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1.1. IR EIFEE

?ﬁﬂ‘]ﬁ&wa%iﬂ_ SEHEHAITHBUERRK, BEDH. EEGEZEEDABAHE
 AOREZE. BEEKIEARE. BFTHR. XA LUBERREIRIRIR, EEIRSIEE
7][!—2&, 7 B SRR AT

- HA1EZEE (calender adjustment) : AN EHE zAMBE#NEN, MAE
B9 E LN AT LB PR X Fh 20,

- AAFZE (population adjustment) : EAIZ EA QST ohZ MY EGEED BT LUFAEE
HNAE, FlantXRNERRRKRAEE AR E E A OB INmmE i,

. ZHKIEAEE (inflation adjustment) : LA m&T VBT 5 eI N A ER & R kY
E’ﬂ[']o %190 GDP ##E50 HIMNAMA T fﬁ, AiE = UBIELAERNNNREEN, &
NMZUENEEEH (190 2000 &) NN EE=,
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1.1. IR MG IFE

AR BRI ENER GRT), TER 2010 &£89 CPI {EREE (=100) FH{TIEER

Turnover: Australian print media industry

4000 -
=
3000- 3
=
@
2000 -
-
<T
Yy
5000 -
=
Q.
4500 - =
W
a
4000 - -
|
3
3500 - 5
3
3000 -
1990 2000 2010
Year

3/38



1.1. IR EIFEE

« FTH (mathematical transformation)
» T w, = log(y,)

- FEETHR: w, = y)
» Box-Cox T

rlog(yt) ifA =0
Box & Cox (1964): w, = <

(3 =1)/2  otherwise

log(y,) itA =0
Bickel & Doksum (1981): w, =

(sign(y)|y;|* = 1)/A otherwise

Box, G. E. P, & Cox, D. R. (1964). An analysis of transformations. J. Roy. Statist. Soc. B, 26(2), 211-252.
Bickel, P. J., & Doksum, K. A. (1981). An analysis of transformations revisited. JASA, 76(374), 296-311.
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1.1. IR MG IFE

Transformed Australian gas production
r=-05
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1.2. BBl Y8R 53

RIEFRENBYBFS DA EZ ——RIUEFEERE/IMS (components) , BB
DEETFE SN T UL, SUNMR2EZET (seasonal). #%F (trend). FEHA
(cycle) Fo HNMKLERKEEMBAIBMESH N—1 7 (trend-cycle),

SNERBENF IR D R, NXBENIARTA IS ERAVIERE, WA LUBMIUNAEHRE,
RS, NETD, T, NEBEHKT, R, AFEIFRHT, MWeT LG T RAEE
« MERR: 5, =S, + T, + R,
« SRIERE: y, =8, x T, xR,
e AR A 0 A] LUBIS 3 S AT MAIREL, Al
y, =S, xT, xR, — log(y,) = log(S,) + log(T;) + log(R,)
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1.2. BBl Y8R 53

TENERFM fop3 EFREESIEIESE us_employment FIEEX 1990 FELUGHZE LT
ﬂJﬁA?&?&TE, HEREFEE us_retail employment M0,

us_retail employment <- us employment |[>
filter (year (Month) >= 1990, Title == "Retail Trade") |>

select (-Series ID)

BT RE B AR FE,

autoplot (us_retail employment, Employed) +
labs(y = "Persons (thousands)",

title = "Total employment in US retail")

7138



1.2. BBl Y8R 53

Total employment in US retail
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1.2. BBl Y8R 53

THEZEH STLEZ (GESIT4E) X us_retail employment H{THHEHIER, XEH
27 fabletools E1HHY model () BRIZIF] components () BRIEN,

dcmp <- us retail employment |> model(stl = STL (Employed))
components (dcmp)
# A dable: 357 x 7 [1M]

# Key: .model [1]
# : Employed = trend + season year + remainder
.model Month Employed trend season year remainder season_adjust
<chr> <mth> <dbl> <dbl> <dbl> <dbl> <dbl>
1 st1 1990 Jan 13256. 13288. -33.0 0.836 13289.
2 stl 1990 Feb 12966. 13269. -258. -44.6 13224.
3 stl 1990 Mar 12938. 13250. -290. -22.1 13228.
4 stl 1990 Apr 13012. 13231. -220. 1.05 13232.
5 sti1 1990 May 13108. 13211. -114. 11.3 13223.
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1.2. BBl Y8R 53

F3 components () HiHBVZERE— MFIRBVAIELS ) dable, FEEILEIEIEN
tsibble, B autoplot () HITELE,

components (dcmp) |>

as_tsibble() |>
autoplot (Employed, colour='""gray") +

geom line (aes(y=trend), colour = "#D55E00") +
labs (

y = "Persons (thousands)",

title = "Total employment in US retail"

)

HEO1TH geom_line () KD HERFEINERD (BRER N trend) LUITEERIRIRE
#l, HIKET RGB Eits #D55E00,
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1.2. BBl Y8R 53

Total employment in US retail
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1.2. BBl Y8R 53

STL decomposition
Employed = trend + season_year + remainder

B E WNRZER IR RF5A

DRI ROR B R BT R E 15000

14000 - =

XANFE— autoplot () BATEl :
EJ%EE‘Z. 16000 -

15000 - .

components (dcmp) |> Hovo- =
autoplot () 10007

500 - 7

250 - D %

% g

ARENNEEMRYRE, BN
FAERRVEESERE. XiFr] LA
IEH TR R BYESEE A B o

BRI IR S
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2.1. #Z&h)FE19% (moving average)

4 pIBtiElFE Y 2R H 7% (1920s—1950s)
BAEEMITBEEERRD, E{hitA AR
N EohF397% (moving average) o

5 y, B9 m MiisahIEIE X 79

A

1 k
n1j:—k

BR7EEYIE] ¢ {hiTeVEFE BT ZERIS k B8R
RN B N{ERFIIE. Il 1T LUREE
1"'5 m-MA.

AMpRPER 7T RAFNILBIEFEE H %R
& (@’E\T:T: global economy %&TE%E':F')
e 5 MZTIFI,

Year Exports 5-MA
1960 12.99
1961 12.40
1962 13.94 13.46
1963 13.01 13.50
1964 14.94 13.61
1965 13.22 13.40
2012 21.52 20.78
2013 19.99 20.81
2014 21.08 20.37
2015 20.01 20.32
2016 19.25
2017 21.27
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2.1. #Z&h)FE19% (moving average)

TENEFER T N EZ A RERIMAERRTEH

aus_exports <- global economy |>

filter (Country == "Australia") |>

mutate (
"5-MA" = slider::slide dbl (Exports, mean,
.before = 2, .after = 2,

.complete = TRUE)
)
XEEEIRFET slider EHHY slide_dbl () R, F—PTSIERAKITREIEEF!
WNE, EZTMSHREERETEAN (XEH mean BXEEM), E=HEOIMSEK
pAlEESTHNEIRAESEIEE (XESW2H, Attm=2x2+1=5), £
NS .complete FEEEERETRENEIEHITITR (BAIAN FaLse, HELELFAFE

}5E /N TRUE) o
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2.1. #Z&h)FE19% (moving average)

aus_exports |>

autoplot (Exports) +

geom line(aes(y = 5-MA"), colour = "#D55E00") +
labs(y = "% of GDP", title = "Total Australian exports")

Total Australian exports

12-

1960 1980 2000
Year [1Y]
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2.1. #Z&h)FE19% (moving average)

Total Australian exports
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2.1. #Z&h)FE19% (moving average)

RIE T AZ T 2R, BEIal/EEXAVEREERE], iy m A& MR m AE
&, Wizsh Ty AR, B30 4-MA ] LAE BY

1 2
1 Z Vie+j Z Vi+j
j=-1 4=
AT EIER TR ST ARFREY, ATt EB BT, F10 4-MA

B 2-MA  (HBi2{E 2x4-MA) H
1 1

PACHENEEED
r——l ]——1 =0

Hit=® ARASERE 3x3-MA, 2x12-MA F, BH SEHRMAESHE TN ST
B B R LURISMARITZ Rh 15,

1 1 1 1 1 1
; Vevjvr| = gJ/t—z + ZYt—l + ZJ’t + ZYL‘+1 + gyt+2

> | =
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2.1. #Z&h)FE19% (moving average)

Y ESETERENGE, BB A ETHEE AN EZ 22 ETIERRIE
Mo BNt EELSE, WRA 5-MA, Wy, , My, AR—=FT, FAEXTETH
ISR MBS FA T AT LAKAE 2x4-MA, Rl

. 1 1 1 1 1
I, = g2 + 2V + 1) + e + gle+2

PURIES =T B9 E [,
XA ESEFREREETE, NelLUER 2x12-MA, X3 HESTEFRERE (7
REHA) ZF=TE, EEREB 7-MA LB DAEE,
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2.1. #Z&h)FE19% (moving average)

PIEEZE Wil A3z /9

us_retail employment ma <- us retail employment |>
mutate (
"12-MA" = slider::slide dbl (Employed, mean,
.before = 5, .after = 6,
.complete = TRUE),
"2x12-MA" = slider::slide dbl( 12-MA", mean,
.before =1, .after = 0,
.complete = TRUE)
)

us_retail employment ma |>

autoplot (Employed, colour = '"gray") +
geom line(aes(y = 2x12-MA’"), colour = "#D55E00") +
labs(y = "Persons (thousands)", title = "Total employment in US

retail')
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2.1. #Z&h)FE19% (moving average)

Persons (thousands)
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2.1. #Z&h)FE19% (moving average)

AR 534

RENE@E, m =2k + 1, WA m-MAENXH

R k

k
Tt — Z aj)’t+j’ S.t. Z Clj — ].and cl]- — Cl_j
j:—k j:—k

FLICAI L, EBRANRBE) T B NINGS o T B — A R A 2o
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2.2. (E5i9iRi% (classic decomposition)

RHRDERIRE 1920 £, FJRATINAREMFERE, FROFERISFETIAF

Rt R I (LT 1k

i fE:

Step 1. tNBEETEELR m FB%K, B 2xm-MA (GHEREEBF T,; 0R m IE
#, MIE m-MA (&t 7,0

Step 2. HEEBBREIEIEy, — T,

Step 3. HIE—IEY, MEBRENHEDEIZENFRAMNERITY, RE
BEHMNERIZRSMANSHARHTEE, REERREHNERBELGH
FIHZEES, BAERETTMEITE S,

Step 4. FISTWIMEIHERR, =y, - T, — S,
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2.2. (E5i9iRi% (classic decomposition)

TENEFRFEEZE R ASBHERE RO #EEAHTT T IEDBEAHSRE,

us_retail employment |>
model (
classical decomposition(Employed, type = "additive")
) 1>
components () |>

autoplot() +
labs(title = "Classical additive decomposition of total US retail

employment")

5I%, model () EF'E’\]T:T?%%T%}EHT classical decomposition, ﬁ%%& type =
"additive" I8E 1 NIVAIREL,
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2.2. (E5i9iRi% (classic decomposition)

Classical additive decomposition of total US retail employment
Employed = trend + seasonal + random
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2.2. (E5i9iRi% (classic decomposition)

TESBSBANGESREM, REFIEERMHTOEER, B Step 2. FHIEH
SRR y, /T, Step 4. FRIRTAEHEN R, = y,/(1,3,)s

B R ER IR

- BRI EMN&REEN/LMIITHERIRKN, XERNZoITINELTETEX
£E, RNXBSET RRIGIHERIRK,

- BERFEEATBEIT A S EE EmE,

o ZETIAMENEZ M RIEERHFATIEER. HI907E Box-Cox THi—T1 &
TR AF R IAS = EE,

- ENERENBIREMY (robustness) iRE,

Ak, BARRDERERAG ZNA, BHAEFEARKA. XMEMEFFFH
Cobb-Douglas ™= RELEMA, XNIEAEMIREIBIXT LT SR,
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2.3. FESITER MERNAZ

BFEFOEN AR R MZENE ARSI ETE. BT EMBHEEFRELERE. =EM
FE, gutrahl B2 A ENEESERIT L INFERABET I EIT 7%,

EL2NGITAEEFEERAOZEER (the US Census Bureau) FABY X-11 F542RR
Zx X-12-ARIMA, LUIXPEIEEFERTT (Bank of Spain) FF&HJ TRAMO/SEATS, IMTE#
T2 AN EBE ST A EH X-13ARIMA-SEATS, K 1EERE seasonal TH
B4 BEfER X-13ARIMA-SEATS,

ETFAAERAANAELTELEAMIBRESRENETEEE (BlnET. E—.
FREAT RN M) , ERFAITBESEARFSEFAT BRAITBERET ARG
NBS-SA, M 2010 FieHwnER. (¢ BxXRGHE: t4a=2=ETHIEE? )

mPEARIETHETF 2005 £H AT PBC hx X-12-ARIMA =T RZIFRHTF ARIET
R5NER,
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2.3. FESITER MERNAZ

X11 eHREEAOEERFA, ZEHMEKRSAITE (Statistics Canada) #H—F 5%
=2, eNETERIBENRR, UG T2XEEEFRRm, Uk FETN
ZENTH, ANELZRERTEBAREMIRZ M. B, UNEMEHNRZENZEZT
UM, ZAETEBE (TEFNgESH) AR EERE,

TEEA X-11 #1T0BNER, EESLLE seasonal B,

library (seasonal)
x11l dcmp <- us_retail employment |>
model (x11 = X 13ARIMA SEATS (Employed ~ x11())) |[>
components ()
autoplot(xll dcmp) +
labs(title =
"Decomposition of total US retail employment using X-11.")
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2.3. FESITER MERNAZ

Decomposition of total US retail employment using X-11.
Employed = trend * seasonal * irregular
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2.3. FESITER MERNAZ

SEATS £ Seasonal Extraction in ARIMA Time Series 485 (EES%>S ARIMA &
), BAMFETH A, tHZEHBEETE seasonal EH,

seasonal TEBMNE FMuLE http://www.seasonal.website/seasonal.html

seats dcmp <- us retail employment |>
model (seats = X 13ARIMA SEATS (Employed ~ seats())) |>
components ()
autoplot (seats_dcmp) +
labs(title =
"Decomposition of total US retail employment using SEATS")
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2.3. FESITER MERNAZ

Decomposition of total US retail employment using SEATS
Employed = f(trend, seasonal, irregular)
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2.4. STL 9fR%

STL & Seasonal and Trend decomposition using Loess FV48E , EH Loess &—4

FiBHE, AIERMETHRNERENIEAIE R R,

MM FEHRDEREEUKR X-11 F1 SEATS, STLEBLUUTFME:
« STL AU IEEEFEXNZETE, HANETAEMNZELE,

- AFETIMENEIZY, BT RERHRASTEE,

- BEERRIIFEEIZE WA LUTH,

- pEA BT IKEILIRREAEWEEFRIMETINMGIT (EEWESERR
INAA) o

STL 9B HE M
7o BohAbIERR 5 B #F B (< E B 2200,
12% HATIN A % (1EI‘JLAU_5H*W¢&13 Box-Cox TAFNAIREGE, FHEHIEH
?h”/i*ﬁ u)o
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TEZFIA STL #1THEINER

us retail employment |>

model (
STL (Employed ~ trend(window = 7) + season(window = '"periodic'"),
robust = TRUE)

) 1>

components () |>

autoplot ()

HM, STL(Employed ~ [EHEIFERNBITMIREISEBVICE. trend (window = 7) IRTE
T FA Loess {123 EHAWBY A FHRVERER (KA MAREFE m, AT,
season (window = "periodic") 'f’ﬁ%é%ﬁi%@ﬁﬂg (%@M‘?éffﬁﬁ@fﬁ) , robust =
TRUE 18€ I ERARER .
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2.4. STL 9fR%

STL decomposition
Employed = trend + season_year + remainder
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2.4. STL 9fR%

STL () FHIM 122K trend (window = ?) #ll trend(season = ?) D HIAFFHEBEEE
HAMANE=ETINNZWIERE, ENEENMIKRESINERMMSZ R EHREE D, 15
BTSRRI, MBREHNT, WHRIZEEM, season (window -
"periodic") MMNISEHRNTLSL K, RLEAREERZE,

MERNMEESE, W sTL () SEIHITHIR, FXBE—FEENZETI, A
season (window = 11), [EIBYEGEIITE trend window B, XFHEHIE, ERIA
trend (window = 21), FITXIZEHIZTI, MIZKIA seasonal window 77 11, 15, 19
F,

Bl EATEERTRESIE. FARHEAUERZABENDHE, WRMERNE
2 (BEFNAERRIMEE T A ZESREESERE), ATUBFHEESH
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3. 1’4

« 2IHFIHE 3 F (Time Series Decomposition) FHANE, HEXEECHEmM
FEMPHMLER,

o C1E=30 N1 )21 -

1. IR EEZERMASEE, Z1HA 2xn-MA (n A2 12 9EE) GHiHE%
FIERI, MELITERERIENE, EEAVAIRT F=ETIEFL,

2. FIREEZEWMIALZE, S tiE STLIEFRIS, AURERIE L.,
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