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Using SAS/STAT to Solve a System of
Nonlinear Equations

Yun-Seok Nam
Electronics and Telecommunications Research Institute
Tae-Kyoung Cho + Kyu-Bark Shim

Detp. of Statistics and Information Science at Dongguk University

Abstract

There exist many computer algorithms to solve a system of nonlinear equations.
But in case nonlinear equations are complex it is not easy to solve a system of
nonlinear equations. In this paper we consider the method of using NLIN
procedure in SAS/STAT to solve a system of nonlinear equations.
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At o2 ouls 49 Newton WH, TR, o
WAAAY ZAEE F& 4+ Uk 11’4‘4 Folxl w3
A5 o2l BYUES AHEEY ZAEE FIROE Aol 4x @t

Aol A AL FAHAHA B oldox FX A AZES I Mathematica
2 A £2ZE0]A SAS/ETS 5 FAAN AZEY OIS o]L3d nAE HA 2
Aol ZAE 78 2 oy, tEEY SAS ALAE 2AE o7 7}A] o]G2
Mathematica ¥ SAS/ETS § HIAY BAAA 2A)E 787 Yot A2z Eg o]
g 273 & A9 Bot o] FaiEd dEHee Ay = Ao

YA o2 SAS o] &AEo| s Wol ARSI YE SAS/STATIHAHE NLIN
procedureE ©]&3te] HAHY FHARYE FAHsE Jou, ol Fol AREE o
St HAHY AR AARSFE F4387] Y3 "Aolx v|AY HAA =
T3he AL olyr}, 3, SAS/STATE NLIN procedurel = 8] M & A2 o] st
Ut EAsts B ndE AARYY B4E e At wa A E T8t
= W2 SAS manualdl 2708wk o} BlAE wAAA ZAEE Tabs] o
& o] A& A& AldlE obF AgtE uk gt
B =&8dAE SAS/STATAA HAE 3ARYEY] BE4E 2 98 o] 43

S

of N g WAAA L ZAE Fate WEe 28R S

ol A, Bl WAAA ZAHE Fak7] 9 SAS/ETS T2ade Ldfs
i, SAS/STATS Z21HE AU Pth o2, SAS/STATE o] &3 o] o=
e BT S8 F A A dE B1 7 e 73 29 w2y

53] BlAd¥ WAAA FHSGELESSI TFE A 2AEE FEE AL o)
F o8 $u SAS/STATO WHFE FEBIFSES ol &3 Yurx wdn 47
TAE 7 5 UASE BHY

2. SASE ©o]&3 3

nRel WA xy, xp, -, x,00 BE opM WA S £ f,, o, fLO2

Hol JE (nxn) P vAY BHAAS G5} Zo] Jehx},
fl(xl, X9, **, xn)=C1

fz(xl! X9, °°°, xn)=C2 (2“1)

fn(xlv x2; T, xn)zcn
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A7 ¢, ¢, v, = Aol

e HAg HAAAY ZAEE FRvE AL 4 BAAE A HFHes T

X]Z"— X1, X9, °°°, xn-4 :L}\]’%):o :T_LB_]'“:‘C Z\O]E}'

2.1 SAS/ETS9] o] & :

SAS/ETSE ZAARA d2 A4 2 JARY T AAE AR B4 F2 2olE
EALZEololth watA, o] 71x] WHE Aol dHBAE EHst=d K&
t}. SAS/ETSAA Al&38+ procedurer <8 7FA7F 1oy, MODEL procedure®
ARgE] Bl A A Y ZAEE T8 F dTh
A QDI 2 P vAdd BAAAY AE T AR SAS’ETS ZZ YR
<:l.% 2f1>3’*]' %‘.‘E]'

DATA nlineg; =
INPUT x; 23 - X5
CARDS; '
starting values

PROC MODEL DATA=nlineq;

EQ.eql= fi(x1, X2, ***, %,) — €15
EQ.eq2= fo(x;, %3, ***, Xn) — Co
EQ.ean= £, (%1, %3, ***, Xp) — Cps
SOLVE %, #; -~ %/ SOLVEPRINT;
RUN;
< 38 2-1 > (nxn)8 vjdg Y™YAA S ZAE 517

(
28t SAS/ETS =23

<adg 2-1>9 Z2add e DATA setdld W5 x, xp, -, x,°0 g 49
o] %7)Z(starting values)& AAT £ Qr} o] T2 aWG APste do|z Ao
Me Ttz sk BW‘* Agurg e 2l olejo= AdAe Zrgd wet 4
ol AT BAF 27]Fk Abol9] ZA}ik(residual value)ol & B

2 79 o) A EQ. delel Wag AHgste AL WYY A R AR
ZAoltl, SOLVER S AL&3te] 2Als]E Tatna dte mASEL AR 4 glon,
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x| g9l ZAME £83l7] YA SOLVEE S $4 o2 SOLVEPRINTE Ap£3t
t}. SOLVE#& ZAHslE 387 98l JACOBI, SEIDEL, 183 NEWTON# zZ<
A HEALL BHE T T JHAE AHIA AL 4 JATHSAS/ETS, 1994).
EAM e AR god AFog NEWTONS =#d-& Mesict

2.2 SAS/STATS9] o] & :

NLIN procedure® ©l-&3te] HAdE wAAA e ZAeiE F317] Halxes vAd
FAAAE vAE AARFY Iz WFAAE stm A58 F(indicator variable)
g o] &3tH olAe] Jb53ith

HAE 2y, 2, v, 2, & FANME BEE da, ¢ i
AL Aed 2, =1, 2, -, 0,8 5EAFES 3 <X 2-1>F 22 ARTEE
e 5 A

< Z 21> XEREX

y 3! 29 2y
5] 1 0

Cy 0 1 0
Cy 0 0 1

<E 2-1>9 ABTEE ogdd 4 @D (axn)¥ WHY WAAAS e
e ndy 9ARYe gz AFND + o

y1=]§‘f](xla x2’ "ty xn)zj+€1, Zz]-; 2; ”‘9” (2_2)

oﬂﬂﬁ 6,'"5: ,9._}'_"501‘.

2] (2-2)e] W3] NLIN procedure= 2.2 AF<] 3

ge?= ,Zi(y"_,gff(xl’xzy“',xn)zf)z | (2-3)

HLER st UAF x, x5, v, %,9 FES FAXNZ I 2 (2-3)F Ha

2 &= A F X1, X, °*°*, xng THES F3}7] &A= f,’(xl,xz,’",xn)o] B

tlo
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A WA AS guixgom wrEAMS Fe® v}, NLIN procedure® a9
A7VA] drEAA B 3 MR E AgEtd AR 5 gl

- modified Gauss-Newton method (METHOD=GAUSS).

- Marquardt method (METHOD=-MARQUARDT).

- gradient or steepest-descent method (METHOD=GRADIENT).
- multivariate secant or false position (METHOD=DUD).

7} el A AE W £-& Kennedy and Gentle(1980), Ralston and Jennrich(1979)
a8l SAS/STAT(1994)5 & =28 4 Ut

DUD(Doesn’t Use Derivatives)3H#2 #1913 Yz HHEL
239y RFEA dig HESgFES P92 A% DUDHHLS #H
A gomzg FolA Ay FARFPo wWig EFsd EFE

F3t7) ojel & ZF DUDMEE AH&sts Ao #esinh.

SAS TN 54 wEANLES Hestx) ¢ow NLIN procedures 2

sog DUDHES Adst w2 Ade Zad 27¢ES PARMSEH A3s%
g At '

NLIN procedures ol €3t 4 (2-1)9] (nxx)¥d vAE HA2Ad 234 v]A
T X, X2, v, %,9 TAMRE FAE] 9% SAS/STAT T2y <29 2-2>
o} 2t

DATA nlineq;
INPUT z1 22 *** zZn Vs

CARDS ;

1 00 « 0«
010 - 0 ¢
0 00 -+ 1 co

PROC NLIN DATA-=nlineq;
PARMS X1=ap xo=az °*** Xn< anv
MODEL y= fi(x1, X3, ", Xp)*zi+ folxy, X3,", Xp)*z2 + -

+fn(xlr x2’.“’ xn)*zn;

RUN;

< 33 2-2 > (nxn)8 v|dE ARLHAMA S ZAlE 7317 98
SAS/STAT =213
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o] Al

31 FAGERIGFIL TR B AL

2 =FoA Aest SAS/STATH A NLIN procedure AF&9 ¥ e <dolrnr] ¢
8] Faires 5(1993)0] AF&3 th&9 (3x3)8 w|Ag WAL ZAHE Foo B
2}, .

3x, — cos (x1x2) = 0.5
—81(x,+0.1)%+ sin(x3) =— 1.06 (3-1)

e L 90x,+ (107—3)/3=0
Fairs ¢ 848 #4244 3-1)9 2412 zAAWH Newton & o] &3]
3 v 9. =T A e Fairs 59 73 ZAlsle} SAS/ETS % SAS/STATE
gt T8 ZANE wmate] ¥ s

e

HAE HAZAA B-1DY 2AE #8798 x4 =0.1, x=0.1, x3=—0.1
g xU|go 23l FA3 SAS/ETS 233 9 SAS/STAT Z2ade 74zt <
Y 3-1> 28z <a2g 3-2>¢ Zr}h '

DATA nlineq;

INPUT x1 x2 x3;

CARDS;

0101 -01

PROC MODEL DATA=nlineq;
EQ.eql=3*x1-COS(x1*x2)-0.5;
EQ.eq2=x1#*2-81%(x2+0.1)**2+SIN(x3)+1.06;
EQ.eq3=EXP(x1*x2)+20%x3+(10*(GAMMA(0.5))**2-3)/3;
SOLVE x1 x2 x3 / NEWTON SOLVEPRINT;

RUN;

< 23 3-1 > 8|ME SHAA 3-1)2 2AE F3517] ¢
SAS/ETS =233

o
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DATA nlineq;

INPUT z1 22 z3 v;

CARDS;

100 05

010 -106

001 0

PROC NLIN DATA=nlineq;

PARMS x1=0.1 x2=0.1 x3=-0.1;

MODEL y=(3*x1-COS(x2%x3))*z1
+(x1*x2-81%(x2+0.1)**2+SIN(x3))*z2
+(EXP(-x1%x2)+20%x3+(10*(GAMMA(0.5))**2-3)/3)*23;

RUN;

< 3% 32> H| M8 UHAH B-1)2 SAHE PSP fIE
SAS/STAT =213

<19 3-1>¢ SAS/ETS Zzade Adfsid ZAE] x1=05, x2=-6.71E-18,
x3=-05236 oleelE Rzt x1=-04, x2=0.1, x3=04236% L& F Y&, o #F

Fatmat sk wAE APwgAAe] ZAsie 271X Apol o] FAFkolth
9lo) SAS/ETSS SAS/STATS Z2aWE o]&3td Ao ZAESY nAAHIG
Newton®] Hr# o2 T3 ZAMs](Faires$(1993)E <X 3-1>3% 2o

< E 3-1>u/d8 ™A B-1)2 ZAtsl vl

HHE gl X X9 X3
IAREY 5 0.50000000 0.0000002 -0.52359877
Newton®] =3 5 0.50000000 0.0000000 | -0.52359877
SAS/ETSe] & %9 5 0.5000 -6.71E-18 ~-0.5236
SAS/STATo] & W 5 0.5000000000 | -0.0000000000 | -0.5235987756

32 FHIABLEYFIL 8 B /
A WA A A FABEEYE X3P n ZAEE EA8E A ¢ SAS/STAT
| 93 FHSESEIISS ol &3tH &9 W 44 2AEE 7 g

Qe 2ol THIEREA EFE @xDF NAF AN 2AAE Feho]
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f_;ﬁe dt—X2=0

"oy cos(e) =0 (3-2)
N 1—(2) COS (X9

4 (3-2)¢] ZAE F3817] A% SAS/ETS Zzade <ag 3-3>3% 2t

DATA nlineq;

INPUT x1 x2;

CARDS;

00

PROC MODEL DATA-=nlineq;
EQ.eq1=PROBNORM(x1)-x2;
EQ.eq2=PROBGAM(x1, 2)-COS(x2);
SOLVE x1 x2 / SOLVEPRINT;
RUN:

< 3% 3-3 > FOA | ME W™HAA (3-2)2 ZAHE
T5t= SASETS =213

<a2¥ 3-3>& YT A ol <a¥ 3-4>9 L error message’t SASY
LOG 3ol yeltom SOLVEEOA A48 4 9le 37FA] 9+E A4, JACOBI,
SEIDEL, 28|22 NEWTON =5 2Atslg 73t 23},

ERROR: The NEWTON method Jacobian matrix
of partial derivatives of the equations with
respect to the variables to be solved is singular
at observation 1, for iteration 2. The system of
equations cannot be solved.

ERROR: NEWTON method failed for observation
1 at iteration number 2. Solution aborted.

< 3% 3-4 > SAS/ETSE 0| 8&3t0{ <2 3-3>2 Zzaze
MAIsto e A

[=—gare——
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9o Fojd vHAFE LANA (3-2)9 ZANE 27N} x,=0, x=022 3t
T3t7) 938 SAS/STAT Z21HL <29 3-5>¢ 2o}

DATA nlineq;

INPUT z1 22 v;

CARDS;

100

010

PROC NLIN DATA=nlineq;

PARMS x1=0 x2=0;

MODEL y=(PROBNORM((x1)-x2)*z1
+(PROBGAM(x1, 2)-cos(x2))*z2;

RUN;

<19 3559 Tzadg 448 A% 69 FRANE B4 ded 2e SANE
ek, |

x1=1.894069835,  x,=10.970892130

_}I\_
olEE *1i 1 g5}od /\}%o}‘_ _LXUP e ZAE dE —’F Aes T

4.4
2 gt B4@ Yes) wA $44A 2ANE SAS/STATE o] &4}
o e Pobmsith ol @ wsh Lol MAR WH2A TAHAE o2
AR +AAe) AE ol gate] T +E 901, Mathematicalt SAS/ETSE o2l
% Ef01E Agdte T3 4% Aok 22, Newtondd B3 2e &

AN P duEF 75 ol g T2 FHP9 ool AL, Mathe-
maticat} SAS/ETS% ol &3t A& AT 2ZES S dFH Bid A7 3o
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ALg37]o BH o] St

adg HolA, SAS A& FrU f4A HE £ ' SAS/STATE AHE3t H|
Ay HAAA Y 28 E 7 7 Ave AL 97 Ao st

Ty B EEA A SAS/STAT Algoz 942 HAE wAAAe] ZA}
o dig X £ AAe 2 Hrlel A EAE 5 dFHAR F7I
a2 gk
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