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Abstract

Seasonal adjustment is useful to provide a better understanding of underlying trends in Korean economic
statistics. The seasonal component also includes calendar effects such as Seol and Chuseok. Most popular
seasonal adjustment methods are X-12-ARIMA of the U.S. Bureau of the Census and TRAMO-SEATS of
the Bank of Spain. Statistics Korea and the Bank of Korea compile seasonally adjusted series of several
Korean economic statistics. This paper illustrates basic principles for seasonal adjustment and the current
status of seasonal adjustment in Korea based on previous research. In addition, several issues on seasonal

adjustment are addressed.
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AASA N ARl 23] =AY AATAANA ALHEE AAG ALZHALE 083t
AR S AAshs Ao] BAdleo] ot SAA =23 5 FANAVIES 27 % 9 F2
SAE AT ul AALT 2o ABZAALES A, TR vk ARZAALL FALHE A
3 FAe 22 ADE St vk 1960 d) ARG, E7FA] A-RE2AZAL S TR ol
QA AFZA et =27 Yot ArEA EHch 1970~1980 o= A7) 2|5 23R
o B FFoz ARzA tigh #alo] AL, 1987d AdzA AYEC] %Eﬂiit} 1996L4 ¢

Z [e=]

wel7k OECDe] 7hJshaAl OECDS] 8 SA A 71d=e] ARz
ol vt AASAN tE AdxzAe] dadel AT 1997dRE ?423717_% OJ OECD&
ARZAHA 2 Felvet AEAE X119y ez AdzAste] wagith. o] X OECD+=
FelvetelAl ARZAALE 242 FAste] i2T A2 AS4oR a7t 34 1996 vl=
AX2T A X-12-ARIMAS HESIGET X-12-ARIMAE ©]8-38to] f2juet Bdugs 7ol
v AR o s ST 5 A HAcH (Lee, 1998). o5 AZIE 199935 =25} 5AH &
X-12-ARIMA|| ¢-2|u2t 545 W A2y e vhdsi OlE 0136}04 ARzAALS KBt
AAA R Agste] T3] ARt 2 olF F3F, FAFA, S ol AAEAR Adx
A G4 gek. AATAL] ARdzR o] Fagel= av‘%}i g2 74] Eﬁ% | = AAEA7} oH
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ALZAHA FAG AZzAHHetE 2 EAo] AR of3hA] Rote] AdE7|o SHER 4
w3 Qlch

vt ALz FEE AT AT o, BEEY 2 d9dr] 4, 53 5
o ARZAYL, ALz Z2a M AZZAALY )& o8 s Ak FL =
< AR o2 2ok ARz R‘M 2ot BEH =Fo 7L Tee (1998), Lee (2002, 2010),
Jeon (2003), Lee and Lee (2014) S©°] It} Lee (1998)+& X—12—ARIMA§ g yet FAAALD

of 2g3h= ok A ABFA L, Lee (2002, 2010)= TRAMO-SEATSS} X-12-ARIMAE v w3l4l 1,
Jeon (2003)= TRAMO-SEATSE £ 713151t} Lee and Lee (2014)= X-13ARIMA-SEATS$} 7] &9
X-12-ARIMA %} v st HESIT WEaHRe] A0 3HY AF2E Lee (1999), Jeon (2002),
Lee (2003), Moon (2005), Lee and Lee (2012) 5°] 9Jow, ddds 24 YW =FO22E Park
(2000), Lee (2000b) 5] St &4 A9 AZzAYdd #HH AFLZE Cho and Nam (2000),
Kim (2000), Kim and Yoon (2000), Jeon (2002), Lee (2005), Park (2009) 5] It} AZdz2A =2
a9 M AHE =F 02+ Lee (2000a, 2004), Kim (2004), Hwang and Lee (2015) 5] Itk
ARBZAALL o] &7} F&H A= Lee (2000c) S A H}

B =Fe I 5 FElvetedA ojRoRd AdxAR IH AFE JFAstHAA A-xAY 71824
45 At ARz FT DANTS Aestuat sk B A7 42 ohed 2k Al 2%
IME AZZAS st & AdzAe] Bodo sl AsR 1, Al 37| = ARz YHT} S
= ﬁléi% AS Fegrt. Al 473l ARER e FAE Aesta AZx2A 3 2 RS

AE o] AFct Al 580 AFATAE Qo FE NS AFEr

r

2

AREAL 9, B2 5 QA% 140 weh 24 AALelH, A7l e ofe] £7]9) WEL 7}
A Ao T YTk AR B AAEAE T WEEIo) g FANE, <BuE, AL

A 1=
= =
A7) ARWMELS 4 1d F712 WES s W, <%

TAMTOR AT 7PE 1 YTt <} )
HEL 259 37|82 S olE Mot FAMETL £AAFHT} 2771 7] HFoln, EFIHFLS
FAAQ o] WEolth. ARAFL WA, 2F5Y, B3, AN, XN, 4F B 5ol s AA
At} (Granger, 1978). AZWELS 1d 37|19 <5 AZUT 2o 2o b A5 2ol 93 A,
F4 5ol w2 HEANEY JddeHE, 847 dHE o] 2364 FoEnt SR HE2 AAEA
oflA A A WF e I3 HE 9o Fold, Fxus), A3} o] £3E ] Qltk
AAARA G2 AT IAEE Fola AA 282 AFFOE = S BEFHoZE AARFYS &
ot ok weEbA AATAL 8% A AAETAY 72E S99 FEE WU FAHE
7 ¢Busolth. 4% FAGS ol Ao) thE ohd FAMEL 718718 ol Ao, A £
& Ao s Ao BWEY A% Eole Aotk AAEAY] 7124 24U 498 o 7}
F AYPEo] FE Ao gyiso] 239 AZAFIth webd 1900d) ZWHRE FAEA A A
AWE S SALTHCE AAS: 2AS BAH0R A7s) &7 A&9a o9t H-E WS AE
AR ole} gty ] AAEA AZZGYHS FEote] 2EEH ¢ AdHES AAS
AEE ARRAPA Lot gt} Figure 2.1 7] A3 GDP3 € A& dALEH AZRAAE
oty ol HAE A7 AT AN TR Yt tBHA AU o] Bl AAIL
19 719 AdwFoz Q) 2 E}EM UA A AFDZ YA L FE3lE o et
AAEAL 552 BT o /1BAA AL FAEA oW ()7 A7) (D)RTE FolREA AR
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Figure 2.1. Original series and seasonally adjusted series (solid line: original series, bold line: seasonally adjusted
series).

95 100 105 110 115
L L L L L

90
L

85
L

T T T T T T T T T T T T T T T T
January April July October Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Quarter Month

(a) GDP (b) Unemployment rate

Figure 2.2. Seasonal factors.

£ vtebshe Zlojnk. AAISA e AR F] £3d A9 AATAE A7¢k vlasty] ojgleug
ARZZALES At o] & o]83te] A7]¢} nlastA "tk & £ GDP YA d< 79 vl
e A AEWEFELRE s A7|UH] FEC]l T4 1, 327]E vhelva g 2, 427 FEa @
< Holug H7|eke] vzt 7o ujsfXict. w}aw AALE AT u] AZES A Ads7
9} H]ﬂ%}ﬂ] At} Figure 2.2% 217 QAEL AZZAZALR Urold 73 GDPo A5 AR
HEE o5S 92 3to] 1d ISz JEHE FHe aejzo|rt. o]E EW £7] GDPE 1&7]&
23, 487 & BEg Holn O‘E} ol & *@&Ol 4—371011 AEH L, 1271+ 5
22 o] 7]1skc}t. GDP 7:1]7“‘34%" ﬂ
zo 1960~1980»ﬂcﬁ°ﬂ Hls] 19909 o] FA3] ZopA AL Q= o= Y] GDPlA A sh=
HFo] A&H oz 7hasty] wlolth AdE-L 1~39ol ¥i1, 9~11Y0l = WA Yehged ol &
A 2+E A_AE SOz Ad) 1~390l AHEEL] 7R FFo] A, 9~11YL2 FHIE 5
AAJA7E S7Vske wlol 71 %)
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Table 3.1. Seasonal adjustment methods

Year Moving average method Model based method

~ 1950 Census Method I (1954) Buys-Ballot (1847)
1960 ~ 1969 X-11 (1967)
1970 ~ 1979 LOWESS (1979) DAINTIES (1979)
1980 ~ 1989 X-11-ARIMA (1980), SABL (1982), BAYSEA (1980), BV4 (1984),

X-11-ARIMA /88 (1988) DECOMP (1985), STAMP (1987)

1990 ~ 1999 STL (1990) X-12-ARIMA Ver 0.1 (1996) TRAMO-SEATS (1996)
2000 ~ 2009 X-12-ARIMA Ver 0.3 (2007)
2010 ~ 2015 X-13ARIMA-SEATS (2012), Demetra+ (2010)

AZHFL A MERTAE AdE 7] S3ES ol &stAY B2yl AE Hv](dummy) HTE
Z3eto] ALUEE AAT = Aok I Figure 2.2004 B0l AZATS dFsHA gk Ak
of wat WA "t o]9f o] Azl met Wske AT S 2 A%k W2 Table 3.13} Zo] 2
Al o5 R FATHez FEHAT (Ladiray?} Quenneville, 2001).

ol B 1d FAE TS olFHAstd vl AFE AT BHIL o] R A AEWHTF
A= dEE FLe Aolth. v= AXa=3 At BAA Fol AZERA g 2 A7H A
< o|24 Z9y AjtelHA X&F R oFHTY ALRAGE N, A gt v AT
1954 Census Method [®FHE 713t o) A&H oz 7Aste] 1967 X-11 ¥ L wpaE st
(Shiskin 5, 1967). AUt EAHL ARIMAR o2 A|A G FHe 1~29 oF, dAs T X-
114 A3 X-11 ARIMAWHS A|¢retdtt (Dagum, 1980, 1988). 1996d u]= MAAZL ey
52 RegARIMAR PO 2 23t & o] 5gHaHS H83he AZZAYHA X-12-ARIMAHS A<t
39t} (Findley 5, 1998; U.S. Census Bureau, 2011). REZ A HL2 3|7 237 ARIMAR &S vl&
S 2 ARWSS AEsta 25k Wgolth. Az ER AdWsS 4% RS o83 A
AzAHo g2 =99 BV4(Berliner Verfahren)2} 3% 54 % (Eurostat)®] DANINTIES”}
Attt FAZAAHLE A7t W 1A AEHES TP EE ARXAAEE HHHeE A
ol A7 ok 2F 9 SY2Y-S ARIMARF S 7|Hke g dto] AaFEH g3 AZzZALS
AAsHe =g ¥ TRAMO-SEATSS 712383ttt (Gomez2t Maravall, 1996).

SEvEr, 48, Auth 9=, 3%, 59 5 8 F7l6lA X-12-ARIMAE 8313 o, 79
=7k FollA B2 Uebt TRAMO-SEATSS ]85kl 9t} Eurostat (2009)9] AlZz27 2|3 elA
T ARZRYEES AET doll= 57hE ARl whebd TRAMO-SEATSS} X-12-ARIMA Fof st
£ o]R3FEE P Yt 19969 o]F X-12-ARIMA 2} TRAMO-SEATSE A Z 8w & WA AF
L5 t}7t 20023 Eurostat2 TRAMO-SEATS3 X-12-ARIMA 7} EA]o] AF2-7153F Demetra =&
IHE ALl o] A7]E TRAMO-SEATS Z 23] f)oA B} o] A = ot (Eu-
rostat, 2002). 2008'd W7]o] F423L Eurostat (2009)9] AZZAXHE vIHC 2 Demetrat+E
N5ttt (Grudkowska, 2011). 2012 v]=F A2 oo tf-3-35}9 X-12-ARIMA <2} TRAMO-
SEATSE Al AR 4= 9+ X-13ARIMA-SEATS Version 0.12 57133t} (U.S. Census Bu-
reau, 2012).
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Figure 3.1. Procedure of seasonal adjustment.

3.2. HEZHO| Hi}

X-12-ARIMA ¢} TRAMO-SEATS®] 2]t A @24 Ax}= Figure 3.13} Zo] A g8xH, So]3
2% & T8 AR AZxA oz e 5 At Figure 3.1& B9 FAEA Y7t FA<EH
B(T1,Cr), AZRE(S:), £LFARE (D), 7L @ BERF(H,), 5I1F(0r), EFANET ()22
T35 0] ot ZpEE . o714 L AFAAUE (D), THYL B BEWNEF(H) 2 2

o] AZRF x3H ], 5ol (0,) EfAWFol 2T DENFH SolF2 &5 ALWUTS
gt Alekgcle] HER o]& Abde 2AeHA Hrt RegARI AR} TRAMOR P % =¥
WET Eo|gS AWML E HoJsty UHASE ARIMARHE O Z B85 2ot} RegARIMAR

)

P TRAMOEG oz w0 AARAALR ThCiSiloll X-11 WY Ex SEATSHWHE 285}
A 2 S0

AHF Sie FEH Aok 328 AdHES AR AL A AAT F &
F71ste] S AR AAL T1CO0 s 73T o] AL A LN <+AZ
13 AAT A 52T Aot

tlo oot )
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Table 3.2. Seasonally adjusted statistics in Korea

Agency Statistics

Economically active population survey, Survey of Mining and Manufacturing,
. Service Industry Survey, Wholesale and Retail Trade Survey,

Statistics Korea . . .
Survey of Construction Orders Received and Value of Construction Completed,

Estimated Index of Equipment Investment

National Accounts, Monetary and Liquidity Aggregates,

The Bank of Korea
PPI, Balance of Payments, BSI

o

T ok LS 19999 SASE HiEew Ut 1HEES AT £ Jon HFua
2 X-12ARIMAE ©]83 £ 9L 323 AZxA =273 BOK-X-12-ARIMAE 7319
200413 X-12-Graph 7|5< E§3le] Z2 1S 7|A3At (Lee, 2002a, 2004). 2014 3=
-2 X-13ARIMA-SEATSY] ¥WEE A7E JAVA 78k 323 AZxA4 ==2199 BOK-X13-
ARIMAE 7|dalth (Hwangs?} Lee, 2015). SAAHL AN =2 a8 A7E5EA S A~
& (KOSTAT-CIS)& o|-&3to] AZxA S AAstaL Slrt.

H

it

4. NRZEe| o WH

o] oA+ AZZAFT o 2 RS € AxG AR T L HPAE Yo r AdxA
S vlge g AuiEc AdzY Y AHEEL Eurostat (2009), IMF (Bloem 5, 2014), U.S. Census
Bureau (2010) Sl &)= o] ok

a
= 2 A AICC SAHE o83t 2
b 2 =gl €98 AQAdAs(Ax)2 € AQAE AZ2AEE o 9% 23l
A

o

B8]

RGN

2 sew 549 o4 Bolo) BABA Bastch Adusel taiA 2
Fel® 10d~159 dole] AABAS Besich BRG] e AADS A%
o] A4 TPsAe] Fone A4 ADZAALL TR LTk YrA

X-13ARIMA-SEATSo| A= RegARIMA(TRAMO)R28& 3 Zeuis (Y34, B4, 359 &
HE So|ghg Abdof| FA 3}

? W) Solge FA%T AAEAY ¢ BL oSdrh
AASY ALAEES Bk gasl 44 5 ek 29
23] YAl ot feuvele 9E, $FY B W%
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Table 4.1. RegARIMA model for calendar effects

Parameter estimate Standard error t-value

sulb —0.0145 0.00461 -3.15

User-defined sula —0.0381 0.00619 —6.16

holiday chub —0.0268 0.00889 —3.02

cuba —0.0242 0.00453 —5.33

wd —0.0120 0.00124 —9.67

1-Coefficient Weekday 0.0026 0.00023 11.51

trading day Sat/Sun (derived) —0.0065 0.00057 —11.51

Automatically TC1987.Aug —0.1593 0.02028 —7.86

identified A02008.Nov —0.1132 0.02034 —5.56

outliers TC2008.Dec —0.2404 0.02476 —9.71

ARIMA model: Nonseasonal AR Lag 1 —0.16849 0.04462 —3.78

(110)(011) Seasonal MA Lag 12 0.78278 0.02935 26.67
1w (dummy) ¥4 Fejz 2450k @tk RegARIMA(TRAMO)R &S delws phal 37 = a5}
ARDIAZYO2 etk SARdolde 2974, B, FH2 29 U5} Koy #d v
FEARRE ioz oY WSS Kot fole 44D So1BL Yels A7 5 AEo2 4
250, ARIMAR & 54 w4120 ek AE S AT, RegARMATHS] 94 2

3 34 & kol )3t Ljung-Box A4, QSAA, ACF, PACF, 2~3ed 52 53 A&}

el AAEAL ARZRIRIN AR 28 AL $eiele] nge) WAT 2HAL A9
24k Aolth. SRt tlEA WA 43 FAL &) 7z whEel 242t 1, 297 9, 109

o] ZXA Yeh}r] wwol] ¥y 7o g AAE = FA9 wEka o] Ha Qlth Aol s fevtete
WA} Zo] Y7t o5 sl WA g PEd Pz B ;g( aster)O] Qom =329 Ao
Seltebel 22 SE AWl Utk Seluet WA wvk 240l tslAE Lee (1998)014 A5 9l
o Sejupel WA EvH Belld) Hillmer (1983) 5o WS 4830 gu M4z A4k 249
th WE A= sk @Eet sk ol wet tw] W] o] Wehet s dEe 21 2 93
Bellz} Hillmerd, 37 A@d 202 7H4ASHE Dagum3 o2 FEHAT. WA I = w377l ub
AREng o 337170 A Ao F23T Lee (2003)= 72 AASAY 94 sig
Hekstol B HFHEE 7o) Pl YARTE YASAACH o8 WiRon B AFe BT
£ s Rt o714 a = 0°]9¥ Bell?} Hillmerd o]3l, a = 1°]® Dagumd¥ o]t}
Table 4.1-2 21 2kx) = (A2 )0l Tl RegARIMAR &S o] &3to] D2 Ae Aot} (A
150] 235 13 Zol 2AEEZ WA F85 Y Sof J3ko] Aoz 2y EAAHNAE HA
% BRUE 24 Bone BU24S 3 AT, oI Hu Bausa 4 A% (b, sul),
F4 A% (chub, chua), 7L (wd), &L+ (1-Coefficient Trading Day, 3, —Z,—“EL)JJ— Z}EOE A
HE Eolge BT {93HA UEhgten, ARIMARES ARIMA(1 1 0)(0 1 1)228 F39 )
WAL Lee (2003)2 w2 31320] 109, Dagum® 3982 245 91tk

p

mlo i) rﬂJ

i)
ol

A% Aele] FET u AAEA AR ABRT o] EATHE A9 ARBER] AN H, A
Whsd AdATe] EAA gt A9 AY SA0l tel: AAHoz oY 2T 7 o
oh o714 A E ARSI wad Rl AUES ou@Th X-13ARIMA-SEATS o
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Figure 4.1. Seasonal factors by month.
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Figure 4.2. Spectrum of the original series and the seasonally adjusted series (solid line: original series, bold line:
seasonally adjusted series, dotted line: seasonal frequencies).

Hogzl = o]&m /\.tﬂEE"] F-AA3} Kruskal-
541’/} (Lytras 5, 2007; Ladiray 2} Quennevﬂle 2001).
ARAEel e AZR Aol 741@&10% ANDA O3B Bk o o N EB ALZA T B
FAWE EE ANZATE (TRAMO E RegARIMARE)S] 2hxjoll ALl Yol 7|
De ) ol gHh U AQA odow Zhatel Auubyol dis) AsRA. AA, 99 Tz 5
A AL ZE TR AEA AT ol EA AR £ %T 5 Aok Figure 418
B QAR 1~293 8~980] RA) Uehtka, AR 1, 290] AjEoR A, 51090
27 vhebget
A, 29 EHS T H T AZFIe AHER 2 3hE Hole A AFHE Ao|tt. Figure 4.2%
23 AQAMA T (A2R) T AR QALEH ABZZALY ~HEHS 77t P EE Y
ALQY A AR Fakpola 2 ge HolATN A-ZZALL 234 2 Je= ‘/‘rEPXﬁ/P ]h A
“*@**ZI—T—E}H“XP— ARHFol 3] L AFZAA L= AZHF] 23
e 2 9udit
Table 4.2 4RSS AR AAZAAL 0 ARZAALS) ARAL Tukey AMET

o{:om

o

o
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Table 4.2. Peak probabilities for Tukey spectrum estimator

Industrial production index Employment
Prior adjusted series SA series Prior adjusted series SA series
S1 0.952 0.254 0.957 0.083
S2 0.998 0.113 1.000 0.592
S3 0.997 0.012 0.994 0.513
S4 0.867 0.036 0.987 0.491
S5 0.156 0.003 0.999 0.570
S6 0.852 0.104 0.999 0.772

Table 4.3. Seasonality tests

Industrial production index Employment

Statistic p-value Statistic ~ p-value
@ F-test for stable seasonality (B1) 117.39 0.00% 72.50 0.00%
@® F-test for stable seasonality (D8) 176.78 0.00% 76.45 0.00%
® Kruskal-Wallis test (D8) 350.15 0.00% 313.40 0.00%
@ F-test for moving seasonality (D8) 0.73 88.78% 27.41 0.00%
® F-test for residual seasonality (SA series) 0.43 1.23

ARl 13 SES FelEE AREAA DL ARFIE(S1 ~ S6)°lAM vl 2 g Holu AExA

AGL 274 ok Aos Yyttt

ARWNES Adshs & ohE e A4S ol8ske etk AASAC EAshks A AR
i1 %

A7) M7 ARE B3l AET 5 k. IHA AZHE

1€ o8 BAoR FEAYL 0% ST F2I% 29 A
A5 o] it Fdsit). Kruskal-Wallis 242 A A AlA WS ojsh

) BHo% FASE VoA BHE AADEL, SBALA BB LBy AL
FEARGo 6 SEAA $98 HAe0h AR G4 AL A9

KA 27 ol% ARAl BE A4 (Fa)ol FEAHA 28 29 284 AL

st AE sttt & SAS0] % 593 -9 Lothiana} Morry

EATEE Y NI ALE AL o1 o184 AUkeds B, 4
Zronz AAFA AEE 5 = AP A AdHF o] EAsiria detsict

pul

E
S*jf >
o o My o}m i of

o

[

M7=/ (= +

s mt ) (4.1)

1/ 7 3FM>

Table 4.3 AQWE] A8 B 4% AFAY o)F BY APAAAS(Az)9 QA 97
(B3 AREFAAFAS (DY) 9 Aol A AL Lhebtch. (A
z)ole ol BAAUEC] G5 WA Uehgout AP ol BAAME o] fol5A vehdeh,
Table 4.39] HAA AZUF A @% o548 ALHEF FH ©F T3 M7o] 27+ 0.161, 0.764=
LHTh A e F A BE AEE 5 gl AdNEe] EASHE 202 UEhbth Table 4.39)
B= AAEAALD ABUF o] BESLA sl 02 AHE AT A 1904 FIk
A kg et AALelE A5 A AdAFe] EAST ALEAALe)E A AdRFo EAl
344 b Ao et Adxgol 483 593 onath,
= ohe AR 2PN QSEARES B8 A40lth QSEAS A (4.2)9) o] 2749 ABA R

o>
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Table 4.4. QS test for seasonality

Industrial production index Employment
QS p-value QS p-value
Original series 182.65 0.0000 462.61 0.0000
Residuals 0.18 0.9131 0.00 1.0000
Seasonally adjusted series 0.00 1.0000 0.00 1.0000

EE ANABAATE vlge g 3 Ljung-Box JEje] AAoth o474 p(s)2 p(2s)= 22 AAA
Hs)S} o)) 2u) A =H(2s)Q] FER}7)ABA S0 T)

QS = n(n +2) { pls)” | p(2s)” } . (4.2)

n—s n-—2s

O
wn
o
ox,

B3 9AD, AEAAD Sol ABABo] EAFEAE AAT 5 Yk QSEAZLS A
3745k 2uke] AN 2 ARAZI) Qe 1) Sl A OE AR 20 1 &
. Q87 BFE HE AZWE] Yt AADS RS, ALEZALH BFHREA
40 17 LhERaLh Table 4.49] 191385 (253 A9l 2 Qs A4 A3 ¥
@ E AL o) FOI3HA B RegARIMAR ] 24 D3t ALAEALE FI54
IR (2T AR AdxA e Adsithn Bekd,

N
-
nx
—~

N

‘Agr{mﬁm[o
ﬁ
BN

ota-' (R Moo
X -{ﬂ (‘]O ﬂl[ﬂl

R
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Figure 4.3. Comparison of X-11 and SEATS (solid line of (a): X-11, bold line of (a): SEATS).
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Figure 4.4. Sliding span analysis (span 1: gray, span 2: dark gray, span 3: black, span 4: dotted).
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Figure 4.5. Revision history analysis (solid line: concurrent SA series, bold line: final SA series).
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