SE&FALT A 6d 12
1993d 34 pp.163 - 172

HAY ARAE HF 22X E9 o] NLIN9S 27D

2 = A2
£ %

71€8 RE A4 H7AE(SAS, SPSSE)NA AT uj Ny AAHARY
€ A% T2IPEL I Aol W I, AT JgE a3 BA
Ae A€ AFA Rz o 974 A% nA e uNY AR
€ A% AT EHo] NLINOS HAY AARYEQ yYolgfo)Az AL
o] M3, 71¥ FAXY] Y AM} 24 s U FEFEY, A
¥ 2o @ ZEEY, AUAYNENT AT 2N Uy B B4
XNg AT A2ZES Oz NMEFYP

1.A 2

HAY ALY M 2 B4 FRY A % BAo Y51 A
Ao o goz Adte MY ZABH(linear approximation)o] o]E = Ao =z
AMEE T I A4S AHAE AFEHY Algo] 4 HoT MYTARE ANE w
¥ FTH, 259 ¥, #8389 A8 wgd FREs W) wgEe] (Batess)
Watts, 1980) 83 £4{staxate AN A ] 2 YRT§ A steiof o},
o] MYIARY] AYEE Jelus Sx24 2y uMYHd] U TFAL
(curvature measures of nonlinearity)& Al8% 4 Utk =8 HHYHo] o
A& Bates$t Watts(1980) o] $3#-5 £Z350] WAl Be A= $ AF3so] Uom
AE Fold. o|F Bates} Watts] T A uAYA 2% (global curvature) ¢}
Clarke (1987)¢] 2} 24o] th3 WM ¥4 Zx(marginal curvature)= M| 4% 3]AR
A9 AGE FYo FLE Y& ¥on LA Y ayE, Ay AT
ARY B4 ANAE ol FE9 Aito] Y5E/ AT, olgHT, 24 09 Al
T30l (a D)2 Fojz& o HYYANXNE olAo] FUW HAo|xgh HAYH

Voo] =R 19919 gr2aabxet dulx|del o8 Azl
HAHE : 913-0105-005-1

2 (156-743) N & BAT AT 5% 1-1 A2 TAA
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AXE HAYAY 359 A E AV Afe a2 A8z A & 57 Ao
¥ 24 ¥YP (parametrization)ol] @& BAYAY FE e ¥ FAHAX FRIIY
¥} 4 At} (Kang and Rawlings, 1989). 8]iL, Z} 242 vl E JPE2A
Uehlly] §13 wy o= Bates$} Watts (1988)9]  profile analysis, Cook 3%
Weisberg (1990)¢] confidence curve$& € 4 30t olsh & 29 47 HEHAE
& PFE wez AF JEH Ao § 5 A

o]9}e BAE AW UFH AT EGols Fu MY AFH AFolx, 959
A g 71EY R $A 7 X(SAS, BMDP)So) ¥lAY AAEAL $% T2
aPEo] UAAT I Aol B (AYIAAASY € AP AdAE 2
P 2y Bio Uiy X} FE oA =S E AMEAL d¥E Fojof @
) £, gold AFE, A2 Agd FLE FAXE AdE HFXA Rpr] o E
o] Alfo] H£ B YUY Ao Hay B FAXNE AFTHe AFH &
ZESE ML At

2. F8 MEyE

A AAHE HAY AAENELE $¥ T3P NLINSO(a nonlinear
regression program for 90's)el &= &9 YLEE 388 + U

B 434 (parameter estimation)

Eg4 vignige] FA4go] FolxW Gauss-Newton el o3 =459 H
A2AFFANNE T F AT EF o] FAHAAEY B BEFex, JBATSY 5%
AFFNE& Ao FE. o] B3P L MgHoirt. JFFEAo|y AYA{EY
o lojxE WwgAse FAZe] Y @A AYPL #AW X n RAHY gart 9l
Ed, o] A¥E AR 83 249 @& /A3 48 F JAEE HAY.

Z @ ¥4 (curvature analysis)

AYIAG] e F ¥4 FUEE Yehle T NAYY 5§ AN
oz

1) A 282 XA &%(global curvature)
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o} 712 Bates$} Watts(1980)9) ii-#-3F &(intrinsic curvature)3 24+ A# I
(parameter—effects curvature)& #4+3tFr}.

(2) & 249 ¥ MY A &X(marginal curvature)

Cook 3 Witmer(1985) AMEYo] i@ v|MYYSZ = H(H3) =FASHY
2g)o] A zk B4 o] AP vjAYPYY FErt NEA & AL
oldg F/A A BA B, an2, HYIARE &Y A
2o g BA(d:t-HA EE AHTFHE HAMME F 24 sl @ ¥
AYYel AL E ALY ol Utk ol& ##) NLINOI A& Clarke(1987)0]
Ay zt B49] ¥|MYAZEE Kangst Rawlings (1989)7F 71 A4F4
€ ol §3d Ao F4.

U 2450 @I TFEA(curvaure analysis for transformed parameters)

HAY 2yo] 7IAE HHHAHL ¢ 2YUCME 2 2Yo ¥EHE 259 HH
of Wa 71 Ax7 gAY, ==, #3d A8} JE AL ¥vAE4Y A
7t 744 AL g 24 E /A E EY& AHEdE o $O. ol E¥E IV
AMAE d87tA 25gdd dE TFEAo] Yoy o, NLINOdME F71A %
Woz o] AY® ¥ 471 Ut ANMAZE UE E5YHE /HAE vAYEYE
& AF =Y Y4 (model function)2 AHE3ted T @& AN E Aolx, FHUA=RE
AH4E RS HAE 25UHYe #AE o83 Aot &, ¥A(nAd
= 24ydgrt 2yESe] A @ e 2 A8YH o A9 Be @ 28T
& A7 dYseEMd FohA 24YHd A JE#E T8 7 ATEEY oA
A=x).

A9 A 8 £ 4 (experimental design analysis)

AARANA =Y Y BAAAE AN 2 EHEH 2 dolEE
FANNAE AGAY) FME Doy, wAYAARHE A AEAY
9 XL g7A} A& £ AAT A Jdre 2o AP FZE HAY A
(precise estimation of parameters)s} 2o v AYAPE A 3}7] §¥ A(reduction
nonlinearity) 2.2 F¥& 4 Ut olg4de A¥AYe F4& $s] NLINSO A
Box$} Lucas(1959)¢] D-optimal design criterion& AM8-27F XA} 249 ¥
&) ANHAEY. ALSAE 2 249 23 0 7 12 3S3A BAIS W43}
A3E & 5 Ak

or =2 &



Z2HE A (residual analysis)

AAEAAA Y AN AHEEHE FAXY BgFAAH o] 1 FaHL 4
7t 9l NLINOAA & o] RPN ey FAXNES Asie Wxe 7
FE fdel AFHAED. o] HYL BE H|Ao] Y] /15 ASCH m==
Aol HEZ ALEAE ol /AT FL& 2HYL A FEE B X (]:S)o A @3t
= AAEHE & 5 AT FAEE o] U G YEE) AZHD}: =YL,
St W A, WS d2x), Ax, FFH A, Cooks IYEL
(influence measure).

Y2 Yel vlolelufo] 2z}

AL A7 ANt AR A NN B AYIAEHNE A T2aWe AFEY of AY
ojgl¥ A BAIHuARE By 7} 2o U YAEUSE EE AT US 4
€ d¥HorddE Aolth. oL YL AL BY o YHFAHME B
€ A7 B AgAE TEAYPABT. 83 AL BEAATAN AL

< ol AL aFEII} FEolt. olE A YR HHNANEL TU4LE
2AZE WEE AFAL Yoy, AYY EAE JNME SU4FE A= Ro)
TR EY FEXNY FRoE oJAEHSY Ao Qo= Eio] BriEsI)

HIA YA LA 2ol 2Ye FHE FUA A€ $ AT WAz 2} 85
Bopo A E3] AMgEHE vHYEYPEY A5E BA= Ao} o F Eol, nMY3
ARYo] Y o]&F 8% 7)€% Ratkowsky(1983)e] Mo|i= 20ad70e] myo] A
AFe] Q. 2822, o)F HEHY HNYRYE U TP $449)
Z 240 oy A8 93 R AEYSFE AFHE BT 7Y (subroutine) S
Zgste] dF 9 dlojetvolAE VEFOEN AL Ry Aol A mod
H8 E¢TE F3AY AhY ¥ast glo) @X a7t Y3s 2y L Qg &
T UEE ¥ WAE 207) A=Y HEHQ HHYRYo] P Exz=aPo) 7
o] flon o BYUXALE $39 AL HAAY oo

3. APk 247

MY AEANE 9¢ Z2aY NLINOS 25 FORTRANQOl& Agste] 2y
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HAuon, o4rldle 2o AHPE F T2IAF} 20909 Rx2 3P 83, AL
8 HYEEF Fol71¥H AW =Z =3 (public domain program)?l LINPACK
(Dongarra ¢}, 1979)¢] DTRDI, DTRSL, DQRDC, DQRSL3# BLAS(basic linear
algebra subroutines)®] I=7} YF o] £HAUT. A9 HHALE 93 FORTRAN
779 REYHEDE ALg3Roenz 7]&9 A9 2E FORTRAN Compilersdtol A
ol 88 4 Ut a3, BE AALS double precision® 2 3@t Yy xg
a9 IBM PC 2869 3%} 3869 °l4 MS-FORTRAN(Ver40 3 50)& o]§3s A
EfAoH, dY HFHANAE UNIXE OSE 3= CONVEXelA HAE S}

A € Zzaduele APuide A7 oF 32K vlolEZ HAH Qo] B4
THHEHAS 29 #5499 A5 wg @A Adg B9, 249 N5 24Y
= @54 3007 Ax, MY o= 12070 oW, 283, 57/0Y d= 60U AE
AX BN 4 Ao ek FA7 EATHHUAE 9 e AEH W4 wa
HEI7|E AL ED. o] FE AlgAE T2 AYuAIIE HAE=
AaE AAdo] AHE3 R e N2 WY WA F71A1A ALesd g

4. AH&AA

€ X239 A¥Y dAE BAF7INE  Clarke(1987)d] Al4¥® dL9
Michaelis-Menten =% -& o] &3},

f=6,X/(62+X) n
o] 2¥oE e EPESF X F /Y B4 0y, 027} Utk o] dAd= 6719
FBEHFX7F Y. § 2¥e ¥ tE & YHE=

£=X/(B1+B2X) @)
ol &, 232 (1) 3 2N B+EL #44
B1=62/81, B2=1/; 3)

€ 7Y Aq7ldA f2E B4 (DA 2y AT, 24 6,3 60] o
¥ FEEHH otk (D49 24 by F by of PHME FFEAS d¥cn A}
A3A. B B4 8, F 6; & ZE 2@ diH D-FHNAYE=ZS Aot 3
A},
#e EHEE A% 49 vougsde 1 yio] £49 /M4 B4dgo] My
& Yehlle IE, B9 27X, ERAFY AF, B2 4, $gd45e) g AF
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J¥§ YehiE 2=, 293 BAARFTLE JANE Weol Ad EF ) 4
shins Qdsds F2E 974 4Fec 949 dAd b 9 <E >
o Foim gt

299 ARELE AYAR, 249 2N, Bhe) 2AARY FAN, BEA, 4
BA4S) ke BRI, Ggoz ALY Y JEeA) AdE neiF 3
3 Aol 98 o =ysh Are) 2yl NAME vAYY AT} 2 2N @
&8 ¢ & Atk 2%, ted & 24 S B TERYAAT HYSANSE
ol 4% AHFUFO FUHA We & BAFHATY 2P, ASHE VR Zof
Wet TERAS A3hE B o HolE Fe 294 () v 234 (DF A
St Aol WS FE& & A & 24 63 b o vEYYe 25 6, 3
6, 9 MAYA Mo Addes A 283, A%, D-AAARFEY &
& FaHE WM, AWA R 24 (0,09 BE D-ARAYZEL, FeAe
24 60 U® D-BAAYZEG, AWAL 24 6,9 ¢ D-FFAIRE ve

g,

(¥ 1) Michaelis-Menten ol|#]2] &3 ZF3}

TITLE: Michaelis-Menten Model, f = pl = x / (p2 + x)

Input Data: X's and Y

. 13800 . 14800
. 22000 .17100
.29100 . 23400
. 56000 . 32400
. 76600 .39000
1.4600 .49300

Parameter estimation requested. Initial parameter values are

1 2
. 10000 . 10000
Para. Estimate Std.Error Correlation
1 . 690398 3.682442E-02 1.00 -
2  .596545 6.825672E-02 .95 1.00
Variance estimate 1,8400E-04 based on 4 degrees of freedom

Global curvature (rms)

Intrinsic = .03070 Parameter = . 12547
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Compare these values with the upper 0.05 quantile of F dist. of ( 2, 4) d.f.
Both values are considered small if c = sqrt(F) << 1, where ¢ is a curvature,
Eg., if we accept a deviation of no more than 15x(10x), then we will declare
this analysis as having unacceptable curvature if at least one value of ¢ *
sqrt(F) is greater than 0.3 (0.2) (Bates & Watts (1980), JRSSB, pp.1-25)

Marginal curvature for each parameter

Para. Curvature lc =t
1 .04826 . 10280
2 . 06321 . 13463

where c¢ is the marginal curvature and t is the upper 0.05 quantile of t

distribution with 4 d.f.

If ic =t} < 0.1, curvature effects may be ignored and 1inear approximation
will suffice.

If 0.1 < ic * ti < 1/3, curvature effects should be compensated for as

suggested by Clarke. (Eg., use adjusted conf. intervals)

If ic = ti > 1/3, curvature effects are serious enough to make any simple

analysis risky. (Clarke (1987), JASA, pp.844-850)

95x Confidence Intervals

Linear Approx. Adjusted by Curvature

Para. Est. Lower Upper Lower Upper
1 . 69040 .61196 . 76883 .62003 . 77689

2 .59654 .45116 . 74193 .47074 .76150

Marginal curvature of the transformed parameters

No. of transformation = 2

Para. Value Std. Error Curvature lc =t}
1 . 86406 5, 73255E-02 . 02461 . 05242
2 1.4484 7. 72569E-02 . 00507 .01081

95x Confidence Intervals

Linear Approx. Adjusted by Curvature
Lower Upper Lower Upper
. 74196 .98616 . 74836 . 99256
1.2839 1.6130 1.2857 1.6148

D-optimal design criterion : evaluated for the subsets of parameters
whose index is 1

Value of criterion = . 22395 INDEX = 1 1
Value of criterion = . 19873 INDEX = 0 1
Value of criterion =’ . 36836 INDEX = 1 0
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i

A

#19 &¥9o] NLIN9OL IxE4o]l YAy FAXNE £33t Y fortslis o
Gauss-Newton 3¢ FU#4Y AAEL +5¢ A fortblisE PVt FA
A7 AR BE o BYY &S F2dHA HEAY & A

5. 2 @&

HAY AAEAY ALHAE ¢ Ed3dz & 4 . dEAHQ 4=
gtoly T 3} WMEE A, FAEYNAY HAF T 274 o
oyt efitoflxe] ¥ wig &% FA FoAMY FH F4AE FYF ux=
FYEY, AZF BAYNMY 4F Ay 29 5 2AHFTL EF Uk o)B9
Zt B4t BN AR L o] 83d ENHol o BPET, FL ATEH oY
vHi2 B ALgEC] AUHA &L SAMPEE 23 JE Ao A Aoy
A7l A70E ¥AE AALHE A% FFH AT EHo]Qd NLINOE 9JZoA 7)
U 71EY RR F4 #AFX(SAS, BMDP)Eo] e vy AARAL 9% =2
I9E Bo AMge] B dn, Y B4 oY B BAXNE ATIH= AXE
oz olg EololAe] Aol oy FHE ¥ Holzg A

EY, @2 FAAINAY JMgo] AFH AR B A7 BHAE olFg AW )
€539 GAZA Y & U] AR, 1992). ¥ FAWIAs JAgsw
2 Q7oA /LY BHEY FUSL U AY & A& ROl 1T, o) =
292 go2 MLY A ohAF uAHY A ¥4 (multiresponse regression
analysis)& $% ZT2339] 71&7F € Ro|t}.

d

o
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Introduction of NLIN90, a Software for Nonlinear
Regression Analysisl

Gunseog Kang?)

Abstract

A computer software for nonlinear regression analysis, NLIN90, was developed
to provide easy access and useful information for more precise analysis which can
be obtained from the newly developed theory. Together with the elementary
statistics, it provides statistics for curvature analysis of model function and of
each parameter, for curvaure analysis of transformed parameters, for experimental
design analysis, and for residual analysis. Easy access is obtained by utilizing a
database of nonlinear models.
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