akaike Information Criterion [Akaike, 1974] « ARIMARREYRIAICIZIE
- (LR RSB A ST = corrected AIC, AICc
- SRATS HE M DT e
—2InL + 2 2
AlC, , = - r ~ In(62) + r— + constant B 2r(r + 2)
P.q n n = AIC +
n—(r+1)

‘n, HAEE e 2P DO+ a+2)
62, HRAKIRZEEITHE - n—p-—q-2

T =p+q + LEFEITHISE




TREL N

= BIC, Bayesian Information Criteria [Schwarz, 1978]

= Schwarz’s Bayesian Criterion, (SBC)
"n, HAHE
- 62, KU FRoHUEIHE

-7 =p+ q + 12FHITISE

In(n)

n
In(n) — 2

n

BIC = In(62) +r

= AIC+Tr

- AICERIRIERPE

- EFATER TSN, BHAICGENIESE
HIRBIANSI T ESLARR!, BiBRILEST
REFT RIS HES

= AIC, BICRBERT15&FEp, g FoiRfREd

(EDRNBIIEIR, EEARd
TRIREREPAA AT LL)



ARIMARENRITTE

* Hyndman-Khandakar algorithm [Hyndman andKhandakar, 2008 |

1.The number of differences 0 < d < 2 is determined using repeated KPSS

tests.

2.The values of p and g are then chosen by minimising the AICc after
differencing the data d times.

2.1 Four initial models are fitted:
ARIMA(0,d,0), ARIMA(2,d,2), ARIMA(1,d,0), ARIMA(0,d, 1).
A constant is included unless d = 2. If d < 1, an additional model is
also fitted: ARIMA(O, d, 0) without a constant.

2.2 The best model (with the smallest AICc value) fitted in step (a) is set to

be the “current model”.

2.3 Variations on the current model are considered:
2.3.1 vary p and/or q from the current model by +1;
2.3.2 include/exclude ¢ from the current model.
The best model considered so far (either the current model or one of these

variations) becomes the new current model.

2.4 Repeat Step 2(c) until no lower AICc can be found.

1. Plot the data. Identify
unusual observations.
Understand patterns.

!

Select model
order yourself.

3. If necessary, difference )
the data until it appears
stationary. Use unit-root
tests if you are unsure.

4. Plot the ACF/PACF

of the differenced data

and try to determine
possible candidate models.

|_search for a better model.

5. Try your chosen model(s)
and use the AlCc to

_—

2. If necessary, use a
Box-Cox transformation

| to stabilise the variance.

fri

6. Check the residuals
from your chosen model
by plotting the ACF
of the residuals, and
doing a portmanteau
test of the residuals.

1

Do the residuals look

no

like white noise?

l yes

{ 7. Calculate forecasts.

Use automated
algorithm.

Use ARIMA( ) to automati-
cally find the best ARIMA

model for your time series.

|

-—
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{Rigtuls

f(x)

T

ETHRIRNS T, BRXEIRER
THM RE" SR (REHEZX)
HYMEZRAR /)N

u-3c u-2c u-c u ut+o ut2e  ut3c b
5 ~<— (8.27% —> |
- 95.45% -

_.[ 99.73% -




T A=24FAVF

1IN EE R R
LEAER; SUELEREBRMEH—ZTTN;
2.FM(E,;, BNFTUE R
LA RS T EFTNXIE
1.BE8MEERNEZE (homoscedasticity)
2. 8IEED T — (ERBox-Cox35ik

Google daily closing stock prices in 2015

$US

150
day [1]

Residuals from the naive method

sUs

0 50 100 150 200 250
day [1]

Histogram of residuals

40 -
I=
=
8

20 -

0 — | —

5 =0
Residuals from the naive method

0.1 - AR Sl A S A [SAASARY SRS I ISNSARARA. MSAR —
0.05- ‘

T 000 ||I|| "'lll

—— | |

00



= ARSI

- S (B T—MMRBEEFERIR) o 2 =4 E e
- 3 AXS T BUEH TS - SRR ERHERE N ZE RAIE I,
X TR, HIACFRUERET PRI (unit root test)
HIEESITKIESR (Portmanteau tests for - DF#43& (Dickey and Fuller) , ADFi&3&

autocorrelation )

= Box-Pierce test (1970)
= Kwiatkowski-Phillips-Schmidt-Shin (KPSS)

¢
0=n Z r2 838 (Kwiatkowski et al., 1992) : &RiFRIZ
k=1 NFFRSTE

* Ljung-Box test (1978)

y
Q*=n(n+2) (n — k)12
kz :

=1

QEK, HREREREIES



=

4. {EBRRE:
ARIMARSGEE




)7So]IHRE

* Dynamic regression models

= Xreg: "external regressors”

- EEZMERIFAFIARIMARREEY :

Ve = Po + Bix1t + -+ BrXpr + Nt
(1-¢:B)(1 —B)n, = (1+6,B)e

1. EIARERNRE
- ¢,. ARIMARENLRZE, BIEE
- YR

- nAEBERE, SNZRETEREISITHER

5 (AIC, RIRiGIESE)

- qﬁytl’y\&(xl,t' b xk,t)z:qzi%w JH\U%%%@J_

HHMELT

- Wy T7ESD, ERARMARRIRE

Ve = P1x1¢ + o+ BrXp e + Ne
(1—-¢1B)n: = (1 + 6,B)s,,

"V = Ve — Ye-1,

, —
"Xei = Xt — Xt—1,i

!

"Ne = Nt — Ne—1



ZIERFRAEHITH R

JEBR =

ERRFFIHA
Xt Yt

FERGIRZIE@m N 2 BHXER
Y=X=xh

e = z R X1

k=—o0

BRIEXFIY Z B R B H G
(No feedback) =0

AEEN,
JERR R
SE=VEZTLTPN
Xt

- BB SRR N,

Yy = Z hiXe—i + N

l=—00

FIAMAN. MHREEXRZE ()&
R R, EWMAABEERE, [EE
Yxy (k) = hy o2 1H1% R 5084 B 4L ik e 2



AR

RN, - KILARMARBIHT ERF V1B, B
AR Vi+o gt + 0V = woXep + 01 Xppq + -
SIS +wXi_p_o + N{
X, N
brEAJAIZEIR
- I NBEIHRE (Input-Output Models) BJLAZHL,
- AR N, SR ER AR
(G1BRREZMERY (Transfer Function Models)
Ve = 2 hiXe—i + Ne - Z9 1 ERE  (Difference Equation Models)

i=—0o0

28I Z, EEHITIEN - EHIRERREY (Output Error Models)



{EiE R ENRE

6(8)
o (B)

. w(B) , .

- (RIZN Bl EFHARMAREIZIE]
Nt + (pth—l + -4 (ppNt_p
— gt + 9181:_1 + -4 qut_q

BN
§(B)=1+46,B+ -+ 6B
w(B) = wg + w{B+ -+ + wsB*
oB)=1+¢B+ -+ ¢,B?
6(B) =1+ 6;B + -+ 6,BA
Al

Yo +061Ye 1+ + 6V = woXpop + 01X p—q +

+a)SXt—b—S + Nt,
=
w(B) 6(B)
——¢
6(B) o(B) "
HFRIBox-JenkinstEHY RIE R B

Y, = —=B’X, +



Z R HhiEREARMAX

- 20 - ARMAX ( AutoRegressive-Moving Average
Y, = %B))Bbxt n % with eXogenous input ) =&Y
B B
=(== Y - BHEFRACARMA (Controlled ARMA) 28!
OB) =1+0,B+.+0,B - ARMAXHSEIH— AR
w(B) = wyg + w;B+ -+ wgB?®
e(B)=1+¢B+ -+ ¢,BP « ARXH&EEY: 9(B) =1
_ q
#B)=1+6,B+--+6,B 0(B)Y, = w(B)X,_p + £,
—EEH ( 1 -
= FIR (Finite Impulse Response) : 6(B
5(B) = ¢(B) P P

=¢(B) =1
Yt —_ Cl)(B)Xt_b + gt

ny
¢(B)Y; = w(B)X;—p + 0(B)e,



TiatRE

- FRENTEFES AT eER T REHEHAIA
TIEARTE
« FFfEEY (Intervention Model) AR
AF/NARREZESRRVEENTN, B
NEERENEMTZE (qualitative
variable) . 5| AFFUERZEN

I . ]_ t = tt)
E7)0 t#¢

NFF=E S
_w(B) H(B)
"SI e

: M | RERSIEEE

Ry
|r||| ‘l'd \‘Iﬂl
' ” I| I | | 'l II'1| Il'| |||| 'I/| JHI |I|I I||] A

Inl A
X b || Lr |* }"| [ 'H| lHII ||.,ﬁ"|.hr'.

JAMNES JANBD JAMBS JANTO JANT
date

—

- BoxfTiaofBFMTE (635 /2RI FIHIT)
LU 2R VAT R
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