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HMEho] ¢ AEIMBH(Growth Curve Model), SAS/AF, QIR0IZA|AR]
Damped-Trend X[~H&# (Exponential Smoothing)
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© AFA 2% (Growth Curve Model) & 0|2 gt 248 #Asled §83 &7
A Bot},
€ =82 olF% 84 $840) & BT 2Y L SAS/AFZ Ao N
3 F$AH-A1874 (End User Computing) & A 28t} 3He dloj] 2 24L& =31 9o}
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2 Me BAZARY Gl o
59 548 AHE, O]’é“é‘ Bl a - ZEG, v wde] o
N¥ 93 o= Mansfield-Blackman 2%, Linear Gompertz 53, Weibull 2%,
Bass 23, NSRL(Nonsymmetn'c Responding Logistic) 28, Harvey 28 Fo|n],
B8 BYo2E Logistic 2%, Probit 23, Gompertz 28 Folt}. B¢ o5
RHG o] &3 -’?—@@44 Q52 v@shy) 93 23N E FAFE MF 3
Ao HE SAS/AFE FEE AAZARY0) 9T A7 FA 2 P 1A
oo 2 4N e B WEQT

B =RoA dAE 951 ALY ARE 1960337E 199437449 S A=
FAFFo|tt.

m\o

Ay HAE JRZARFoR

AZte] 524 wal Ao e ¥4 AR S AHE] fste 3] ol&H e 4R
AR 3 (Growth Curve Model)& A8 23 (Linear Model)& ¥]43 23 (Nonlinear
Model) 2.2 -‘r:-rr‘?—_} T Ut

&g (Upper limiting value) KE A 3a EAsof
W2 dAES n Y Yo s Wse s B4 7
B2 A}43H: Bass 2%, NSRL 23, Harvey 28 52 H43 4234 238
o 388 425 & & ok deix I (Young, 1993).
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(1) Mansfield-Blackman 2.8

ln(

) B, +Bt+e, (1.1)

AAAA, e A BE ¥4 #54,

g, ~iid.N(0,07)

Mansfield-Blackman 23 Logistic 2389 4839 e 24 Logistic £3
7} i 2 W2E-E A0 AU FeE Ha givh BAA] 23t KL
HrEA] iR lofof 3, AFIARY W& 58 58 & FIU

(2) Linear Gompertz 2.8

Y
In (— ln[;{’—]) =B, + Bt +E¢, (1.2)

Linear Gompertz 28| V.9 BAM2 A7} opd 8H49] dejo]r, i]-?;i Z
Boke] Zerolnt. BAA] Sggko] oA lojol shn, By ¢ AEIARA
o] ALg-E T}

(3) Weibull 28

K
ln(ln[K_Y;D=ﬂ0 +B,Int + ¢, (1.3)

Weibull E8& 247} 7HE gtol Heh 2Ho] thyUA ohdA7 25, o
A Sgko] LelA glolok BAjo] Fhseltt mRel 240 HEHALY W] A}
£90.
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(4) Bass 2.8
Y= ﬁo + ﬁlY;—l +ﬂ2(Y:—1)2 t+E€, (1.4)
AN,y BS3te Wsle
B, B, e B,

Bass 282 #3gY W3ES AMeste RY 2 Logistic 23 FA=A
o AS7A A E 233 th2A 23] Al tg F47t ofg. 248} e
359 & 7 9o, Fatgke] A UA Yotk BAo] shedit).

(5) NSRL 28 (Nonsymmetric Responding Logistic Model)

Iny, = By + BIn(Y_) + B,iIn(K-Y,_)+¢, (1.5)

BEUY H3E S AHeste BYoH, S3gto] gelA Slojok 40| 7Hsdit).

(6) Harvey 28

Iny, =B, + Bt +B,In(Y,_)+¢, (1.6)

Logistic, Gompertz, S9% %9 9389 A4 23 & X33} H3ES A4
e 58 Foe FYslA 28 AlZto] M2 ¥5E o] Ut}

2) H|MY dFTM2Y

Ay JAZMRYo 2 Logistic £8, Probit 28, Gompertz 28 So] @
g AH-Eth(Young & Ord, 1990: H5F - 344, 1997).

Logistic 232 ge|glole] S84 22 /A ¢ +3 AFY 54 5
o & Agse 2P 32 P Y& 2=t} Gompertz 282 Logistic 23
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Logistic 283 #AHg SA¥ Moz 3 FFEEFSF e H3g o)
°|9)dl % Von Bertalanffy 23 5] ‘A’l‘:}(Draper & Smith, 1981).

2ol vldFo]7] fiel Aol 2F FAREL Y BL2RE A4 o
ofd 2AHHQl RE2HH Aol golo} “Jra}*‘] HAE A3 BEoxg 33
23] A FAFEL A8 471 A& o 49 Fo)7} ozt T3 289
FHI AN 4 2ol g 27)3to) BastA T o]of g ukslE W e gioh

(1) Logistic 28

K

Yt =
1+ exp(a - fBr)

tTE, 2.1)

AlA, Vi Al e 72 #23,
a, pe B
= Sk
g, ~i.id.N(0,67)

F49 BFL HIH S F402 F90H o) FeS g3 glon vy AlRE
tt=Inf/k WZHE Y = 1/2Kolth B8] 3¢ viME3] 724 uhio)
AHEEH, Sk K7F €21A Q] @oke EX4o] shssit), o] R¥e WY Az
A B8 (Pearl Growth Curve Model)©] 8} 3Hc}.

(2) Probit 28

= K®(a+ fr)+¢, (2.2)

A4, @& 74 FREEFS

Logistic 233 A SR ZMoz2 53 FFELFSs] g g},
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(3) Gompertz 28
Y, = Kexp(—aexp(-fit)) + ¢, (2.3)
Logistic 287 22 S7 FElE 93 dAT ¥ S FA o= Aty 2
& olth ¥M2A e A|HL Logistic BEH 2L tr = In B /klH, FHE Y1 =
K/eolth. Sdtgto] 2elA A ol ¥Xo] 7hzdtn, RS F4o] vdF3|H
A Whgo] AHgEH

3) MY iy 4EEM 29 Bl

AR $8e Bl P AAze) AF% 1 A9 AR £ w74
g go7} Yo, ARATHY FHE Ure 71FdE BRHRE JUE AT

(E 1) MY - oMY 4338 280 v|n?

. Mansfield Linear
Logistic | . Probit : Gompertz Weibull | Bass | NSRL | Harvey
Blackman Gompertz
B34 or ax b 23 2x x5 | msre | wae | mae
wate #B2A] [ F2A | B3 BEA T3 #2x | WEe | ase | vske
Igighol ¢ElA
Qoperarerr | < | X | T O o O | x |0 x
FRd AY
zYo] 21§ X X X @] O O @] o O
HgAe71? : |
2o
agrky | © x| © o o
239%¢ o
goe] R 20or3 |Bor3 (20r3 2 2 2 3 3 3

1) (& DN $9EAE 28 AR 274 32
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g Fa7} Atk ARIAY F/E Yre 7IEde dEEE g2 AR
717 & BAG Y Wske S ARSI EVL? S KF gElA devt? YY) 2E
7t Q7Y F ol A3 A 2Fo| 4 ? Tl &g g7t
5 o 747 9E F Aok 4 ARRH BYE9] §4E g9k (R DI 2o

Z3gto] A A % 7% Bass 283 Harvey 30| $2 ZFE el
o, £3] Harvey 282 A8 /i57}1 B2 tloejd] A3tsirt. theF SE3to] 22
A A Age) A7)7F A2 AolE NSRLEE S AMdshe & dajof gt
(Makridakis 2| 1984).

ol zpgdl thate] Aol 71 FE RFYA YT 7P F BT 432 e ¥
£ oh7] W 2ol] B3} Aele A5 o) 54 met d=ste Alo] 7P vt st

4) BYNET|E EAZ

AR RYE o) 83 FPAT A5 E vwdy] % RPN BAFES
Z7hgc},
(1) $#2x(Mean Error)
1 & '
E=—2%(5,-%) @1
NS
v = A& Z(actual value),
v = &gk (predicted value)
(2) HHuWEE2XHMean Percentage Error)
MPE = l@E(y, Wy, 42)

(3) HFAY2AH(Mean Absolute Error)

1.
MAE=N2Iy, -y, (4.3)
=1
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(4) YN EE2XH(Mean Absolute Percentage Error)

MAPE = 5)93 3, =y) Iy, (4.4;

(5) HANE2AH Mean Squared Error)

N
MSE = -]1-,-2(9, -y, (4.5)

t=1

(6) HUZHAMFZ2XH(Root Mean Square Error)

N
RMSE = /%2(9, % 4.6
=1

(7) B2 YA ZHE 22X (Root Mean Square Percentage Error)

N AY
RMSPE = 100\/%2{(9, -y} 4.7,
=1

ool BAREL 1 gho] AE5E Y Y S Hudrh MSEe ot Held
FRFH|BZ E (7)€ Yrivt B2 3H3n Ye A Pobidy] 9 AU
71%°1H, MAPEE A58 yi 9 B (y: )9 R0l € E (y:)J9}e] vle2 S48 3 ¥
goz, yof 99l FEsA HE gE 23 vasted v e 7] i,

(8) ZHAIS(Corrected Actual R-square)
SSE
R =1- \
© T cSsA (4.8;
AlA, SSE = 2(9, -y

t=1
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FHASE 1 ol 245 3 2L A3, ATy 5o N2 ZPFole}
1849002 AL 2 0| Hoig 4 = BATL ohin.

(9) ollF 2| &ty SAH=H(Statistic Measuring the Accuracy of Forecast)

J LA (4.9)
— 2.
\NZ'

2 1.
Jﬁzyfer\/ﬁz 2 (4.10)

Uit U9 Al 3 0ol 23 E5E £& 2302 Byath &3] Theile 2%
A A5 U7F 0.55 olstold dlZo] Fetg Aoz B4t (Lindberg, 1982
McNess, 1979).

A9 (4.9)% (41002 ZZX37|F EAZolgr) Bk ARy oz Mug
RN v AS5ghe FHE | 2 AT FBAH L FoliE JFE BAgo
g & ik

rio
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. SAS/AFZ 788 A4ZARYel 93 Qo2 A 28]

FA ANE JAZARYES o83 AP ES dBH o2 ke A7
o SN 28 2703, o] T2 YL SAS A 279} SAS/AF, SAS/ETSY 2]
7% FE ol &t FEEA.

A7A2A2Ge A Fh9) G2z sl el 42 2718, A= o
9, 2y Ay % A7d%, 299 539 vy, £4% 9592 FAH0 I
2 gz Bgold QRSN H4Y FHE HUT F SYN7)E #A0) 92
Moz syslo] ADE 2o 2AIY

BAo) A8 ARE 196097E 199497HA19) 2] dud FAFF ofT-,
Are (& 2)% Zo},

(# 2) Az FQ74 (1960~1994)

pal o pab oI+ AE o
1960 25,012,374 1972 33,505,406 1984 40,405,956
1961 25,765,673 1973 34,103,149 1985 40,805,744
1962 26,513,030 1974 34,692,266 1986 41,213,674
1963 27,261,747 1975 35,280,725 1987 41,621,690

1964 27,984,155 1976 35,848,623 1988 42,031,247
1965 28,704,674 1977 36,411,795 1989 42,449,038
1966 29,435,571 1978 36,969,185 1990 42,869,238

1967 30,130,983 1979 37,534,236 1991 43,295,704
1968 30,838,302 1980 38,123,775 1992 43,747,962
1969 31,544,266 1981 38,723,248 1993 44,194,628
1970 32,240,827 1982 39,326,352 1994 44,641,540
1971 32,882,704 1983 39,910,403

A8 FHATFFAL, 1996, A
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o 2713 9 agdA 71&Hol e SR xE9] FAo] 4A
g} 28 HES ¥4 A|aHe] FadT

WENDE-VL
2) M2l o

(28 & A 48 AR o] oM YT A7 E o83 ol ¥l BE

(a3 2) Xt=zol Y
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A o] FYHBER WizA] doElE JFslok g} YY) He AR
ASCII 349] Hlojejoly, A 287} £A9 o] E). B o7 HES ¥
" A87F SAS Hoje] Ao WEHY A5/t HJFHos YA @ B
o ‘4FH o2 Ag7t APHAFUY g AR 288, gk k2] A4
A Zze] A AU gk AAAz 289 48R WE
< F24 Y88 ARE & 7 en((ad 3)), THH2 ek shsdit). wg
&9 PLOT HES F29 d¥d 2189 9548 PLOTS £ § th(a¥ 4)).
dlolel9) o] BUd ojd oz WES Hgs 27|sHe g Eolzd & Qi)

fe |

3) 2o |4+

WRLEEREY)

(a8 3) Xz 27| (28 4) =9 Plot

P2 AAG B9 27)|3ho] REH, E3] F3g Ke 2718k BsiAl
a&% she Z%o] Aot 259 2713 Fahe duhAQ) whEe QAT B Al ¢
Me 249 2713ke8 393 Ke 479 Zo|(R87t £38 459 )9 w2
A9 ARE o g3l Aast 109 olste] kol vt A Fe) Azl 5,
10~20:9) AR n}x2 Al Akze] 30, 3001 4e) RHRE vlA % A Ahge)
2 Fala] AL FHsed oA 271ko 2 AHREIh 393k ol9e) &
F9 2718 2, 1, 0, -1, 28 Z7 259 27|12 AHeaks AR (Crid
 search) 7] & AH&SATh
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(72 5) 2¥o| M ol ol7ol%

°l A=l E Alzdoy B4 sbse m¥d 2832 Ydan glom(ad
5). 582 JdsH 7} 28 gk 24 9502 o] "o}

2o AestddA wdY 432N 28 Logistic RHS Adstn 2377
o £ 3451 4& 712% 4FEH (23 6)F Bo| B4e) 2HAT vy
AR S Bdete 2Y H371E A% 299 284 e Agag 2
7}l A5l theh ol &3] (Predict Value), 22]3 QA z4& s} o239l o] ]l zkz}
(Residual)7} 23 €},

(T8 6)9] A 2R HES Meatal a9} 248 v)mahe (23
7)8] PLOTe| 3% &89t}

(O3 6) Logistic ARTMIH (J8 7) Logistic 82| =XZ1} Plot



210 =7

A2Eld] Bed 28 F Zag K7t wtEAl 28A glolob she Mansfield-
Blackman 8 Linear Gompertz 28, Weibull £3, NSRL 2¥& #4712=
Qe o] 2ag K2 3712 Ydsior ank AT SIS Ivke AL WL
Hog 79 Wisatt a8ng ARTARY F P Afo] 2€ BPAM FX
3 2P K ol43ke Aol dhte tigteldtn & & Sl

(13 8) Bass AZAMDY (73 9) Bass 2829| £MZ Plot

07w

374 Aozt Aok AL FAE & Yok £ 2 —Erfﬂw ol£8 ARAME F1
o] W3ge ALE3HE 23e BASS B, NSRL 23, Harvey 2382 ot 435
Andd v Aol & He AL FAT + Ut

APAR2A YA AF 7S F317] A *éM BA3m Eg 7=
gy, B AlzdHdAE o8 237198 2odde B FAHNHA WES

8 23t

(28 9N 2 & YSo] AY AAIARYH vHY 4FRURYY BYe}

5) FHE 2@ vl

(28 10)& A2de] A48 2359 Adr]Ze] He A FAFL HeolEel
Pz 2T dom ol T J’ﬂﬂ Wzad b g R8e A9E 5

9l
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185548.901 0.
55115.619 1 0.

(X 3)e 28X F7F EASS Q93 Folo}.

(I3 10) #HE 289/ vl

(% 3) 28Mz7|1Z EA=

RMSE | RMSPE | ZzAls ul U
Logistic 88713344 | 0.253 | 0.9998 | 00024 | 0.0012
Probit 89582973 | 0.254 | 09998 | 00025 | 0.0012
Gompertz 69785887 | 0.181 09999 | 00019 | 00010
Masfield- Blackman 213684.533 0.698 0.9987 0.0059 0.0029
Linear Gompertz 69791184 | 0.181 | 0.0999 | 0.0019 | 0.0010
Weibull 1743855.155 | 5471 | 09034 | 0.0476 | 0.0238
Bass 37957115 | 0097 | 10000 | 00010 | 00005
NSRL 38243867 | 0.098 | 1.0000 | 0.0010 | 0.0005
Harvey 38601.206 | 0.099 | 1.0000 | 0.0011 | 0.0005

E =Fd 0|88 259 A¥Ade vAE YAFHNEY 22 E Gompertz BF
o], A8 JALMRFY o2& Bass Z¥o| 7P A5 s Afo] FE ez ¥
A5 Al A o2 Mansfield-Blackman 283} Weibull 28-& Al¢j3 A8 A

B34 Aol AP AR2TNY A0 2 HUSS BAT 5 Aok,

oM A4 RYE RE 20108-F AFaA QT Z715A7) o ¢

=3k
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RAolsl 20308 < AFE M A7 F75Ae A9 P& Aoz dged. &g

2011~20134 Atojel] f-ejutzte] A7/ 535S E08 AL 2 o243} ey
o},

(F 4)& F80FA 28 A2 F Gompertz 237} Bass2 3] 93 o249
¥ 10479 FAJA 7o

6) 2%

(X 4) Gompertz 2381} Bass 22| o5zt

ks FH o7 Gompertz 28 0|83t 053t Bass 2 S0/88 oj5at

1994 44,641,540 44532575.944 44592529.684

1995 44898538.927 44980845.841

1996 45253802.916 45359735.330

1997 45598578.211 45729346.671

1998 45933078.722 46089847.756

1999 46257521.214 46441395.574

2000 46572124.602 46784150.942

2001 46877109.304 47118275.259

2002 47172696.631 47443930.265

2003 47459018.241 47761277.813

2004 47736565.627 48070479.660

2005 48005289.650 48371697.262

dEZA A"l Z AZARY A £ AAH AY 2w 3H &
& 42t AHEAE A2

AHEEA d S oly d SRR dlA BAdhe o2 1A AREd] i old s

a7
Bg £42
L
=2

I =T

Bt 7l5S o

AFeka o o] =
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N. 22

NE,

£

AR ARAZAREE Y - HAY YAZHARE oz BEdD o5 n9
$79 542 MESHI, SAY/AFZ FHD HHTURY 98 A7A3A 280
W ALE 2R3k o] AlaRlo) o8] BAAbE vlmA Ae Ak pEe &
A el?] ARFARZGAN 338 23 vlastn A9 571 ok

2Ef} PN QG K] AT 242800 defe] Ago] 13 28 23
AR 7 B |22 she RRE oh)] BEe) 3o} Aot e 2
EAA7L B3t} £ o] FAlo] gt AlAF 23 © 24 Damped-Trend A4
%€ (Exponential Smoothing)?-& ©]48 4= 9o},

olsh BE ARIH BYL old S5 AHE $H uFNe $29] AU
T, PC 3% 7R 5 o2 Folbe] 8¢ 24 o] 49 4 9},

2) Damped Trend Exponential Smoothing23& ARIMAR ¥ .2 F¥3}d ARIMA(1.1 )%
Y3 g &,

(1-¢B)(1-B)Y: = (1-01 Bt B¢,
=1+ ¢—e—ayg, 2= (a—1)¢

o2 B8 4 QUTHSAS Institute, 1995).
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abstract

Population Forecasting System
Based on Growth Curve Models

Jong Hoo Choi, Bong Ho Choi, Woo Sung Yang, Eugene Kim

In this paper, we investigate the linear and nonlinear growth curve models, and
compare these models based on model selection criteria. And we propose a
Population Forecasting System using SAS/AF. 1t is useful in the behalf of an end-

user computing environment.

Key Words : growth curve model, SAS/AF, population forecasting system,
damped-trend exponential smoothing



