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Convergence Problem in Nonlinear Regression
for Parameter Estimation

Unchalee Tonggumnead ' and Lily Insrisawang *
Kasetsart University, Jatujuk, Bangkok 10903

Abstract

The purpose of this research is to study three effective factors for convergence problem in nonlinear
regression parameter estimation : 1) choice of initial value, considering from : Fekedulegn’s method and
Grid Search, 2) distribution of data, considering from : Negative Exponential and Monomolecular and 3)
sample size : n =20 , n=30, n=50 and n =100 respectively. Simulations was performed and repeated 500
times for each scenario. The result showed that in most situations, when the sample size increase from n=20
to n=100 Gauss Newton method, Marquardt and Newton method will make no difference in percent of
convergence to parameter and the number of average iteration, namely, when the sample size increase, it
will make percent of convergence to parameter increase almost 100 percent. In addition, when the sample
size increase from n=20 to n=100, choice of different initial value does not effect for convergence to
parameter. From this research the best method is Marquardt by using Grid Search. It make percent of
convergence to parameter and the number of average iteration equal to 100 percent and 39.58 iterations
in Negative Exponential model and equal to 98 percent and 47.98 iterations in Monomolecular model

respectively.
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NIANHIAIIN “NAUSTENI9AILYTD 52
(Regressor variable / predictor variable) X Lag@Lg
AN (response variable) Y 11 “"@wisnileAanns
31AT1LRN1I0A0BE (regression analysis) F9FLUL
n3annes ansauteldiiu 2 dstianinaig Ae i
LUUNNT0ANBELEIL U (linear regression model) AL
fruuunsannaeuuuliiBel *u (nonlinear regression
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(linear in parameter) Tuzusfiduuunisonnayl
WBat “unanede fuuunsannssila 1wnsadeuld
Tunuu “wrpensfines (nonlinear in parameter) [1]
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3. BANUUNSIT
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1. spuuunsamasslaiier "y swAdeieglungu
wgfuuunIasaivla (growth model) 2 fauy
Téun Negative Exponential L2 Monomolecular

a. Negative Exponential
Y=B,(1-exp(-B,X)) +& , €~N(0,1)
b. Monomolecular

Y=Bo(1'BleXp('B2X)) te , €~ N(O,l)

Fay 2 wvuidusnuunisonasyliida ulu
aszazedikuunsRspAuladla wnsoudadli
agl;,[,ugﬁl;’?i\il,”umo\lﬁ (non — intrinsically linear)
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2. Generate ﬁagaﬁ'ﬁgmmu Negative Exponen-
tial uaz Monomolecular lag Y, 1ud sesaii (res-
ponse independence) X usuisd svlsidaitiny
ARAWWNG T (equal space) € ANITUINKAY
Unfinnsgu generate daya 4 2ualag 1) fIpeng
2UIR nN=20 2) AIBENIUIA n=30 3) FIDLWIUIA
n=50 WAz 4) fMBLTUIA n=100 Fofu wnsa U
suuuuluns generate ﬁagavﬁnngﬂuuu‘lﬂ”ﬁaﬁa‘lﬂﬁ

- ﬁagaﬁagﬂugﬂﬁmun Negative Exponential

o '

Ffet9zuIn 20
- doyafiodlugUduuy Negative Exponential
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v

- mauaﬁagﬂugﬂﬁmuu Negative Exponential

E

o '
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v

- doyafiodlugUduuy Negative Exponential

U

AP INTUIA 100

ﬁagaﬁag’[ugﬂﬁumu Monomolecular f9&19
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FoyafiaglugUfuuy Monomolecular §28e19
2UIR 30
- ﬁagaﬁag’[ugﬂﬁumu Monomolecular §18t19
2UA 50
- dayafiagTuzUiuuy Monomolecular §28e19
2UIR 100
3. MuAAISNFUTEINITIAIneSA1IT 09
Fekedulegn [3] wazn5ld grid search
4. Yszanaudmnfimeszeeiiuuunisannasll
1L “UA835 Gauss-Newton Marquardt Way New-
ton laeld option PROC NLIN Tu sAs program

Aurndauaivlunsuiigdi dAmindmes

A3 IAD5IRRY (mean of ) SE(B) WAy uas
1UIUTBUIARY (mean of iteration) Aigidn A1
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3.1 35 Gauss Newton
Bates and Watts [4] léaSuied5uae Gauss
Newton %3833 linearization LJuisn19n1e
Uszannumed by seewisfiens By Sefitunauddl
inus b© iudSuundadussinalusey
(iteration) 71 0 B@eW AR B; nTzaeilaritu f(Xi,p)
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= nn o a v &
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X(0)= D X(O)"' e (5)
$15)
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Y, -f ! D, - D]p
Y= ,¥"=|" uaz Dy =
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Fendauuudl (5) FduuunisUTsuam
(approximate model) #8359 autipedi A7 a®
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dounasnmads avzavanuaaaiaiaulusaudl 0
uazsaui 1 Tuimanzad bO uaz b 1 SSE® uas
SSE® awddiu law SSEO = 3 (Y - fO) uaz
SSEM =Y (Y - £V Tusouit 2 m b® Faifluninimes
Pa95EN b, Tusauil 2 fedBmavisadeaiuld
b =bM + a® mgUsTaRsiselUaudesauT S+1
Fordusaviil¥inasreradszannzasniiniines
B; ldun (b - b®) wiowasewese SSE léun
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faviitionl @ dofu be Hudwszanumeens

UGN
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3.2 35 Marquardt

NsanfMuuumInaney Y, = f(X.p) + &
i=1,2,..n \fie Y, Hudn “anefl i Pe9IuLIAN
Y X4 dunnaeizesan “sinavasdiudsd sz q
Ay 2ue q U 1 AR X =
(X1i.Xzi.. Xq) WAZ P Wunnmeszeenisflmesauin
p 7 B = BrpoPp) & ~iid N©,0) uar fX.,p)
WUAIAMNAIanTITed Y AWAANIAY 992849
AINARIALAREY (residual sum of squares) Ad

SB) =2 (Y: - fX,B)

1% bo = (buo, ba,...bw)" \HuINIABSTRIASNGY Fo
nIEUIuMIUH luMTUIInuAwIAmes wnsa

Aviualélag

(D'D+M)8=D'(y-1 ()

a of(x; B)
DV — 15
N LU 8@
N19ATUIN vector of increments 17'i k iteration E]Fil;
Tusuzee
Lﬁﬂ Qk: bk+l - bk

b, =b+ (Dli Dk)-l Dli (y-£)

270 113 (7) Wunisvan A fivinTi residual
sum of square aAAINANIABD S(bir) < S(bi) A flu
AAed Befianlaitioendn 0 uay 1 An windndandnenl
(identity) [5]

3.3 35 Newton
NAIVUNTOARDE Y = fXi.p) + &
i=1,2,..n Y Judr “unaft i vavsudsnn Y
X5 funnmedaeedn “unemesdulsd 5z q daus
e q nviefegd i il X' = (xixa.Xq) B
Wuneesaeeninfiinesnsad “wus: “nin1s
nANBEIUNA p 14 B=(B1.p2.-.By) &i~iid. N(0.0)

SB) =2 (Y- fX,B)

Aszanamwndmes B lasnszuiunsiugt wnsn
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ARIALARDU
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fn Jacobean matrix 28y function

_ of(B)
IEp) =—=
% f()
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H(f,B) = gg ((3%)' AD Hessian matrix

N9 (8) azyimsautsaludn

1Ben) 1B < 1B 1B w32 SBe) < SBY

Lo [6]

3.4 MsivuAAENEUG835289 Fekedulegn
Fekedulegn [3] l&. us3fianAi5nsud
fuvuaglunguassgUuuumsasuiula lasfiansan
A aiiviaanususialuzesiiuuy Fsnsimun
ASuFURZ NN IITUAAENE LD Bo. B2, Bs
waz Br auaIay
ASudued Bo arfiansaunainan LN
fudsnn Y

ANENAUDRY B2 91U N

B, = (Y2- Y)I(X2- X))
S Bu.

W Y, uae Y, Wudasiudsmudt anades

fu X, uar X, (Beariarsaniglavesioyailé)
Az o, WnuAENEUDY B,

AGNFUDeN B, fiFagsznine 0 fa 1 (0 <P,
<1) “m3usuuuiieglusuees Chapman-Richards
growth model uaz B, danduvin (B, > 0) “msy
Von Bertalanffy growth model ae Weibull growth

model

Adndues B, HuAEuduzeIFILLD
307 start of growth FananaaadniuaEusy
fifuysd 9¢ X fdwiadu 0 vieenananilédn Y()
Aazeeiulsmn Y fl9a start of growth Bl
ansduadoudife 0 walumeufiiRazidoniduen
UINARBUALEN

3.5 msnvuaaausulaeld grid search
nsfnuaa1sHFulunITYTEIUAINAT
fimasvosiuuunisannaslaide “ulunsdifilins
Frazivusasududuscls wnsoildlesld grid
search Gvaziiiu option wilolu SAS program §178819
M3l grid search WU Avuaiiluunsannasll
WL U
aglugy Y = e® + ¢ unInUsTanuAIngg
fmasvasiuuunisannaylida “ulasli SAS
program dumanindudiviang Nlalaslde <

PROC NLIN;

PARAMETERS G = -100 TO 100 BY .1;
MODEL Y = EXP(-(G*x));

RUN;

;a;‘lJ‘?i 1 4 aem3ldie o grid search Tu SAS program

SAS program azfuMmIANSNAUNNT NY89
w1 Awesli Tagasdumesuduzasnisinesa
NN wEaus -100 Tapifiafias 0.1 qunsiieds 100
Toe G Tu SAS program unuA I Amas 0 x unu
faudsd sedslumszgaesiuuunmsniaiivlng:
LNUALLIAN
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WBAUANTU UASDUIAFIDENUANAINAU way 3
o ]
2120 £ 120
> >
= =
_ 4 0
s 100 ©— Gauss g 100 = Y | —— Gauss
w — w
g 30 . Newton é 80 Newton
£ 1 . 1
T 60 Marquardt Xg 60 ~—l— Marquardt
B 40 B 40
'ug ”g
==
=2 2 Newton S Newton
0 T T T | 0 T T T |
(N N NN
AR SEES
YNAVDINIBENY YNAVDINIBENT

S 2 denAsnsiulaeiSune Fekedulegn
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=
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gl 4 uaz 5 u avliuilugduuy Mono-
molecular is3n131denA3uiulag3Fues Fekedulegn
wazn1siionAnsudulaeld grid search Tvinalu
FnunuzITaiUL 1995 Gauss Newton, 33 Marquardt
uazd3 Newton #e iosunvaviiairofinduay
liweSiBudiinuns converge 1 'Amnandlines
windu Tay

121 nsel jUuuy Monomolecular fRanAsn

fiulaeASuee Fekedulegn WU e n = 100 11933

Gauss Newton, 35 Marquardt a5 Newton &
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fulaald Grid search WU 1il® n = 100 A596N

9
A A &

7038 Marquardt fiasidudinunis 98 Wasidud

Ui 2 Ansandiuseulefigidn Amwi

a (4
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21 FIUIUTDURRBTANUNST converge BBIFIULIL
Negative Exponential iiaidanAniudulasiioes

Fekedulegn WRENSE Grid search i mﬁ\‘lgﬂﬁ 6

¢ & ea \L ' ' o A "
WastBuanwung converge tNLLANANNUABININY 86 LWRE 7
v
9 3 35
g, 50 . ? 50
% 40 - i _é. —&— Gauss § 40 Z e —&— Gauss
i~ Newton e Newton
= 30 g 30 ’
g / —— Marquardt K S /./ —l— Marquardt
E 20 o = 20 g
,‘E lg ./
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® Newton g Newton
§ 0 T T T 1 ; 0 T T T 1
b= ==
S o 5 & S o ) &
& & & 0\ & & S 0\
WD IIOLN AUIAUBIAIDEN

sl 6 fenAaniiulaeiiaey Fekedulegn

93Ut 6 war 7 w avliudnluzUuuy Nega-
tive Exponential w93in1sidendninsulasdsons
Fekedulegn wazmsidandsusiulasls grid search
Thnaludnuusguiedi 11935 Gauss Newton, 33
Marquardt as35 Newton fp fa2u1nv898 081
induasildiuiuseneiefinuns converge 1
JAnTd wasiintu Tag

211 n3dl JUUUY Negative Exponential fivdan

a

AnSuiulaeiSvay Fekedulegn wudn (e n = 100

a A a

M AApA8 Marquardt fiTuusoURABIWLNNS

[S)]
=)
=2
ho) )

converge i1 Amwsdinesiiaen awiniy 41.49 181

suit 7 dendAnandulasld Grid search

212 n3iil JUuUD Negative Exponential fivdan
Ansuiulaeld Grid search wudn Wl n = 100 33
fiad Afp38 Marquardt fiTuauseuieiinuns
converge 1 ‘Fmnanflimastiondl avinfu 39.58 38U

22 FIUIUTBVLARBTNLNT converge 1B9FIUUL
Monomolecular iiatdand3ndulasifoay
Fekedulegn waznsl4 Grid search i méfogﬂﬁ 8
Ay 9
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S20
2 Newton
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n=20 n=30 n=50
VDI IDUN
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=

3 f

=

a
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<
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=
£ -

s 20 —&— Gauszs Newton
-2

3

R

£ 0 ! —— Marquardt
= //

1 4+—
Newrton

n=20 n=30 n=30 n=100

VI 10U

st 8 Wendsusulagifues Fekedulegn

Ui 8 uaz 9 u aslvdiudluguuy Mono-
molecular 935 s1RanASusiulaeIBuae Fekedulegn
waznisidanaSusdulaeld grid search Teiwalu

v
o aa

AnwULIEULALITU 1975 Gauss Newton, 35 Marquardt
waz3d Newton As LHBTUNALDIAIDLIANTUE

MuINIaURAEAINLNNT converge 11 ‘A1n1sn

y
finasiintu Tag

221 nsdl Uupy Monomolecular fiianAsn
fulned5p09 Fekedulegn Wudn Wil n = 100 334
i pAe 38 Marquardt #¥1uaussuedsiinuns con-
verge 1 Amnanflmastiondl awiniu 4834 80U

222 n3dl uyy Monomolecular fiianAsn
#iulaeld Grid search wudn il n = 100 3577 ¢
D 35 Marquardt fis urusauiadsfinun1s converge
v Amnsfimeideni awiniu 47.98 8u

5. JUNaN15I98 aAUTwHa uasiial usuue
5.1 JUNAN19INW
1. gUlUY Negative Exponential
#nsunanasidudfinunis converge
JUlUY Negative Exponential Wa3sns
\AanAsusiulaeivey Fekedulegn wazn1staandn
Susiulaeld grid search a:lvinaludnsasiguioniu
Ao snunzessiedadiniuasi e Siudiing

JUf 9 danasnduleald Grid search

M3 converge 141 Amwifwesiindulasnsdifiien

a v

ASuiulaeisveg Fekedulegn Wi n = 100 wuia
357 A5 Marquardt uaz35 Newton Taed
WosiFudfiwums converge 100 wWasidus v 2 53
nsaiiienAsudiulaeld Grid search 1ila n = 100
WUI135 Gauss Newton, 35 Marquardt 1Laz35 New-
ton fasidudiinunis converge wiiu 100 Wasidus
W9 3 33

RNIUNINTIUTOURRBTNUNT con-
verge i Amwidines

nacl JUuuy Negative Exponential fivdan

aa

ASudulaeduey Fekedulegn wudn e n = 100
AB0AN RS Marquardt Suausau@ABinums
converge i ‘Fmwnflimasliosdl awinfiu 41.49 501
n3al JUuuy Negative Exponential fidenASusy
Tneldf Grid search wu3n Lila n = 100 3377 AAD35
Marquardt f41uausauiadsinums converge 1
Amnivesiosdl aviniu 39.58 sau
2. 31uuy Monomolecular

Rnsannwesidudfinuns converge

n3dl 3UuuY Monomolecular fitdendnisx
#ulneA3on9 Fekedulegn wudn e n = 100 Woid
Gauss Newton, 35 Marquardt 1az35 Newton &
wWasidudfinunis converge laiuandreiuAawindy
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-

86 99 3 33 nsell JUuuy Monomolecular fiLden

@ acda

WSudulasld Grid search wuiniila n = 100 357

a &

A
i ARpA5 Marquardt a5 Budiinuns 98 wasidus

NMIURNIIUIUTBVLRABTNUNIT con-
verge 1 Amnidines

n3dizUuuy Monomolecular fildanA5H
#ulneiFoay Fekedulegn Wudn il n = 100 3574
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