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fa(x1,%2,..., %) = 0 => Min. fE+ f2 + - f2
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(%, + x, - (1 — exp (x1 — (x5 - (0)x4))) —51.61=0
(

x4 %, (1—exp(x; — (x5 - (9.78)x4))) ~5191=0

g
X+ X, - (1 — exp (x1 — (x5 - (30.68)"4))) —5327=0
(X1 + x5 - (1 — exp (x1 — (x5 - (59.7)x4))) —59.68=0

01 21-1

(21-1)

MinFunction

1stOpt
51.91)"2+(x1+x2*(1-exp(x1-

(x3*(30.68)"x4)))-53.27)"2+(x 1 +x2*(1-exp(x 1-(x3*(59.7)"x4)))-59.68)"2;

(x1+x2*(1-exp(x1-(x3*(0)"x4)))-51.61)"2+(x1+x2*(1-exp(x1-(x3*(9.78)"x4)))-

VARIABLES x1,x2,x3,x4;

Baron
51.91)2+(x1+x2*(1-exp(x1-

(x3*(30.68)"x4)))-53.27)"2+(x 1 +x2*(1-exp(x 1-(x3*(59.7)"x4)))-59.68)"2;

OBJ: minimize (x1+x2*(1-exp(x1-(x3*(0)"x4)))-51.61)2-+(x 1+x2*(1-exp(x1-(x3%(9.78)"x4)))-

Lingo min=(x1+x2*(1-@exp(x1-(x3*(0)"x4)))-5 1.6 1 )" 2+(x 1 +x2*(1-@exp(x1-(x3*(9.78)x4)))-
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5191 2+(x1+x2*(1-@exp(x1-
(x3%(30.68)"x4)))-53.27)"2+(x 1 +x2*(1-@exp(x1-(x3*(59.7)"x4)))-59.68)"2;
@Free(x1);@Free(x2);@Free(x3);@Free(x4);

£ 2. =mIELHEFEA
( 0 0.0292=0

X1'X2°X3
1.0 2—-502 3-5028
— + ~6.17=0 (21-2)
X1°X2 X1'X3 X2:X3°X1
2.0 2—502 1.0
=+ +=-786=0
X2 X3:X1 X1
A5 21-2
IstOnt MinFunction (1.0/(x1"2*x2*x3)-0.0292)"2+(1.0/(x1 *x2)+(2-5028)/(x1"2*x3)+(3-
stUp

5028)/(x2*x3*x1)-6.17)"2+(2.0/x2+(2-5028)/(x3*x1)+1.0/x1-7.86)"2;

VARIABLES x1,x2,x3;

Baron OBI: minimize (1.0/(x1"2*x2%x3)-0.0292)"2+(1.0/(x 1 *x2)+(2-5028)/(x 1°2*x3)+(3-
5028)/(x2*x3*x1)-6.17)"2+(2.0/x2+(2-5028)/(x3*x1)+1.0/x1-7.86)"2;

min = (1.0/(x1"2%*x2%*x3)-0.0292)"2+(1.0/(x1*x2)+(2-5028)/(x1"2*x3)+(3-5028)/(x2*x3*x1)-
Lingo 6.17)"2+(2.0/x2+(2-5028)/(x3*x1)+1.0/x1-7.86)"2;

@Free(x1);@Free(x2);@Free(x3);

3. =nIEREAREA
xq - exp(—x, - 7.85) + x3 - exp(—x, - 7.85) — (28.9) =0
— 2. exp(—x, - 7.85) — = - exp(—x, - 7.85) — (500) = 0
5 (21-3)
é -exp(—x, - 7.85) + é -exp(—x, - 7.85) — (233) =0
x; - exp(—x, - 15.85) + x5 - exp(—x, - 18.5) — (20.9) =0

19 21-3

MinFunction
(x1*exp(-x2*7.85)+x3*exp(-x4*7.85)-(28.9))"2+(-x1/x2*exp(-x2*7.85)-x3 /x4 *exp(-x4*7.85)-
(500))"2+(x1/x2"2*exp(-x2*7.85)+x3/x4"2*exp(-x4*7.85)-(233))"2+(x1 *exp(-
x2*15.85)+x3*exp(-x4*18.5)-(20.9))"2;

VARIABLES x1,x2,x3,x4;

OBJ: minimize (x1*exp(-x2*7.85)+x3 *exp(-x4*7.85)-(28.9))"2+(-x1/x2*exp(-x2*7.85)-
x3/x4*exp(-x4*7.85)-(500))"2+(x1/x2"2*exp(-x2*7.85)+x3/x4"2*exp(-x4*7.85)-
(233))"2+(x1*exp(-x2*15.85)+x3*exp(-x4*18.5)-(20.9))"2;

min = (x1*@exp(-x2*7.85)+x3 *@exp(-x4*7.85)-(28.9))"2+(-x1/x2*@exp(-x2*7.85)-
x3/x4*@exp(-x4*7.85)-(500))"2+(x1/x2"2 *@exp(-x2*7.85)+x3/x4" 2 *@exp(-x4*7.85)-
(233))2+(x1 *@exp(-x2*15.85)+x3*@exp(-x4*18.5)-(20.9))"2;
@Free(x1);@Free(x2);@Free(x3);@Free(x4);

1stOpt

Baron

Lingo

4 4. ARSHEHA R
WE A
by

Y= 14b,-exp(b3-x)+bs-xPs (21-4)




% 21.1 BUE:

X 1,3,6,9,12,15,18,21

y 5.3,9.6,23.2,50.2,92,131.7,203.2,281.4

A% 21-4

Constant x=[1,3,6,9,12,15,18,21], y=[5.3,9.6,23.2,50.2,92,131.7,203.2,281.4];

1stOpt
P MinFunction Sum(x,y)((b1/(1+b2*exp(b3*x)+bd*x"b5)-y)"2);

VARIABLES b1,b2,b3,b4,b5;

9.6)°2+(b1/(1+b2*exp(b3*6)+b4*6"b5)-

Baron 23.2)"2+(b1/(1+b2*exp(b3*9)+b4*9b5)-50.2)"2+(b1/(1+b2*exp(b3*12)+b4*12/b5)-
92)"2+(b1/(1+b2*exp(b3*15)+
b4*15°b5)-131.7)°2+(b1/(1+b2*exp(b3*18)+b4*18b5)-
203.2)"2+(b1/(1+b2*exp(b3*21)+b4*21%b5)-281.4)"2;

OBJ:  minimize  (b1/(1+b2%*exp(b3*1)+b4*17b5)-5.3)"2+(b1/(1+b2*exp(b3*3)+b4*3/b5)-

Sets:
Dat/1..8/:x,y;
Par/1..5/:b;
EndSets
Data:
x=1,3,6,9,12,15,18,21;
y=5.3,9.6,23.2,50.2,92,131.7,203.2,281 4;
EndData
Min = @Sum(Dat: (b(1)/(1+b(2)*@exp(b(3)*x)+b(4)*x"b(5))-y)"2);
@For(Par: @Free(b));

Lingo

b1 5. NSHELA R A

E RSV
y =by - (1 —exp(=b; - (bs + x - exp(b, - x))?)) (21-5)
% 21.2 #d:
X 0,80,100,120,150
y 2195,4265,4824,5143.5,5329
b 21-5
Constant x=[0,80,100,120,150], y=[2195,4265,4824,5143.5,5329];
ConstStr f=b1*(1-exp(-b2*(b3+x*exp(b4*x))"2));
1stOpt Parameter b(4);
Plot x[x].y.f;
MinFunction Sum(x,y)((f-y)"2);
VARIABLES bl1,b2,b3,b4,b5;
Baron OBI: minimize (b1*(1-exp(-b2*(b3+0*exp(b4*0))*2))-2195)"2+(b1*(1-exp(-
b2*(b3+80*exp(b4*80))2))-4265)"2+(b1*(1-exp(-
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b2*(b3+100%exp(b4*100))12))-4824)2+(b1*(1-exp(-b2*(b3+120*exp(b4*120))"2))-

5143.5)2-+(b1*(1-exp(-b2*
(b3+150%exp(b4*150))*2))-5329)"2;

Lingo

Sets:
Dat/1..5/:x.y;
Par/1..5/:b;
EndSets
Data:
x=0,80,100,120,150;
y=2195,4265,4824,5143.5,5329;
EndData
Min = @Sum(Dat: (b(1)*(1-@exp(-b(2)*(b(3)+x*@exp(b(4)*x))"2))-y)"2);
@For(Par: @Free(b));

bl 6. LSHHIEH B

ME A
y = by + by - exp(—0.5- ((x — b3) - by) - xPs) (21-6)
% 21.3 ¥l
X 1,2,15,22,31,42,49,57

y

79,163,20584,70601,194743,406816,510589,599586

014 21-6

1stOpt

Constant x=[1,2,15,22,31,42,49,57],
y=[79,163,20584,70601,194743,406816,510589,599586];

ConstStr f=b1+b2*exp(-0.5*((x-b3)*b4)*x"b5);

Plot x[x].y.f;

MinFunction Sum(x,y)((f-y)"2);

Baron

VARIABLES bl1,b2,b3,b4,b5;

OBJ: minimize (b1+b2*exp(-0.5*((1-b3)*b4)*1b5)-79)"2+(b1+b2*exp(-0.5*((2-b3)*b4)*2"b5)-

163)"2+(b1+b2*exp(-0.5*((15-

b3)*b4)*15b5)-20584)"2+(b1+b2*exp(-0.5*((22-b3)*b4)*22b5)-70601)"2+(b1+b2*exp(-

0.5%((31-b3)*b4)*31/b5)-

194743)2-+(b1+b2*exp(-0.5%((42-b3)*b4)*42/b5)-406816)"2+(b1+b2*exp(-0.5*((49-

b3)*b4)*49b5)-510589) 2+
(b1+b2%exp(-0.5*%((57-b3)*b4)*57b5)-599586)"2;

Lingo

Sets:
Dat/1..8/:x,y;
Par/1..5/:b;
EndSets
Data:
x=1,2,15,22,31,42,49,57;
y=79,163,20584,70601,194743,406816,510589,599586;
EndData
Min = @Sum(Dat: (b(1)+b(2)*@exp(-0.5*((x-b(3))*b(4))*x"b(5))-y)"2);
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‘ @For(Par: @Free(b));
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[E) 110 - ¥o. 21-5: Bar
@111 - No. 21-6: Lin. @ & |~ |~ [ BESE X

Bu2 - Yo 217 st Stop Reason of Computation: Convergence tolerance reached

5] %o 210 L Alg thms: Universal Global Optimization(UGOl)
Dii; - ¥ 2:-10» ;n i ((C((({(bl+b2%exp (-0.5* ((1-b3) *b4) ¥1°bS) ) )=79) ~2) ) ) )+ { (({( ( (bL+b2*exp (-0.5* ( (2-b3) *b4) ¥2°b5) ) )-163) 2)) ) ) +
o = (((((((bl+b2*exp(-0.5* ((15-b3) *b4) *15°bS) ) ) -20584) *2) ) ) )+ (((( ( ((b1+b2*exp (-0.5* ((22-b3) *bd) +22°b5)) ) -

70601)72))))+(((((((bl+b2*exp(-0.5* ((31-b3) *b4) *31b5) ) )-194743)72))) )+ (((((((bl+b2*exp(-0.5* ((42-b3) *
b4) *427b5) ) ) -40681€) ~2) ) ) )+ (((((((bl+b2*exp(-0.5* ((49-b3) *b4) *49°b5) ) ) -510589) ~2) ) ) ) + (((((((bl+b2*exp(-
0.5*((57-b3) *b4) *57bS5) ) ) -5 )*2)))

Objective Function (Min.): 39-}("'-1:5.5069:154

bl:
b2:
b3:

B 117 - Fo. 21-11: Li

E 118 - No. 21-11: 1s
118 - No. 21-11: Ba.

B 120 - Wo. 21-11: Li.
©121 - No. 21-11: 1s...
(£122 - No. 21-11: Ba
3123 - No. 21-11: Li...
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Lingo 19.0 - Lingo Model - Lingo1 - a X
File Edit Solver Window Help
DilES] @ 2| vEof [ K(mx| 2[B[E 2l
Lingo Model - Lingo1 @@
Sets;ac/l. .8/:x,y;
Par/l1..5/:b; Solver Status Variables
EfGSets Model Class: NLP ek 2
Data: Nonlinear:
x=1,2,15,22,31,42,49,57; State: Local Opt Integers: 0
y=79,163,20584,70601,194743,406816,51 e
EndData Objective: 1e+030 Constraints
Min = @Sum(Dat: (b(l)+b(2)*@exp(-0.5* Infeasibility: 1 Total: 1
@For (Par: @Free (b)) ;| Nonlinear: 1
Iterations: 35114499
Nonzeros
Extended Solver Status Totali 5
Solver Type: Global e 2
Best Obj 3.3956e+008 Generator Memory Used (K)
Obj Bound: 0 25
Steps: 2172 Elapsed Runtime (hh:mm:ss)
Active: 2153 00:14:24
Update Interval: lz— Interrupt Solver Close
Solving ...
21.6 Lingo &7 71 (%45 6)
R 214 BH 1 BEH| 3
RO | KAEAS H b 8 B ZHUH i fa) Cs)
x1: 51.1447778118045
x2:-2.85604889271857E-23
1stOpt 3.31384689065243E-23 «3: -0.0537307155917353 2.0
x4:0.976132921548582
x1:-0.297065175288340
x2:205.19360031336955
1 Baron 1.00193889658444734 %3: 4.118365892489426-08 3733
x4:3.4235425211167567
x1: 0.52655874679150E-05
. x2:-9818927.865148257
Lingo 2.067250347590230E-02 «3: 0.000000000000000 7.0
x4:2.426163090872998
x1:0.137933869865434
x2:-0.32975496563992
x3:-5458.62762032179
1stOpt 3.15574454743786E-30 Y, 1.0
x1:0.149818369792421
x2:-0.329754082612954
2 x3:-4626.97159302453
x1:0.174143666199288
Baron 0.13111657388784E-04 x2:-0.349598074990797 30.84
x3:-3681.901330737498
x1:-3331.561531660097
Lingo 0.8526184713249528E-03 x2:0.3514317281900805 2.0
x3: 0.6954343796360525
x1:184.069843108885
3 1stOpt 6.72374750460848E-22 «2: -0.0300532472870502 3.5




x3
x4

:-163.682244597173
: -0.0281408465204965

Baron

204630.63768683356465

x1

X2:
x3:
x4:

:1-23.737189339961297
2.62888570049225744
2.45768970355532578
-0.1953337450639880

8.36

Lingo

305561.0200000179

x1:
x2:
x3:
xX4:

1.049177895822427
3.059765149832888
1.049176534335488
3.059780231627593

2.0

#2155

EIEEEIE

£l

R A

BRI

ZHE

AR (s)

1stOpt

53.9603787386462

b1:
b2:
b3:
b4:
b5:

-1026.62715287643
4149.90879430962

-1.52092047955974
-1100.98425640174
-1.79632329401526

1.5

Baron

81.475417338346105

bl:
b2:
b3:
b4:
b5:

1682.686058378245
90.17685490484639
-0.18738824711586
824.3798680757950
-1.82181154488073

123

Lingo

78.211414355646610

b1:
b2:
b3:
b4:
b5:

-796.130113103910
2061.121327511277
-131878.216985006
-725.776298124389
-1.72333611945914

3.0

1stOpt

486.303333632765

b1:
b2:
b3:
b4:

5334.13480822052
1.28367844276855E-5
203.202062883217
0.00796475208234289

1.0

Baron

3827285.6373798139

bl:
b2:
b3:
b4:

10436.416489583209
2.0075252081026e-05
82.545971799810388
0

80.0

Lingo

6464000.8000000548

bl:
b2:
b3:
b4:

4351.30000000000
128.973155958058
256.711744116116
1.23456780000000

1.0

1stOpt

39467465.9069593

bl:
b2:
b3:
b4:
b5:

693009.017037375
-692374.323451058
97.6034475011618
-2.62805481182777E-8
3.74286840372989

3.0

Baron

76030760216.84008

bl:
b2:
b3:
b4:
b5:

498195.00990896683
-12031358297064.77
-275.4888133673362
0.1236925081781414
-0.0149139347921601

27.6

Lingo

339559753.89956278

bl:
b2:
b3:
b4:
b5:

5448.942696919424
0.5508944446506E-08
3.43371351197433
-78.9545521871457
-1.03413603964556

29.7
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