5

1

2

3

4

5
1

2 (Qualitative
Forecasting) (Quantitative Forecasting)
2
1 (Time Series Analysis)
11 (Moving Average Method)
3 6 1
111 (Simple Moving Average

SMA) 3



5
k t+1
VoK +m+K-k+l
t#l = k
1.2 (Weighted Moving Average
Method : WMA) WMA ' SMA
k t+1
YHL — N+ NEL+ -+ whktktl
1 Xwj=1
113 (Double Moving Average
DMA)
i}
MA} {MA’}
k MA, t—(k —1)12
THkW) MA', t- (k- J) 1,4)

= T(k-1)2)P, = PO+ p, (t-((k-1)/2)
V. o= T(k-1)p, = Po+p, (t- (k- 1)
MA, - MA!

T2 Hel) ~ (k- 1)i2) (3L
p() = (k- 1) (MA-MA')



2MA,- MA'’, PO+P t
T() = 2MA.-MA'
T = t
= Po+p,t t
= T,
A
PI1t) = P, t
= Y 1
t+P t

YeRY) = T+ Pp,(0)

114
of Percentage Change Method : MAPC)
(exponential)
PC, = t
(Y,-Y,vY, X100
(Y,- Y,2X 100
MPC, = k t
Z (P C Mtk
t P
f fMPCt
Ko (0 =k 1t p=1,2,..
0 | 100 )

12 (Smoothing Method)

13

(Moving
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121 , ! (Simple  Exponential

Smoothing : SES)

(exponential)

(smoothing constant : a) 0 1

t Y, 1Ym 1...

Yl = (XY, + 001 - 0OYM+a(i -a)2v2+ ...

1
2 (smoothing form)
(error correction form)
Yl = aYt+ (L-a)Yt
Yl = Yt+ OCHt
i
f a f
122 (Double Exponential
Smoothing : DES) DES DMA A MA, A
MA'’,
A = t
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A Yt A

Atl At
A = (1-a)Atl+ay,
At = (1-a)AtltaA,
T = t = 2A- At
Pi(t) = P, t=(al(i -a))(A,-A")
123 (Linear Exponential
Smoothing : LES) DES
U t
P1Y) = P1 t
t+1
Yeel) =T.(t) + p 19
P, 2
a y 0 1
T = (@-a)Y,(f)+aY,
p,(t) = (L-Y)PLt-1) +y(T,(t) - Ttit- D)
t P
YR =Tt + Pp,(t) P=12, ..
1.2.4 ' ' (Simple  Seasonal

Exponential Smoothing : SSES)
2 0 1



Yep() = THf) + ()

YoRY = T 00
125
Winters Exponential Smoothing : HWS)
3
Y
YHRD) = TeRt) + e
YHRY = Ttip(l) s, 40
1.3 (Decomposition Method)
4
(trend) (cyclical)
(seasonal) (irregular)
( 12525 ; 1 2539)
1 (Secular Trend T)

(upward downward trend)

16

Holt

Winter:
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(quadratic trend)
(- shaped trend)

(Seasonal Variation )

(Cyclical Variation C)
(business cycle)
(growth) (maturity) (decline)

(Irregular Variation )

(random fluctuation)

4
(Additive Model)
T+S+C+|
(Multiplicative Model)
TXSX ex |
(Trend Analysis)

(linear trend)
(exponential trend)

17



uualriy

aninarewindns

ANDNAVRIGYNIA
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18
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ANTaTaya ARtiays

1981 181
WULLAURT WLILATRIADY

Anreatiaya Aasdiaya

1981 981
uuuend s uuuma S

WU 3 pluuyresuutlulssinnsingg

15 (Box-Jenkins Method)
50
(autocorrelation function) (partial
autocorrelation function) ( Sullivan and Claycombe, 1977 ; Montgomery,
Johnson and Gardiner, 1990) 4 (Makridakis, Wheelwright and
Mcgee, 1978 ; , 2539)
(Identification)

(Estimation the Parameters)
(Diagnostic Checking)
(Forecasting)

4



2. (Causal Model)

2.1 (Simple Regression Model)
(independent variable) X 1
(dependentvariable) Y 1

Y = pOtpx+

2.2 (Multiple Regression Model)
(independent variable) X
(dependent variable) Y 1

Y = P+ o2t +pX te

2.3 (Econometric Model)

(Time Series)

(Time Series) 3 ( , 2519 1
, 2522)

1 (Stationary Time Series)
(Mean)



3im

8
2
2. (Nonstationary Time Series)
3. (Seasonal Time Series)
3 6 1
Avesdioya Avasdiaya
' 1987 ' 1981
AYNTHIIAIAIN AYNTHIIA BHA
AtDetiaya
1981
AYNTNIIANYNIA




Time Series Analysis Causal Model

Moving ~ Smoothing
Average  Method

y y
y

y y
y y
y y

(2531)

Decom
position

I~ gl L

Trend  Box Simple Multiple
Analysis  Jenkins  Regression  Regression

y y
y y
y y y
y
y y y
y
y
y y y y
y y y
y y y

22

Econo
metric
Model
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Autoregressive Integrated Moving Average (ARIMA) Model
George Box  Gwilym Jenkins (1976)

ARIMA
Autoregressive (AR) Model Yule (1926)
Walker (1931) Moving Average (MA) Model Slutzky (1937)
Wold (1938) 5
- 4
L (Identification)

Nick T. Thomopoulos(1980)

11 (autocorrelation)
(partial autocorrelation)

111 (autocorrelation)

(autocorrelation coefficient) (Makridakis 1Wheelwright and McGee, 1978)

(correlation coefficient)
(mutual relationship) (time
period)

(time lag variables)
Y,.11Yt2 L
Y1 1 Yt2 2



Yi= @O+AY, 144X 2+ 1

(7) Y,  Linear Combination Y1
12 YM
Yt2 12

v

TyABUNTHIIAN

l

—p nualsng

\

Uszaurnipmnatiines

ATIRRADLAIUUNNITARY

103luiAa

Tdmunzau l MNIZAN

L g
NeINTTY
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2 (time lag variables)

1941981 FautsGuiu Fautsiaandméai 1 Faudsasndmdad 2
t Y, Yo Yes
1 13 \ -

2 8 \ 13 -
3 15 \ 8 \ 13
4 4 \ 15 \ 8
5 4 \ ‘ \ 15
6 12 4 \ 4
7 11 \ 12 \ 4
8 7 \ 11 \ 12
9 14 \ 7 \ 11
10 12 \ 14\ 7

Simple Correlation Coefficient Yt Yt1

Covarince Y, YM
TEH (ctandard deviation  Yt) (standard deviation Y1)

—
oo
~

Yt Stationary
Y, Yl Y= Y1= Yl



rl  autocorrelation coefficient
1 autocorrelation coefficient 12 3.k
rk

- (10)
NET7
t=1
rk
k
Y,  Ytk( , 2539)
k 1k : :
K rk 1 k
-1 2540)
1.1.2 (partial autocorrelation)
Makridakis, Wheelwright and McGee (1978)
(Partial autocorrelation)
(Autocorrelation) Yt Y k

ARIMA
(Partial autocorrelation coefficient)
(Autoregressive coefficient)
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AR(m) (11)- (15 AR(1) 1AR(2).....
AR(m-1) 1 AR(m) M R .9 L Im first m partial
autocorrelation coefficient

Y, = <¢¥w+8t (11)
Yt o= ¢V 1+ 2+81 L (12)
YO~ Pttt M2+ Q33+ L (13)
Y, = ¢ 1+ (24 uye + 1 L (14)
Y, = Q1+ €N 2+.4 S0, 1 dvimiet L (15)

(L (2 (8... (1L (m

(11) Yt
Y1 = Byt +Y, (16)
(16)
E(Y,Y,) = <pEY,.Y,)+E({Y,, )

Yi= (17)
E(Y,Y) =y, 1 E(Y,IY,) = y0 E(Y1) =0
y 0 (17)
Pi = &
P1=(y1y0 first autocorrelation 1= P1
first partial autocorrelation first autocorrelation

(1) Yk (1) yo
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Yule-Walker Equations 42 ()3...6mL  (m

partial autocorrelation m
1.2
3
121 (Autoregressive Model)
P AR(p)
Y, = 00+<>Y1+ Q2Y 12+... + $pY Lte, (18)
Y, <=
90 =
(p = (AR) P
8 = t (random shock)
(18) autoregressive
Y = a+bXl+ x2+ 3xg+ .. +bpXpte X =Y.l =Yt21Xp= Ytp
lag =238...P
(18) backward - shift operator
Y, = 00+ ( +()B2+..+9pBPYL+ 1 ... (19)
(L-4)-b>2-...- gBp Yt= €0+ , L. (20)
AR
rK
k tails  off damped

exponential damped sine wave 2
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() lag P cuts off AR order
SkHxoo k<p
o = 0 k>p

1.2.1.1

(The first-order autoregressive process)  AR(1) process

Yt = eO+NI+8E L (21)
AR(1) process The Markov Process
i t-1
\ f QL
)< 1 cuts off lag 1
exponential
1212 ? (The second-order

autoregressive process)  AR(2) process

Vo 6Nt bA )

IR <1
¢-H<1

K <1
cuts off  lag 2

damped exponentials ~ /  damped sine waves



122 (Moving Average Model)
v MAQ)
Y, :00+8,'0,8,1'02 ,2'...'0q 1, .......... (23)
Y’ =
0q = MA g
, = t (rancom shock)
(12) backward - shift operator
Y, = 00+(1-0BL-0B2-..-008) , o (24)
MA
damped exponential  damped sine waves : tails off
cuts off 1K q lag g
1221 ? (The first-order moving
average process)  MA(:) process
Y, =00+ -08, (29)
prio<
cuts off  lag . damped

exponential



1222 ? (The second-order
moving average process)  MA2) process
Y( = 00+8t-0iet:-0.5Ww e, (26)
| ! 1
0,+02<1
02-0, <1
02 <1
damped exponential  /  damped sine waves cuts off
|ag2
123
(Mixed autoregressive- moving Average Model) D
ARMA (p.q)

Y, = 00+ oY1+ (. Y2+, +pp-0A10,813..-0N 48 ... (27

3 (Autocorrelation Function)
(Partial Autocorrelation Function)
ACF PACF
ARO) pk k>1 in k=1 0
AR(2) pk k> 1 (A k=12 0
MA(1) pk k=1 0 kol () k>1
MA(2) pk k=12 0 k2 9K k>1

ARMA(1,1) ok Lag k=1 (ke Lag k=1

3l

k>1
k>?2



|

acf

» k=Llag
acf

» k=Llag

pacf

pacf

32

» k=Lag

» k=Lag




acf

k= Lag

> K

Lag

33

MA(L)

'A pacf

\ 4

-1.0

1'{ pacf

i I T > -l
v

-1.0
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ATl 1

1.0 1.0 f
A l acf A B
pk | l | pk =Lag ¢Id( l l l ] L pK = Lag
v
1%
S0 N7l 2
! fo acf 1.0 pacf
P l I I | — -k =Lag ¢1 I I I o Pk = Lag
_13 1.0
NIt 3
1 TO e 1.0 pacf
plk . [ | T pk = Lag Oy | | | l | ——k=Lag
-1.0 [ 4
8 ARMA(1,1)
3
ARIMA




ARMApQ)  »
MA ptq+1
, 2539) 4 ARMA
Y t i st
t s |
-0, )
ARMA(p)
MA q MA(Q)
4 ARMA(p,q) (stationary)
ARMA(p,0)
White noise Y, = 00+e¢,
AR(1) e \
AR(2) Y, = 00+ <Y+ P2+
MA(1) Yt = 00+ ,-08,
MA(2) Y, = 00+ 0.8, -02,2
ARMA(1,1) Y, = e0+<bYl+ -08,,
AR(p)
V(YY) cov(Y,Y, K lag k
AR

0q

3

(invertible)

1 <(j)<1
@2+ () <1
®-Pl< 1
1 <qpet
1<0, <1
0240, <1
02-0, <1
-1<02<1
1<) <1
1<0,<1



L AR
Y = 00+ .+

V1 ) <t>1YH-""thp:eH+ ]

backward operator
(L-9B-... - (et = 00+

2 1-( -.-<B=0

B 1 unit circle |BI
VAQ)

8, Y.L

VAQ)
L VA

Y =e,te-¢, ,-.-6,EM

Y = 0o+(L-0B-...-0cRj8t

2 1-06 -..-

B 1 unit circle IBI 1 B

t
( 59
& Z=Vvdy i}

W

0

ARVADY)

0g
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{2) Z,~ ARMA(p,q) ) Y, ~
ARIMA(p,d,0) ARIMA(p,1,9) {v}

ARIMA(0,L0) L = Qo+ £t
Y, = 00+Y,i+£<
ARKLY) Z = 00+"z,1+8,
Yo = 00+ (14 M)YH- 92+ £t
ARK2.1) Z - 00+ 1+~r22+8,
Y, = 00+ (L+ <PV +c2 -0 DV2-42hs + £
IMA(L,) Z = Oote,-05M
Y, = 00+ Ytl+ et*0iftl
|MA(1,2) L = yotet- 81026 "
Y, = 00+ W1+ £t-0istl- 02582

ARIMA(LL) 7t - 00rte, + ,-0B(1
Y, = 00+ (14+<>))¥,- (>%+8,-"

5 pkY), pkZ)  PJZ)) ARIMA(p,d,0)
« 1 « «
i\ PA(Y) PKZ) PJZ)
Random Walk pk 0 pA 0
ARK1.1) "0 Pk 0 k=2,.
ARK2.1) 0 PO k=3,.
IMA(L,1) ok 0 k=2,.. p K 0
IMA(L,2) pk 0 k=3,.. ph 0

ARIMA(L,1,1) 0 0
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SARIMA(P,D,Q)1 (seasonal integrated autoregressive and moving average P.D,Q)

P SAR (seasonal autoregressive) Q SMA (seasonal moving
average) D {y8
) z = VI
SARMA(P,Q)1 {v} 6
SARMAPQN  L=12 pk pk  p”
7
6 SARMA(P,Q)1 A
SARMA(P,Q)1 ' {y}
SAR(L)1 (1-()BOYt = ©0+
Y, = 00+ HYR+8,
SAR)! < - IBL- 4ABAYt = ©0+8,
Y, = 00t (JIY,1+ q4aAY, 2+ 8t
SMA(L)1 Y, = ©0+(1 - ()LBLSt
, =00t 0L A
SMA@)r Y. = ©0+(1-0LBL-02BA),

Y - ©00+8,-01,-02 ,2
SARMA(L L)1 (L-(BLY, = ©0+(1 - OiBI),
O0+<vtL+ -0 1

7 pkZ)  pKZi SARMA(P,Q)2
pKZ) P"Z,)
SARI>2  p2pA.. 0 pk=0 k=24, 36,...
SARRZ P2 pA.. 0 Pu=0 k=36, 48,...
SMA()Z  pk=0 k=24, 36,.. P, 212 Passs 1o 0
SMAQR)Z  pk=0 k=36, 48,... p D10 p 224 0



SARIMAPL Q)1
SARMA(P,Q . A

1, Z(“‘ SAR(].)].Z Y~ SAR(111)12 Zt=V 't
Z, —00+(i)12Zle+st
Yo 00t (40 )Yen MU +

2. Zj“‘ SMA(1)12 Y~ SlMA(1,1)12 =V
/t = 00+(1'<>,2812)8(
Y — 00t Y t£1'02M2

U}

3. A~ SARMA(111)12 Y,"‘ SARIMA(Ll 11)12 Z=VuY

2 - 0Cgzws 0, @
YO — 00 ¢ + (M- QYer + 1021

ARIMA(p .G XSARIMAP DQIL

i} d
Zt = VdviIDx (|_ =
ARI(l 1 )XSAR|(1 1)1 Zt~ AR(l )XSAR(l )12
Z —00+< 1+ (0- (D B+ 1
2, (Estimation the Parameters)
2

2.1

25%)



211 MRY) 9 Pz 9

00 (1
2.1.2 /A}\R(Z) (1 (2 P, =
fe- p=ftpit@ 90 x=00( - & €2
p,p2 X 1, Y 00, (1 2
213 MAD O, P, =91 +0,2

Square of Error
AR(].) Y, - 00+({2¥.1+ 1
Sum Square of Emor = X(Y, - 00 - &Y.y

8 ARIMA(p,d,q)
(p.d.g)
() 0, P, =-0/(1 +0/) -1<0<1
0.2 0 02 P=[01-02)[1+02+0,] -1<0X1
p2=-0/[1+0,2+02 ©2-0<1
02-0,<1
(L 0 41 $= Pi 14PKL
@0 @ A H=[1-PI[L-P ] IO
$2=rp2-pidn i-w f+
Pkl

L) ¢ 0 P=[l-0)-0)]/[L+0,2-20,01 -kl
02= Pici 1<0<1
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(Diagnostic Checking)

3 (
, 2539)
31 {e}
1
{et
HOo:pKe) =0  HL:pke)™ 0
k=12,.. HO: pkY) =0  HI:
pkiY)~ 0 k=1 2,. 0 05 kel >
207 {et}
3.2 0 , 9,9
0 9
HO 9=0 H:9¢t0 Z:SIO HO
Izl > zu2 a AR(2) P (2
g2 0 AR(2) AR(1)
HO:()2=0 Y, = 90+ &Ivtl+ St Y,~ AR(1)
HL ()22 0 Y, = 90+ ( )11+ ()rt2+ 1 Yt~AR(2)
3.3 pPKet)=0 k=1
1.,
HO:p,(ef)=..=pme)=0 H :pke) 1 0 k=1,..,
Box Pierce Box Ljung

331 HO:pX6)=..=pnet)=0
H, : pKel) 1 0 k=1..



3.3.2

Box - Pierce Q= %(drk(et)

Box - Ljung Om= { +2)E{rIet) - k)

- {et
= et
a =
3.3.3 Q  Qm> x2ama
3.34 0
0 k=1 :
k
4, (Forecasting)
2
forecasting) (interval forecasting)
, 2539)
41 (point forecasting)
ptq < 2 Yi() 9
(v 00

p+q < 2 Yi() t+1

00

p ey

(point

ARMA(p,q)

ARMA



Yilh = rys <0
| Yi() > 1
e(1) t+1 t
efl) = retd <0
10 > 1
4.2 (interval forecasting) t+1
t+ 1 Yi() YA(i)
YA t+ 1 et
t+1
YA Yi()
t+ 1 et()
0 Co() et()
tza/2a 6() (1'3)100

RO < etl) < "aceto))  1-C

et) Y- YY)
P(Yt(l) -z arzc em < Y#L< Yi() + zajec em ) = 1-Q

YiL Vi) £ 7 40)
(L -a)100 a d() 60



White noise
AR(1)

ARQ)

MA(L)

MAQ)

ARMA(L,1)

$+$>,-8)

£ +8i(V i) +$2W-1l)
e S120) - ) +$2Y,- )

+$1YY(-1)-ja) + $2Yt(-2) - 1)

N-M&
A

$-8$k-02,
$-02

A

M
U+$1Y,-1¥-0,et
$+$1(Y,-ft)

(2539)

> 1
> 1

1=1
=2
>3

1=1
1>2
1=1
=2
>3
1=1
1>2

90

00 + $1v

80+$ (1)
00+$IY,+$2Y,1
00+ $vi(l) + $ 2,
00+ $ 2(1-1) +$ 2,(12)

00-018,

0 A A
00-0iet-0 2B
00-0%

00
004iYt-0iet
00+8$,YtM)

> 1
1=1
1>2

1=1
=2
>3

1=1
1>2
1=1
=2
>3
1=1
1>2

ea,2

a?
(L - f2L - §2)

L+ xy2

Vo=1.Vl=h

V=bVnt+td 2 > 1

R 1=1

1+02 1>2
1=1

at+9,2a2 =2

(1+0,2+02a2 >3

[L+()-02(L-(fO/a -PPK



(ARIMA Intervention Model)

Box Tiao (1975), Campbell
(1963)  Campbell  Stanley (1966)

(special case) Transfer
Function 9
1. Common intervention
(new laws) 1 (economic events) 1
1 (earthquakes) 1 (wars) 1
(natural disasters)
2. Company-specific intervention
(product promotions) 1 (new product
introductions) 1 (major advertising campaign)

(Newbold and Bos, 1994 éMakridakis 1Wheelwright and Hyndman, 1998 ;
, 2539)
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ARIMA Intervention

Intervention Model

Y,

Intervention Function + ARIMA noise Model
fl) + Nt

intervention function f(It

N, = ARIMA(p,d1)XSARIMA(P,D,Q)L
It = rl
A
It 0 1

Step - based
Pulse - Based interventions 9

interventions

i

(a) Step

(b) Delayed response

N

(d) Decayed

(c) Pulse
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Step - based interventions

step functions ?
X = r0 1t<
Uu 1t>
0 (preintervention)
1 (postintervention)
step intervention X, t
9a
Transfer Function
a@aon
WP 1sE X |
Xt step variable 9
Pulse - based interventions
pulse function step function pulse variable
Xt = 0 ) t/\ U
11t=
Xt = o0

Xt = 1
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9¢c

ey Xt

2
1 Zero-Order Intervention Functions

10 common Intervention function 4
“Zero-order intervention functions"

1 10a)  simple intervention model
“outlier”
outlier eyeballed (normal value)
(Intervention Model) outlier
vt = 00+ 01
L =1 t=9 0
00 - (Normal central value)
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ol o ;
(D)HNITIANTULATARARIDEINS

£ i o

- " x ' -
(C)HNMTINNTUBEINTIALTT

- o X ,
(A)HNITANTUUALRARINEINY

10 Zero-order intervention function
2 ( 10b)  complex intervention model
Yt = e0o+(00- 1)1
= 00+ qut- 1

It = 1 t=9 0
00 - (, (Normal central value)

0= (Initial intervention effect)
1= (Delayed intervention effect)
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3 10c)  simple intervention model

R

| t>8 0
4 ( 10d) different intervention model
Fre!
Y = Qo+(1-Bs,
| = 1 t>4 0
2 First-Order Intervention Functions
1 intervention model 4
0,1-0B 0,8
1 0,
first - order function first order B (power of B)
L 11a)
first-order transfer function
k=0 +(1-8,8) I @
2 @ (188
(0Bt = (10600 + €, )
backshift 00 B (29

Y5Y,, = (1000 (QQ,

Y, = 0V, + (1-QXD a0,



11a

Y, Taylor Series
asymptotic impact value

asymptotic value = Li y

t"00 - 01)

00

51

. . - X
(a)ﬂﬂﬂ’] KROKIUART (b)ﬂﬁﬂ'] RORIURTINHTUURT

Punanssnuniag Vfunanssnudans

|/ VAN

' - X . - X v
(c)Ape INNTUUAY (d)ADE] INNIULRIRARY
Punanszviunnag wrldunansnudans
1 First-order intervention functions
2 ( 11b)

first-order transfer function
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g w,(1-8%)
Yi =6, + 1-0.8) I, (30)

2 1-6,8

(1-0B)Yt = (1-01B)00+ (OQL-BYlt
Y.-6,Ytz = (1-0)00+ ClO(1-B9)lt

Y = 0,1+ d-0"00+ OQL-B)t
3 11¢)

first - order transfer function

@y
Y, =6, +(1-515)1' (31)

(28) (31) 00
o (31)

4 1)

first - order transfer function

Transfer Function

u wy,(1-8%)
Ye =0, +W ¢ (32)

(30) (32) (00
(00 (32)

10 il
Box, Jenkins Reinsel (1994)

_wy-0,B-w0,B*-...-0,B°
=8 8=8B =.~8.8")

X,p + N,



1-0B-0282-...-08g
(L -()B-()B2-... - 4B

S+1 = @
4,
2
41
4.2
.
3
autocorrelation check
0 )
0
6.
2
1 (point forecasting)

2. (interval forecasting)

X b

53
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12
(ARIMA Intervention Analysis)
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(Regression  Analysis) Sir
Francis Galton .. 1899
(Prediction)
(Estimation)
(Dependent Variable)
! ! (Independent Variable)
31
(Independent Variable) (Predictor)
(Dependent Variahle) 1 ' (Outcome)

(Regression Equation)

Y, = a +pXx+ |
Y, =
a = Y-intercept ( Y)
@ =



Y-intercept

Y-intercept

IV (Z7K)-(ZM) (1K)
N(ZX2)-CZX)2

56



3.2
k- (XX
Y = Po+PIX1+
k =
Y =
Xk =
130 = Y
Pifp2...pk =
Coefficient)
8§ =
Pi. P2.... Pk
RE = R
R =
@ =

57

-+ PKXk+ 8

(Dependent Variable)
(Independent Variable)  k
X1=X2= .= Xk=0

(Partial Regression

(Error or Residual)

Beta weight



58

11 12ri3 m-rik p, ryi
r2l r22 r23 « *r2k p: ry2
r3l r32 r33 m ' r3k p, = ry3
rkl rk2 rk3 eemrkk Fyk ryK
p Hp 211Pk
Rp = By
P inverse R
P = R

(Standard error of estimate)

SRl
o Ui

JECr-r)l
SEet =
SSIS = Z(y-y)2
k =

df n-k-1
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R2
0
F .
=) (I[T—A-1)
k -
dfl = k
df2 = nk-1
b,
ty= 5
th = tratio
b, = '
b' =
df = nkl
3.3
( , 2539)
L (time variable)

(coded value)



2530 2534 1
t ' 1
10 1,
fl .
2530 Y1 -2 0
2531 Y2 1 1
2532 y3 0 2
2533 y4 1 3
2534 y5 2 4
10 0 2532
0 2539
t o(lt=1t3=0
2)
2.1)
(7/1/%X)
2.2)

(2/15/XX, 5/15/XX, 8/15/XX, 11/15/XX)
2.3)

(1/15/XX  12/15/XX)

13 2 T~ SUR O R

0 2530

12
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it t
1 Y, = (30+ 31+ |
2 quadratic Y, = P»+pu+ (3748,
t -(3,12(32
1 (3 * 132
2 32 2
quadratic
quadratic quadratic
3. exponential Y, = (30+ (3L,
(30 =1+ (32
t (32 t 1 (32X 100
(32 t 1 (32X 100
4, modified exponential Y, = (30+7,(3"8, (32
Y, Y (30+ (32
modified exponential
«t
5. Gompertz Y, = (3P, Mt

(growth curve)
(303,
(30



6.
2.
/
12
4
xlt
L.

logistic !

1/(p0+ p” 1/p0

(dummy variable)

=i\

Yt= 10d(po+ P IP2st)

1t +

1 12
1 4
X =1 L1
= {1 Y(
J Y,
L
Y, = @C+pxi+ .. +PLA L+ §
Y( = @C+pxLt .. +pLX U+ PIXU+ §
a = Y- intercept
P, =
1=1.L1 P,
L P,
L
Y, = a+ pt+px
oc = Y- intercept
P =

Yt

62

Gompertz
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2. quadratic

Yt a +pt+ye+ piXle.. +PLXL.1+

3 1
quadratic a + Pt+yt2 2 L
P, | 3 '
Y 3
3. exponential
Yt =aptpi”...plk ‘et
Yt-aplpru. . TPil‘£t
3
1 exponential aP’ 2 P,
L Pels L
1 P, 1 | L 3
Y
3
Y, (Y} Yt
InY, = Ina + (InP)t+ (Inp,)X1+ ... + (InpL)XL, ,+ 81
y, = a'tpt+P/IXt+ .. +pLX,,+t 1

y; =InY,a’'=Ina,P'=Inp,p, =InP11.. PL'=InpL
a'lP' P:



3L

exponential
)
F
2)
3)

al 1

#=a'+h't+bA X1+, +bLIX LI

Yt =ab*h?»... *?'

1..1bM a=eal =ebll=¢eb .. 1
L-1 L-1
1 L-1
/
/
( 12541)
t= 1/ bl

111> Acumnss

F1= [SSR(S1 2 3 /3] /[SSE(t$1 2 3/( - )]
F1> Rt{3 5

F
F2=[SSR(§182 3/ | /[$SE($L5283)/( -4)]
F2> Fa(304)
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11=¢eb



Y( — 0+ bjXZ+ B2X2(+ b3

b, = 1=12,3

bax4l b4 0 b
| 4 b, | b

|
1o | b:§:?/4

Y, = (b0+b) + (b1 b)XE+ ( 2- B)X2+ ( 3- H)X3tbX 4

Y, = bo+tb.xl+ AU+ 8+ K4

b0=D0b0+b,bj=bl- b =123 bd=-b b'o
b | =123 4 bj
| 0 Ibj " |
0 b’ 0
b |
3. lag
(autoregressive model)
lag 1 AR(1) lag 1 lag 2

AR(2)



AR(1) Y, = Po+P Y, +§
AR(2) Y = PotP,Yh+PA2+S,
4,

sin(271t/L),
sin(47XtIL), cos(271t/L), cos(4TCH/L) L

4.1
Yt = Po+ Pit+ pXin27tt/lL) + (3%0s(2TCHL) + |
Y, = p0+ P L+ PXin(27ItL) + p Xos(27It/L) + p4sin(47It/L) + p Scos(47H/L) + 1

4.2
Y, = Po+p,t+PXin27ItL) + PXos(27ItL) + p 4 sin(27ItL) + p T cos(2Tt/L) + 8t

Y, = Po+p4+P2in@2TCtL) + p3os(27It/iL) + p 4in(4TCHL) + p Scos(47ItL)
+ p@sin@2TCHL) + p 1 cos(2TCHL) + pgt Sin(47TtIL) + pgt cos(47H/L) +

4

2. (Pindyck and Rubinfeld 11985
12540) 2



RMSE, GMRAE, MdAPE, MdRAE Percent Better

MAPE
(Lewis, 1982 , 2543)
10%
10-20%
20 - 50%
50%
3
MAPE, GMRAE, MdRAE MdRAE Percent Better
6
m =,
A
Y, t
Y, t

1
(Root Mean Squared Error : RMSE)

RMSEm 5
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RMSE,

(random walk)



(Median Absolute Percentage Error : MdAPE)

apgr= L 00

K
APEM
MAPEM = (S+1)12
MAAPEM = ( 12)+1
3

(Mean Absolute Percentage Eror : MAPE)

K=K 100
K

APEm =

% APE”
MAPEm =

4
(Geometric Mean of the Relative Absolute Error : GMRAE)

GMRAEm = f[RAEN

5
(Median Relative Absolute Error : MARAE)



MdRAEM
MdRAEM

il

RMSE
Percent Better
MAPE
MdAPE
GMRAE
MdRAE

+J. Scott Armstrong

yt B yt
RAE , =
Fow =Y
RAE, 1
(S+1)2
(12)+1

(Percent Better)

Percent Betterm= &1— X100

is= 1 IM-Y|<|m- Y1
s =0

M T T T G T
G O O O Mmoo
O T & Uu @ T

Fred Collopy (1992)
P = Poor ()
F = Far ( )
G = Good ()

U O U @O u @
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10

il
RMSE
MdRAE
4
2
6 RMSE, Percent Better, MAPE, MdAPE,
GMRAE MdRAE
5
(2522)
5
100%
100% 100%
5%
5 ,
(R2 100%
100% 5%
(2522)

.. 2506 .. 2520



106

.. 2520

.. 2526

(2528)

(2529)

(2529)
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(2530)

{
5
50 160 170 180 190 1100 1110 120
(2531)
2 1
3 10
8 2
J=0 2=1
M - estimator Ramsay
M - estimator Ramsay
M - estimator Ramsay
(2532)
1
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H

M - estimator the median absolute deviation

Huber

deviation of location, the median absolute deviation

Huber

(2533)

Maximum Likilihood

(MSE)
(2534)

5

0.00 - 0.30, 0.30 - 0.70 0.70 - 1.00
0.30 - 1.00
R? 3

= 0.05 R2

R2
a =0.05

M - estimator
the modified biweight A - estimator

the standard

432

(Forward Selection)



(Stepwise Regression)

(2539)

(2539)
1

(Smith- Method)
(Maximum  Likelihood Estimation Method)
Method)

10120 130 150 100

(RMSE)

01

RMSE
0.3 I

(2540)
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(Modified Acturial

01102103104 05

01 10.2 0.3
RMSE
10 5
0.2
RMSE
04 05
RMSE
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6 RMSE 1MAPE 1GMRAE IMdJAPE IMdRAE  Percent Better
2

(2543)

5
6 RMSE 1MAPE 1GMRAE 1MdAPE 1MdRAE

Percent Betters
(2540) / 4

90, 48,90 90

Lakshman K. (1989)

(Intervention
analysis using control series and exogenous variables in a transfer function model : A case
study) split
cable - TV

2 (intervention)

(ARIMA " Intervention
Analysis) (Transfer Function Analysis)
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Connie J. Callahan (1998)
(Crisis intervention model for teachers)

160,000

JudyA. Temple (1998)
(Can Early Intervention Prevent High
School Dropout? Evidence from the Chicago Child-Parent Centers)

3-9
17
(Child - Parent Centers)
7- 8%
Shi-Ruei . Fang (1998)

(The Impact of a Parent
Education Program during Mothers’ and Fathers’ Transition to Parenthood)

(Family Infant and Toddler Learning Program FITL)
76 16.9

Janice M. Swanson (1999)

(Effect of psycho-educational interventions on sexual health
risks and psycho-social adaptation in young adults with genital herpes)
252 Randomizied Controlled Trial (RCT)
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Psycho-Educational Intervention (PEI) !

Cynthia F. (2000)
(An effective (and affordable) intervention model for at-
risk high school readers)

tailor - made

John . (2000)
(Impact of a Culturally Appropriate
STD/AIDS Education Intervention on Black Male Adolescents' Sexual and Condom Use
Behavior)

15- 19 562

Jon p. Nelson (2000)
(Consumer Bankruptcies and the

Bankruptcy Reform Act : A Time Series Intervention Analysis) ARIMA
intervention analysis 1978
1960 1995  36% (post-act period)
(pre-act period)
72,400

Scott R. McConnell (2000)
; (Assessment in Early
Intervention and Early Childhood Special Education : Building on the Past to Project into Our
Future)
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«

(2522)*++

(2522)*

(2528)¢

5%

«

100%
5
(R2)
)
.. 2506 - 2520
3

100%,

8



19

2()

(2529)+++ 106

(2529)#+++ 5 ,

.. 2507 - 2526
n 3 '

1%
(2530)*

! 50, 60, 70, 80, 90, 100
110 120 ’
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1K
(2531)* ]
‘ M - estimator '
Ramsay
M - estimator
" M - estimator
(2532)***
‘ M-estimator the standard of location lthe
median absolute deviation the modified biweight A-estimator
! Huber
the median absolute deviation
Huber
(2533)+* ]
‘ 4 Maximum - Likelihood



(2534)#+

R2

(2539)*

(2539)#++

(2540)*

0.30 -

(RMSE)
RMSE

1.00

81
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(2543)* ' o
Lakshman K. (1989)**
‘ split cable - TV
2
(intervention)
b (ARIMA Intervention Analysis)
(Transfer Function Analysis)
Connie J. Callahan (1998)**
‘ 3
160,000 ,
Judy A. Temple (1998)*
‘ 17 (Child -

Parent Centers)

7-8%
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2()

«

Shi- Ruei . Fang
(1998)%
" (Family Infant and Toddler Learning program : FITL)
76
16.9
Janice M. Swanson Psycho - Educational
(1999)* Intervention (PEI)
‘ (disease burden) 252

(Randomized Controlled Trial (RCT)

Cynthia F. (2000)*

John . (2000)* 562
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2()

« « «
Jon p. Nelson (2000)* .. 1960 - 1995
' ]
1978 ARIMA
Intervention  Analysis .. 1978
! 72,400
Scott R. McConnell (2000)** '
! 3

*%
*kk

*kkk !
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