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MANHIN N

v ' é’ 5
Tumanuanfiuaassivazideananmsdsendurinastiunmamasvosilymsmuams
! v SR
ligadumelditen lvifaduFadulasimsFonld3imsdumuduiaaniiinsaminaman

néouitanadnia 180 19 s unsy General Algebraic Modeling System (GAMS) ¢1451¢

2
7Z
+ 6x; + 5% - 4x] =313

v
AZIDUAVDIAAZAIDI1IAIT]

it NLP1 :

msimgagavesilas

meldou'ly

fvualdgasudui x = (0,0

' o A
ANMENVBITTEEY9Ada 11

ma‘l‘nmsﬂummauiﬂmﬁ golden segf !ﬂEEIiP

g k ( k) e — — k+1 idual
5 Slx 0’ \ X residua

(0.00,0.00) 0.00 (6.00.3.00) (2.00,0.00)  0.37498 1|

(0.00,1. 50) 0.439374 (0.42,0.66) 0.988575

(0.75,0.00) 228 (0.00,7.25)

(0.42,0.66) 4.6 74,0.53) 0.448116
(0.74,0.53) 5. a@ § Vgﬁ ggﬁﬁ ﬁ%& %60,0.71) 0.321599
(0.60,0.71) 5.4 76,0.63) 0.247030

(0.76,0.63) 5 64 (1 79 3. 52) (1 Oﬁ 1 OO) 1 WOOO (1.00,F. OO) 0.610879
; " ! : i 0.000000

(0.75,0.00) 0.749962

N ON DB W —

optimal valué' z = 7.000000 at point ( 1.000000,1.000000)
relative error = 0.000000 %
accuracy = 100.000000 %



weldmsdunundulaengues Armijo ldnadnseail

Ed

49

koooxt f(xk) Vf(xk) a* ok 1 residual

1 (0.00,0.00) 0.00 (6.00,5.00) (2.00,0.00) 0.200000 (0.40,0.00) 0.400000
2 (0.40,0.00) 1.76 (2.80,6.20) (0.00,1.50) 0.200000 (0.32,0.30) 0.380000
3 (0.32,0.30) 3.03 (4.34,4.16) (2.00,0.00) 0.200000 (0.66,0.24) 0.396000
4 (0.66,0.24) 3.71 (1.47,5.53) (0.00,1.50) 0.200000 (0.52,0.49) 0.383200
5 (0.52,0.49) 4.56 (3.28,3.62) N .000000 (1.00,1.00) 0.983200
6 (1.00,1.00) 7.00 (1.00,2.00) (1.00,1.00) 0.000000
optimal value z = 7.000000 at pof

relative error = 0.000000 % acc

o ldmsgumudulaeii blsec

koo xF xk Vf g residual
1 (0.00,0.00) 0.00 (6.00,2800)F ¢ 00,]{,6 Vi ’t (0 0 (1.00,0.00) 1.000000
2 (1.00,0.00) 2.00 (-2.00,8.0 Q_;QQIﬁ ()84 .“‘ 59015 (0.54,0.69) 1.147537
3 (0.54,0.69) 521 (3.74,2 (2.000 Oﬁ 0.14 3 | (0.75,0.59) 0.309927
4 (0.75,0.59) 548 (1.76,3.72 0:60:1.50 05 00 (0.64,0.73) 0.252849
5 (0.64,0.73) 5.64 (3.09,2.5 { ) 0:098053 (0.77,0.66) 0.204976
6 (0.77,0.66) 5.76 (1.80,3.37) _{‘Iﬂﬁ}?ﬂ)ﬂ 000 (1.00,1.00) 0.572798
7 (100100) 700 (1,69200) (000, 56) o 9, (1.00,1.00)  0.000000

optimal value z = 7.000000.
relative error = 0.000000 %

o

9 SOLVE
MODEL MFD

) TRV U AR

****% SOLVER STATUS
**x* MODEL STATUS
##** OBIECTIVE VALUE
35 VARIABLE x.L independent variable
1 1.000, 2

SUMMARY

1.000

¢ OBJECTIVE»z

7.0000

1 NORMAL COMPLETION
2 LOCALLY OPTIMAL

DARERN az"lﬂ"imamaﬂmmzﬁqwﬁa z=7.0000 ﬁfgﬂ (1.000 , 1.000)



euyi1 NLP2 :

' OI v 1
mymadmigavesileidugaiseasd 2 —f(x)=—x1 & 2x2 =10x; = 5%

meldtenly X;+2x5 <12

SXI +X) <15
xIZO

50

k+1

k x* f(xk) Vf X

residual

2 (2.00,5.00) -30.50 (-8.00,0.00 )™ 0,307 (2.31,3.46) 1.846267
3 (2.31,3.46) -31.73 (-7.69.-18: 0), 0.00004 (2.31,3.46) 0.000075

I (0.00,0.00) 0.00 (-10400.-5000) £2.0f ') u (2.00,5.00) 7.000000

optimal value z = -31.730769%t udint 2 46150
relative error = 0.000771 %  a mg-‘ 9.999229;

»‘
>
=~
s )
»e
==
o RO

residual

(0.00,0.00) 0.00 (- 1(7'60 -5. 00) (2.00,5.00) 1 OOOOOO (2.00,5.00)

(2.00,5.00) -30.50 (-8.0 0.0 .20,4.00)
HEEnighng: 2
1 0) 00 29,3.56)

(2.20,4.00) -31

(2.36,3.20) -31.

(229.3.56) -31.73 (-7.71,-1.44)  (300,0.00) 0.040000  (2.3,3.42)
(2.32,3

AW IS NN INY IR
(2.31,3.45) -31.73 (-7.69,-1.55) (2.00,5.00) 0.008000  (2.31,3.47)
9 (231,3.47) -31.73 (-7.69,-1.53) (3.00,0.00) 0.001600  (2.31,3.46)
10 (2.31,3.46) -31.73 (-7.69,-1.54) (2.00,5.00) 0.001600  (2.31,3.46)

1T (2.31,3.46) -31.73 (-7.69,-1.54)  (3.00,0.00) 0.000320 (2.31,3.46)
12 (2.31,3.46) -31.73 (-7.69,-1.54) (2.00,5.00) 0.000320 (2.31,3.46)

OO\ DN BN —

7.000000
1.200000
0.960000
0.432000
0.170880
0.075955
0.033417
0.014851
0.006654
0.002957
0.001330
0.000591

optimal value z=-31.730769 at point :(2.307654,3.461728)
relative error = 0.004655 % accuracy = 99.995345 %



Y
U

WoldmsAumudulaeis bisection lanagniaadi

51

k xk f(xk) Vf(xk) a* ak xk+1

residual

1 (0.00,0.00) 0.00 (-10.00,-5.00) (2.00,5.00) 1.000000 (2.00,5.00)
2 (2.00,5.00) -30.50 (-8.00,0.00)  (3.00,0.00) 0.307678 (2.31,3.46)
3 (2.31,3.46) -31.73 (-7.69,-1.54)  (3.00,0.00) 0.000031 (2.31,3.46)

7.000000
1.846069
0.000127

optimal value z=-31.730769 at point :(2.30
relative error = 0.000864 %  accuracy = 99.¢

019 T51n30 GAMS S0

MODEL
TYPE NLP
SOLVER & ONORT /.

4% SOLVERST N
*+x+ MODEL SPTATIS" 2 LOCA
*##%% OBJECTIVE YALUB~
AT
---- 35 VARIABLE xi—independent variable

Y]

1 2308, (2

. a
»r =

08 Ny (2.3@ , 3.462)

AULINENINYINS

1NA1519 %z"lﬁ'dmamaﬂmmgmﬁa z=-—

PMIAANTUAMINYAE



iauvi1 NLP3:

' Jv d
mImmgagaveailanduyalszasn

meldiaenly

z= f(X)= XX + XpX3 + X3X]

x,+x2+x3 =3
XIZO
xZZO

52

residual

lol¥msdumudulaui go "'% “

f Wﬁ'\\\ N

1 (1.00,0.002.00) 2.00 (2.00,340 #00) “0.d0:3.80 ;r 357162 (0.64,1.07,1.29)
2 (0.64,1.07,1.29) 2.89 (2.36,1.98.1 41, ‘ a ”.\\ ;_ 53840 (1.01,0.91,1.09)
3 (1.01,091,1.09) 2.99 (1.99,2.09 91) (o0 z!,f ""~ 045077  (0.96,1.00,1.04)
4 (0.96,1.00,1.04) 3.00 (2.04,2.00,1.9 *:‘f‘ 0.0 0.019672  (1.00,0.98,1.02)
5 (1.000.98,1.02) 3.00  (2.00,2.02:498) 0.009292  (0.99,1.00,1.01)
6 (0.99,1.00,1.01) 3.00 S(3:61.2.00.1.69) (300 499 (1.00,1.00,1.00)
7 (1.00,1.00,1.00) 3.00 (1.00,1.00,1.00)
8 (1.00,1.00,1.00) 3.00 (2200200) (3.00,0.00,0.00) 0.00T105  (1.00,1.00,1.00)

9 (1.00,1.00,1.00)
10 (1.00,1.00,1.00)
11 (1.00,1.00

.00)

uebiirin L

optimal valueqz =3.000000 at point :(0.999891,0.999963,1.000146)

relative error =0.010718 %

accuracy = 99.989282 %

.00,1.00,1.00)

2.142971
0.725251
0.188725
0.080257
0.037514
0.018042
0.008918
0.004423
0.002078
0.001120




i v
Weldmsdumudulaengues Armijo ldnadnseisil

<%

k xX f(xk) Vf(xk) da* ak

xF+l1 residual

1 (1.00,0.00,2.00) 2.00 (2.00,3.00,1.00) (0.00,3.00,0.00) 0.200000

2 (0.80,0.60,1.60) 2.72 0) 0.200000
3 (0.64,1.08,1.28) 2.89
4 (1.11,0.86,1.02) 2.98

5 (1.07,0.95,0.98) 3.00

N

6 (1.02,1.03,0.94) 3.00 (I. 100.3:00) . 0:040000
7 (0.98,0.99,1.03) 3.00 )00,

8 (1.00,0.98,1.02) 3.00 921 38 (00 e“*u’\\ 0.008000
9 (0.99,1.00,1.01) 3.00 (2.0142.0041" (ﬁg 0.00 \ 00

10 (1.00,1.00,1.01) 3.00 (2.00,2 01600

11 (1.00,1.00,1.01) 3.0 (2.00,2.0041.99)7-(0.00,3.0 0:001600

12 (1.00,1.00,1.00) 3.00 (2.00,2.00,2.00)" 0.001600
13 (1.00,1.00,1.00) 3.00 (2:002:00, 0.00,3.00,0.00 506
14 (1.00,1.00,1.00) 3.00 (2.80,2.00,2.0( 30/

15 (1.00,1.00,1.00) 3.00 (2.&.00 2.00) (3.00,0.00,0.00) 0.000B
16 (1.00,1.00,1.00) 3.00 (2.00 f()ﬁﬂ 00) (0.00,3.0050/00) 0.000320

(0.80,0.60,1.60) 1.200000
(0.64,1.08,1.28) 0.960000
(1.11,0.86,1.02) 0.944000
(1.07,0.95,0.98) 0.170880
(1.02,1.03,0.94) 0.164045
(0.98,0.99,1.03) 0.164503
(1.00,0.98,1.02) 0.032259
(0.99,1.00,1.01) 0.032283
(1.00,1.00,1.01) 0.006426
(1.00,1.00,1.01) 0.006415
(1.00,1.00,1.00) 0.006415
(1.00,1.00,1.00) 0.006410
(1.00,1.00,1.00) 0.006410
(1.00,1.00,1.00) 0.001281
(1.00,1.00,1.00) 0.001281
(1.00,1.00,1.00) 0.001280

17 (1.00,1.00,1.00) ﬂouogoa &ﬂ ﬂmsow ﬂﬂzﬂ ii 00,1.00,1.00) 0.001280

18 (1.00,1.00,1.00) (2 00,2.00,2.00) (©.00,3.00,0. 00).:2 000064

optimal valu% :
relative error = 0. 016019 %

accuracy = 99.983981 %

(L %l 00 1.00) 0.000256




1 v
Weldmsfumudulaeis bisection lanadnisail

54

eooxb k) vr{x¥) a¥ o

xk +1 residual

1 (1.00,0.00,2.00)
2 (0.64,1.07,1.29)
3 (1.01,0.91,1.09)
4 (0.96,1.00,1.04)
5 (1.00,0.98,1.02)
6 (0.99,1.00,1.01)
7 (1.00,1.00,1.00)
8 (1.00,1.00,1.00)
9 (1.00,1.00,1.00)
10 (1.00,1.00,1.00)
11 (1.00,1.00,1.00)

2.00 (2.00,3.00,1.00) (0.00,3.00,0.00) 0.357147
2.89  (2.36,1.93,1.71) (3.00,0.00,0.00) 0.153839

299 (1.99.2.09,191) (0.00800,0.00) 0.045105

3.00 (2.042. .00, 0.019653

3.00 (2.00.2: 00.3. 0&09247

- )

3.00 y ' (3.00,0. ‘.{

3.00 (2. 0/00,3! n\b\:""

3.00 (24 ’ r '_Oh t\“\

3.00 (2.00°000.90)f (0700;3.00,0.00) %0.000549

3.00 (2.00 0)- _, 16.0.00)". 0 000275
000153

z

optimal value z =
relative error = 0.

{ol%1151n51 GAMS A

o

11

(0.64,1.07,1.29) 2.142883
(1.01,0.91,1.09) 0.725243
(0.96,1.00,1.04) 0.188844
(1.00,0.98,1.02) 0.080181
(0.99,1.00,1.01) 0.037332
(1.00,1.00,1.00) 0.018148
(1.00,1.00,1.00) 0.008931
(1.00,1.00,1.00) 0.004399
(1.00,1.00,1.00) 0.002198
(1.00,1.00,1.00) 0.001099
(1.00,1.00,1.00) 0.000610

3.000000 at poi : 7,00136)

011391 % accuracy="

V.L—: ’

-

MODEL M D IVE z

ma“mm Y %ﬁ?ﬁ“i

T SOLVER STATUS ] NORMAL@OMPLETION ﬁJ

SRR A A )

35 VARIABLE x.L independent variable

.000, 21.000, 31.000

N v idIwamanmingiigafio z=3.000 figa (1.000,1.000,1.000)

L]



5]

am1 NLP4: msmswingavesilsdfugadseasd 2= f(x)=(x; - x9)? +x
muldidouly X;+x3 21

x;+ ZX2 <3

20, % 20
fAvualiyasuduil x = (1,0) Wugaiiogluusnadiiuy1d
ANuEIvRITEEragada T vewsy 14 ka“ g H <0.001
iol¥msfunudulasds golden secb_:_H Wi
k Xk f(xk) AL ad* ﬂ xk+ residual
1 (1.00,0.00) 1.00 (0.72,0.42) 0.700038
2 (0.72,0.42) 0.5 (0.68,0.45) 0.076899
3 (0.68,0.45) 0.50 (0.71,0.41) 0.069333
4 (0.71,0.41) 0.50 (0.67,0.44) 0.065581
3 (0.67,0.44) 0.49 (0.70,0.41) 0.059999
6 (0.70,0.41) 0.49 ) (0.66,0.44) 0.057200
7 (0.66,0.44) 0.49 (0.4 O 4) .1( 00,0.00 (0.69,0.41) 0.052953
8 (0.69,0.41) 049" (0 0143)€(0.00,4.00) (0.66,0.43) 0.050808
9 (0.66,0.43) 0.48 (€ 00,0, 792 (0.68,0.40) 0.047471
889  (0.63,0.38) 0.44 (0.50, ‘.- (0.63,0.38) 0.001001
890 (0.63,0.38) (0.50,050)7 @ 0 (0.63,0.38) 0.001000

0.44

optimal value z=0.4384
ieldmsdumudulaong To, A

-

(0.80,0.30) U 55 (1 oo 0. 00)

(0. 00 1 OO) 0.200000 (O 64 0. 44)

3

ol e el

0.47
0.47
0.47
0.47

(0.51,0.49)
(0.49,0.51)
(0.55,0.45)
(0.44,0.56)

(0.00.1.00)
(1.00,0.00)
(0.00,1.00)
(1.00,0.00)

0.008000
0.040000
0.040000
0.040000

(0.66,0. 41)
(0.67,0.40)
(0.64,0.42)
(0.66,0.41)

residual

0.500000
0.300000
0.032000
0.030720
0.010102
0.010021
0.030296
0.050916
0.031121

......................................................................................................................................................

k x*

] (1.00,0.00)
4

3

4

5

6 (0.66,0.41)
7 (0.66,0.41)
8 (0.67,0.40)
9 (0.64,0.42)
443 (0.63,0.38)
444  (0.63,0.38)

0.44
0.44

(0.50,0.50)
(0.50,0.50)

(1.00,0.00)
(0.00,1.00)

0.001600
0.000320

(0.63,0.38)
(0.63,0.38)

0.001202
0.000400

optimal value z=0.439586 at point :(0.626887,0.377284)



Waldmsdumudulaeds bisection lanadniadl

9
=

56

k

k+1

k X f(xk ) Vf(xk ) da* ok X residual

1 (1.00,0.00) 1.00 (2.00,-1.00) (0.00,1.50) 0.279999  (0.72,0.42) 0.699997
2 (0.72,0.42) 0.51 (0.60,0.40) (0.00,1.00) 0.059174 (0.68,0.45) 0.076926
! (0.68,0.45) 0.50 (0.45,0.55) (1 .00,0. OO) 0.089203 (0.71,0.41) 0.069304
4 (0.71,0.41) 0.50 (0.67,0.44) 0.065589
5 (0.67,0.44) 0.49 (0.70,0.41) 0.060029
6 (0.70,0.41) 0.49 (0.66,0.44) 0.057217
7 (0.66,0.44) 0.49 (0.69,0.41) 0.052969
8 (0.69,0.41) 0.49 (0.66,0.43) 0.050805
9 (0.66,0.43) 0.48 (0.68,0.40) 0.047452
10 (0.68,0.40) (0.66,0.42) 0.045675
909  (0.63,0.38) (0.63,0.38) 0.001008
910  (0.63,0.38) (0.63,0.38) 0.000992

MODEL“MFD.
TYPE NLP
SOLVER CONOPT

|/ \J .
FROM LINE 34

M@MIZE

oY

R0 ﬂl@@%ﬁ“’fiﬂ@“

**** OBJECTIVE VALUB

W TRUPSDISET )]

0625, 2 0375

13N sz §ramanmingiqae 2 =0.4375 fign (0.625 , 0.375)

d



a1 NLPS: mismisigagavesilandugaiseemad

meldReuly

x;+9x; €12
-x1+9x2 <6

Xy 20 s X2 >0
mnualdgasudui x = (1,0.5) WugaiegluuSnadiiulylg

ANNMIVBITTIZHINgAda lURvensy 14 “xk” - xk” <0.001

57

z= f(x)=18x% —x12 +9xy %5 —9x§

X

k+1

residual

(8.18,0.17) 7.505932
(6.67,0.41) 1.749541
(7.90,0.32) 1.320732
(7.07,0.43) 0.940444
(7.84,0.37) 0.832603
(7.25,0.44) 0.665498
(7.81,0.39) 0.613911
(7.35,0.45) 0.518550
(7.79,0.41) 0.487887

.........................................................

k xk f(xk)

1 (1.00,0.50)

2 (8.18,0.17)

3 (6.67,0.41)

4 (7.90,0.32)

5 (7.07,0.43)

6 (7.84,0.37)

A (7.25,0.44)

8 (7.81,0.39)

9 (7.35,0.45)

4398 (7.74,0.47) 11036 (6.79,6
4399 (7.74,0.47) 1 10_,%6 (6. 79"6

: I
Lﬁ'e)“l%’nﬁﬁ’ummﬁ'uhﬂﬂmﬁ? Armljo Idmadnsa

(7.74,0.47) 0.001126
(7.74,0.47) 0.000940

k ﬁiﬂﬂ??ﬂﬂﬂ‘ﬁ‘wmﬂ‘ﬁ

residual
| (1.00,0.50) 19. 25 20.5 0.0.00 0,00) 11.500000
2 (12.00.0 M@sﬁ 33 ﬁi% E_lj'l 0) 2.000000
3 (1020,02 1.600000
4 (8.76,0.36) 108 16 (3.72,7236)  (3.00,1.00) 0.200000 (7.6 049) 1280000
5 (7.61,049) 110.33 (7.18,59.69)  (12.00,0.00) 0.040000 (7.78.0.47)  0.195200
6 (1.78.047) 110.36 (6.65,61.62)  (3.00,1.00) 0.008000 (7.75.047) 0.042522
7 (1.75047) 11037 (6.76,61.20)  (3.00,1.00) 0.001600 (7.74.0.47)  0.008436
8 (7.74,047) 11037 (6.79,61.12)  (3.00,1.00) 0.000320 (7.74.047)  0.001685
9 (7.74047) 11037 (6.79,61.10)  (12.00,0.00) 0.000064 (7.74.047)  0.000303

optimal value z=110.368421 at point :(7.736575,0.473714)
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k x¥ f(xk) Vf(xk) d* ak x**1 residual
1 (1.00,0.50)  19.25 (20.50,0.00) (12.00,0.00) 0.652679 (8.18,0.17) 7.505814
2 (8.18,0.17)  92.84 (3.20,70.49) (3.00,1.00)  0.291321 (6.67,0.41) 1.749618
3 (6.67,0.41) 9891 (8.39,52.58) (12.00,0.00) 0.229980 (7.90,0.32) 1.320963
4 (7.90,0.32)  101.54 (5.08,65.3 1.00) 0.168610 (7.07,0.43) 0.940363
3 (7.07,0.43)  103.19 (7.76,55. ) L // 0.155243 (7.84,0.37) 0.832600
6 (7.84,037) 10429 (5.6 a‘?:::, 0.121704 (7.25,0.44) 0.665648
7 (7.25,0.44)  105.09 e O-"" )*0.118164 (7.81,0.39) 0.614010
8 (7.81,0.39) 105.70 (-1107“‘ 24) ( 00 200).. 0.095734  (7.35,0.45) 0.518662
9 (7.35,0.45)  106.18 0.00).0.095673 (7.79,0.41) 0.488017
10 (7.79,0.41) ‘ (7.41,0.45) 0.425965
4483 (7.74,0.47) 36 ] ) _;( 2, (7.74,0.47) 0.001012
4484 (7.74,0.47) : // (7.74,0.47) 0.000964
optimal value z = 110.358965 af pg ('f7- '«. 32,0.4°

MKI *

SOLVER || CONOP

e F %‘?ﬁ COMPLETION
kokcksk
****@ ﬁﬂ

- VARIABLE x.L independent vgable

9RARD TN UNINY

d

ninmsndedu szldhwamasvingigano z=110.3684 figa (7.737 ,

0.474)



a1 NLP6:
mymmdigavesilandugaissasd  z= f(x)= x +xF + x5 + x5 —2x, —3x4
meldtonly 2x) + Xy +x3+4x4 =7

Xp+Xxy+2x3+x4 =6
X1 ZO,X2 20,x3 ZO,X4 >0

fnualdgasudui x = (2,2,1,00 EhgaiiogluvSnaiidu e

—x"“so.om
,_‘

Type of the problemis 2
calculate gradient usi
Line search using the g

optimal value z = 1400685 df point=(1123359,0.650999,1.828612,0.568418)

w’,ti HAMUYINAIRQY

MODEL M IVE z

TYPE NLP 77 DI TION MINIMIZE
SOLVER-CONOPT - +« - INE .34
ko o .i)f-— ,"f ILETION
LT RV 5 Y .,i:' IMAL

*k+* OBFECTIVE VALUE 1.400%
---- 35 VARIABLE x.L independent variable

@M B ikl 3 dhee) 17173
ot By BB N WD INENE B

a1 NLP7:



memmiigavesflaifugaszasd 2z = £(x) =3¢ +3¢%2 4....... +3e20
molditon'ly X +xp +x3 <10

Xg +x5 +xg5 <10

X7 +xg +x9 <10

x10 +x11 +x12 <20

x13 +x14 +x15 <20

!

= _‘_
2__,x
0

X1g 2052

60

X17 +X18 <20
3 / 7 +X10 +X13 +x16 +.X20 <100
20,x4 jO,x‘SZO,x-/ZO,ngO,ngO,
@O,xw _>.O,x16 ZO,X17 =0,

o a { \ I~ i a { d
Amualdgasudun x = (19191.0 110, \e\l Hluganegluusnainduly1d

ANuEIveLsTIErIata Iyt Ie fak o1 s ¢ :ﬂ\.m\

nadwiuoIms o na

Type of the problem is a Minimizg
calculate gradient using Automati¢ Dj
Line search using the golden section migthc
optimal value z = 60.000000 at point: i . </

:(0.000000,0.000000,0.008000;0:000000,0.00000.0- 0,000000,0.000000,0.000000,
0.000000,0.000000,0.00600&C-000000.0 000000 0 OO - ¥0900,0.000000,0.000000,
0.000000,0.000000) A

9
MODEL MFD ¢ OBJEC Y

| ) S RO e 6 )

*#%% SOLVER STATUS 1 NORMAL COMPLETION
k¥ MODEL STATUS 2 LOCALLY OPTIMAL
**** OBJECTIVE VALUE 60.0000
---- 38 VARIABLE x.L independent variable

(ALL  0.000)

eyvin NLPS:




iyt NLPS:

30
mymagegavesileidugalseasd z = £(x)= Z(Zx,- _xizex,-)

ﬂ1ﬂnl$llﬁl@uvl°u le +Xx11 + 4XZ1 <100
X9 +8x12 + X99 <100
X3 +2xl3 + X923 <100

XIZO,Xz ZO,X3 20,)&'4 20 :
X220,x320,x4 20,2 /2 03172 0, %1g, 2 20,x30 20,x9, 20,
X922 ZO,X23 ZO,X24ZO,X

fmualiyasudud x = (1,1 LA LR L1 N,1,1,1,1,1,1,1,1,1)

A%’

Wugafieglunsnaiduly1d

ANVYIVBITTEEY9AGA 11 NE0;

Wy,

sac

waﬁ"ﬂmmms SEO WAL Nwmm@mmaa

61

calculate gradient erentiation
Line search using the golden section meﬁod

Type of the Pr_"blﬂlﬁﬂg Wﬁﬂwm ﬂ ‘j

0.491218,0.491218,0.491218)

(((;p;l;l]gll 8@43&1%?)@%”1“1432“&% a 4%-121 8,0.491218,

0.491218,0. 91218 0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,
0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,0.491218,
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waansvoImsl¥lUsunsy GAMS MulanINamay

SOLVE SUMMARY

MODEL MFD OBJECTIVE z
TYPE NLP DIRECTION MAXIMIZE
SOLVER CONOPT FROM LINE 40

#*** SOLVER STATUS 1 NORMAL COMPLETION
#*+* MODEL STATUS 2LOCALLY OPTIMAL
**** OBJECTIVE VALUE

- 41 VARIABLEX.

1 0491, 2 048 — 4&0.491, 6 0.491

7 0.491, 8 0.49 9149 10:0.49 11, 0.491, 12 0.491

130.491, 14 0497 \“Q by 17 0.491, 18 0.491
190.491, 20°0.494 22.0.4 "“1\ 0.491, 240.491
250.491, 26004914 0.49%, 28 0.491,290.491, 300.491

101519 22 IdINamasrngidnd 90 (0.491,0.491,....,0.491)

osawadnsveamsfuadziin Iddagamngiga L) msldronduasnadrduiining

AostuAmngigan Idninms 14 GAMS “damay ANAUANAsNA LMY 4

AULINENINeINg
RINNTUUNININY
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%

i *nﬂ"!mmsmi‘]mmmwuﬂmﬁ"lummumﬂ“lmﬂu"l‘umﬂummuuaa‘lwawmmwam

2
IummamasuazSouifisunamaoii1d91nn151910s5unsu General Algebraic Modeling

v
System (GAMS) wadnisesiwaziduavounaziiod1anedl

feths wamasvosilygmdmuans liiFadumelditon luddugady

L

2

msmimgegavesileidugaszasa x) = 2x)x, +4x; +6x5 - 2x7 —2x3

meldouly

Lsmumﬂ (03

=1

AT LAAINADN snfSonmeuiumsld GAMS

software w Loptimal solution time (sec.)

golden sectio ;f[ JEF \l\\‘ 165943) | 1.19

MFD | Armijo’s rule [f [8:166667 i (0.833264,1.166736) |  0.03

1

bisection 67: m. 1166651) 0.02

GAMS 0.28

mﬂ“lmau"lsu

x2>0

mf@uﬂﬁﬂﬂﬂ§W81ﬂi
QIR ATTINEAGEs

software objective value z optimal solution time (sec.)
golden section | 4.166667 (0.333367,0.833316) | 0.05
MFD | Armijo’s rule | 4.466667 (0.333333,0.833333) | 0.02
bisection 4.166667 (0.333313,0.833344) | 0.04
GAMS 4.1667 (0.333,0.833) 0.361




3,
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mymergegavesileidugalszasd 2= £(x)=x;x; +8x; +3x, —2x7 —x?
Melditonly 3x;+x, =10

Xy >0

x2 > O

Suduiiya (3,1)

M NUAAINAANTMIMUING

st / $ranfsouiieuiumsld GAMS

.

software ve value Z+==0piimal solution | time (sec.)

golden sectiorn™ 15017857 ° 741,2.607277) | 0.02
MFD | Armijo’s rule®| 1;:,7!‘; 2.607043) | 0.03

bisection " 5017857 l\ "og,:; 607251) | 0.03
GAMS 4“5'} f J! I\\ “‘"'%‘I 0.11
mﬁmmmammﬁmm sy , : %5 = 2)
meldidenlu

Guduiiya (0, l)ulmﬁwfmsﬁmmmu

e R BB IBIR G

software objective value z | optimal solution |&ine (sec.)
3 10 oF (. ,'p; 17000
M rmijo’s rule ' 0 ol o Tty T -
bisection 0.5 (0.5,1.5) 0.02
GAMS 0.5 (0.5,1.5) 0.12




i o I o 4
msmmdigavesilanduyailszasn

meldouly

Suduiiyga (0,1)

MINLAAINAENT M3 AId

LY
5

z=f(x)=¢™" +e2%2
X;+x) <1

X >0

X2 >0

: ' qusahautSeuieusumsld GAMS

software ptimal solution time (sec.)
golden section (04356 5,0.564375) | 0.01
MFD | Armijo’s rule lOl‘"“‘ 298 "*wuﬁg. 0.564394) | 0.03
bisection ll 0208 . 1(0:43562 ,O 564375) | 0.02
GAMS 070 /ff ‘\\\ .564) 0.08
\‘\
mamaiigaveailarifl +(xy =51
moldTou'ly
Gudufian (0,1 -
\7
mmuamwaﬁwﬂsﬁma D e mﬂ‘s’a%auﬁumﬂ%’ GAMS
P 4
soft ) imahsetution time (sec.)
ol i 5 17600,4.498320) | 3.10
MFD Armﬂl) s rule 0 SOOOOO {2 499898 4, 500102) 0.01
¢ ' 8 .96

#

21




7.

66

! D' % l
mimmmgavesiladdugalszasd 2z = 7(x)=-x; —x, — x;xy +-2—x12 +x3

muldiRouly X +xy <3
- 2.X1 = 3XZ <-6
x, > O
X2 > 0
a A
i (1, 17
PRTRRINTRTE I AREL = < Al Syuieoudumsld GAMS
E - ﬂ
software objcetive val F\ optimal solution | time (sec.)

golden sectigaaf®2. 400000/ | .| \.‘__\"tk .199971) | 0.03
Armijo’s rule 2 300000 | | (1.799992,1.200008) | 0.01

bisection | 2.100000 . . 1@, ’* ‘fﬂ. n 00012) | 0.03

MFD

GAMS i"-219 ﬁju = -.-\ 300000,1.200000) | 0.12
dld-l \\

msmamigavesileiFula: 7 X)= 23

muldisouly ae .-,"

— -
S TR
T8 S e g

Suduiiga (0, O)E
oo R Fmtrons

~_software | objective value z | optimal solution | %ifne (sec.)
ST m
M ijo'srule '| ¥ T MO 0.01

bisection -1.000000 0,1) 0.01
GAMS -1.000000 [G.1) - 0.05




10.

msmmmgavesilendugadseasd 2z = £(x)=x; +2x3

melditouly X +x5<2

2x1+x2 <3
XIZO
XZZO

séué’l’uﬁqﬂ (1,1

MINLAAIHAINTMIR I Na s T w /S sud suiunms 14 GAMS

—

software wobjective yalue z Feptimal solution | time (sec.)

golden sectiona™ae//0 | 10 | e (0,0) 0.03

MFD

| NSNS0
Armijo’swtilc 770 L 01 (00) 0.01

bisection 4 4 F4F 0= RN 0.01

GAMS Ll J_,g,‘r \\\;\‘\\n 0.13

o @
ir\\\“

‘ﬁf < -J'J'*
TRl I

Bl = i

ﬂ"li‘i’ﬂﬂWHiIﬂ"Uﬂ\TWQﬂ"]f VWIUTS

meldiTonly

X

Fuduiiga (0, 4 @
B\ Hﬁ"ﬂW%’Wﬁ”‘W‘ Brrtians

*3)62 + X1Xp +x12 +x§

objective yalue z |  optimal solution time (sec.)

183333 1 1 ol (0. m%ﬁapz
83333 1 (0.333383,0:8333 0.02

(0.333313,0.833344) | 0.02

GAMS -2.0833 (0.333,0.833) 0.11

67



1. mimmgagavesilandugatseasa

mMeldienly

Guduiiy 0 (4,4,4)

68

z= (%)= x1x%3
2x; +3xy +4x3 =36
x;20

xy20

x3 20

Seuiieuiumsld GAMS

software eCLiy ptimal solution time (sec.)
olden section | 72.008 | .\‘ 1998 "‘1 99853,3.000182) | 0.04
MFD | Armijo’s rule o #//} ﬁ\w»‘“{m..a 0.03
bisection 2000 £ /] —1(5999912,3°999 673 000144) | 0.06
GAMS 2,900 £ /[ 7460 "?sl"&_\‘un .000000) | 0.12

1% msmmmﬁﬂmmﬂqnﬂm% IbFyiRiE

meldigouly

N

X3 >O

mﬂummmw JINT
ﬁﬁﬂaﬁﬂﬂﬁmﬁ‘ﬂ“ﬁ”}fﬂ By

software objective value z | optimal solution | time (sec.)
olden section -24.000 (0,0,2) 0.02
MFD | Armijo’s rule -24.000 (0,0,2) 0.02
bisection -24.000 (0,0,2) 0.02
GAMS -24.000 (0,0,2) 0.061
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13, memsvhgevesilsidugayszad
z=f(x)= x12 + X% +2x§ +2x32 +2x9x3 +4x; +6x5 +12x3
molditon'ly Xp+Xy+x3<6
-X;—X) +2.7C3 22
X >0
X2 >0
Guduiin (2,1
MINUAAINAANT ‘wa‘unums“l‘n GAMS
software /I objguti al'solution | time (sec.)
golden sec J’.ﬁmﬁ i‘m\‘mw D) 0.01
MFD | Armijo’sfulef’ £ £114.0000 4 | (.00 0.01
bisection 4 S F 141000 I\\\\‘ 0 1) 0.02
GAMS = 4§ 14000 T’\\\\ 0,0 0.12
e |
{ ,1.—-_'_.14‘
4. mimdigavod {-f‘
X —2X])C3 +XpX3 —4)(71 —6X2
iJ
muldidon AL AL T
xsuwum#’(l 1,1)
N MERIA THIAANIIRD.
software objective value z optimal solution time (sec.)
olden section | -6.749999 (2.000669,0.749412,0.500507) | 0.03
MFD | Armijo’s rule | -6.749997 (2.001975,0.748654,0.500718) | 0.01
bisection -6.750000 (2.000611,0.749462,0.500465) | 0.06
GAMS -6.750000 (2.000000,0.750000,0.500000) | 0.13




15, mymaidgavesilandugailsyasd

z=f(x)=e™1%%2 4 x? 4 x3 4+ 2xxy +2x) + 63y
moldtenly X;+2x, <4

-X;t+Xx) =2

leO

X >0

Suduiiga (1,3) ~aN\ W/
MINUAAINAANT MR INATI T O m@zﬁﬂuﬁunﬁl%’ GAMS

——

software e objEetn 7 v ﬁ“ 7 | optimal solution | time (sec.)

golden sectiop I/jfﬂ 0 R 0.0 0.02

Armijo’saile 4 £ 71000 '\\“@ 0.01
o [ P06="" NN\ @

MFD

bisection 0.01
0.121

GAMS

L 2
msmmmﬁmmﬂm%m 3¢ f ity 2 X7 +2x5 +x1xp —6x; —14x,

=2

moldiden'ly

Linmumﬂ (1,0,1) ¢

mmuﬁv@ruﬂ ’a m ﬂ;n ﬁﬁw Eﬂvﬂ jms"l«n GAMS

allge (sec.) |
01

MFD | Armuo s rule -19 LRI (O 333333 1. 666667 ,0) 1 0.02
| bisection -19.111111 (0.333333,1.666667,0) | 0.02
GAMS ~19,1111 (0.333,1.667) 0.13

70



17. msmishgavesilaffugalszasd 2= £(x)=x] +2x; —xf +x =2,

maelditeuly X +2%, <6

~Xy+2%3 £3
x120
X) >0

Guduiiga (0,0)

S IERIHASHE M A IsE s R TRt Lls vuiivuAums 14 GAMS

_j

software b -:-"m ue z |0t ptimal.solution time (sec.)

oolden section ™ 0769800 . | (0,0.577362) | 0.01

MFD | Armijo’s rtle WI)';EE‘{‘\*-‘* 5) 10.02
bisection A"IJIF l\‘\\u‘h~ 60) 10.02
GAMS i /KA 7] 0057 0.091
1 ”‘\.
18, msmmgegavosileddugdtsgedi 6 (e 1)+ x,
muldideu'ly :
A g A L
Sudungn (60
-
mmuﬁmwaﬁwﬁ'ms§1gm9’1’w%vlﬁm§i§%’mﬂ?umﬁﬂuﬁumﬂ%’ GAMS
| Y WelNAS
softwar ect timal solution | time (sec.)
| ti 3.000 0,3 0.03
golden section 00 ,ﬁ( )

M’lﬁ se.t. % Hﬂﬁ = 0

GAMS 3.000 (0,3) 0.111

71
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19. msmmqqqmmﬂaﬁ%uqﬂﬂﬁzmﬁ z= f(x)=4x;x, +15x; +30x, —2x,2 —4x§
muldiTouly X7 +2x5 <30
x1 2 0
X2 > 0

iSuduinga (0,0)

AT 1A AINATNT MIATUI U 20HD s W WSsueusunsld GAMS
software object lue mmal solution time (sec.)
golden section 6 1 | (Hs989354,8.992316) | 8.16

MFD | Armijo’s rule /d ) ,8.994247) | 9.59
bisection ,‘ 993047) | 31.29
GAMS , ' ( 00000) | 0.10
: Ny
NG
1 e % V ; . 2 2
20.  msmmgegavesileidu S - s —x§ =2x5
muldiden'ly gy 4
A%

suduiiya (0,

msmmmﬁﬁwﬁm ﬁﬁu% H%W ﬁu};ﬁ 'ﬁ %’lﬂ‘]ﬁ GAMS
softwarg| objective value z | optimal solution | time (sec.)
, olden section | 11.497775% | (0.999575,1.499525) [¥.51
MFD]JA agq Ei. . 499350)110 04
ciSeCtion 1.4 (0.999564,1.499497)"|"5 54
GAMS 11.500000 (1.000000,1.500000) | 0.131
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21, msmamgegavesilandugalseasd  z= f(x)=In(x; +1)- x3
mulditouly X +2x5 <3
x, 2 0
X2 > 0

\ W afSeuisudumslyd GAMS

software |mobjectiy m_m solution | time (sec.)
golden section —— 1.38 }@-:"‘Ql 0.02
MFD | Armijo’s rule™ 56294 e (3 0.04
bisection " L8E6294 N\ (00 0.02
GAMS L jig[ﬂm 0.13

Y

Suduiiya (0,0)

ﬂﬁNlLﬁﬂ\iNﬁﬂW‘ﬁﬂﬁﬂ"lU’Jm

22, mymmdigavesilandugiilsgoed 2722 AR)= x3 % 4% +16x;

meldineuly

(I,E
“‘”“““’““F””‘LIE] W@wﬁwmﬁﬁﬂ”’“‘s

software 1 objectlve value z optimal solution time (sec.)
0 iQn ( : 9 ) 1 0.09
MFD | Arfijo’sirul 36650 306844, 1,99 6 0.04
biseétion 39.366423 (2.308320,1.997450,0.694231) | 0.28
GAMS 39.3664 (2.309,2.000,0.691) 0.07
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23 mymdigavesilidugatszasd 2= £(x)=x] +x3 - 6x, —3x,
moldTonly Xp+x3 <1

x120
.X220

Fuduiign (0,0)

MINLTAIHATNEMI AN 0% \ W’/ﬂﬂswmamumsh GAMS

software "I objcciive val ,,,.-\.m al solution | time (sec.)
olden sectiof'| _=5:000| 0.02
MFD | Armijo’s r __.ﬂ’ffo A\ e 0.02
bisection " £ A3000] ‘ﬁ“\ 0.02
GAMS Flff.ﬁf\\\l\\x \:\ 0.13

24 mammqegavesileidugilsBasd » 2 =G F +2x5 +x3

meldidon'ly

A vy A ’r.
isuaunga (0,0,0 E

MI1LAAIHAANT MMM d e AL e 1S suifsudums 14 GAMS

software i I !obEJectiv;e va]ue 7 omeal solution time (sec.)

golden sectlon 21.440033 ¢ | 3. 666128&775751 0 OOO(ﬂﬂ) 3.70

TR Z200E30855 71 ] NG To76
17440106' ¥ 7« : ot 12,25

21.4444 (3. 667 2. 778 0. 000) 0.12




25.  mammgegavesilandugaszasd  z= f(x)=32x +50x; -10x3 +x§ —xi = x5

meldienly 3x;+x, <11

2x; +5x5, <16
X >0 s X2 >0

Suduinga (0,0)

MINUTAINATNT MIMUIUA ZfSeuieuiumsly GAMS

software je lue z solution time (sec.)
golden section . 86 - 530,1.807648) | 0.04
MFD | Armijo’s rule ' a (19 07233) | 0.05
bisection ’ 07642) | 0.05
GAMS » ’ 0.120
%
5 [;‘..
"5
26.  msmmgagavesilerdiyadieiel 4o
Jﬂ
= i) =y 40, + 305 4x7 - i -3x3 - x]
meldideu'ly 4x, F 3npa= =
X 47

Suduiiy 19 (0,0) m

- D

—" wawwwmmnmm

oftward [\ [[obiedtivd yalig tWElbﬂMFE‘ﬂu'
B golden section | 82. 1.682677,1.157852) | 0.94

MED | Armijo’s rule | 82.743657 (1 6829481158526) 0.03
bisection 82.726171 (1.683330,1.157536) | 3.33

GAMS 82.7437 (1.683,1.158) 0.13
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27. msmidgegavesiliidugalizasd 2= f(x)=3x +4x; - x; —x3

moldiTouly X +x3<1
Xy >0
X) >0
Fuduiiya (0,0)
MIuaIasNEMsAad ey \ | // SaSeuifioudumsld GAMS

software | objective value 1ma i time (sec.)

olden section | - ' : 0.01

MFD | Armijo’s rule l""" \'\S K %-“SL 0.666941) | 0.02
bisection dr" 35//) ‘:‘*\ "‘k g 66667) 0.01

GAMS 'Mfﬂg Iﬂ\i‘“" _ fildl

28.  msmmigegavesilefduga

melddouly

Fuduiga (0,0

ﬂ

J

MINUAAIHAANT mammwaﬂmnswasmftlm ‘umeﬂ% GAMS
L L7
softwafe ob ctivelvalue z imal solution) | time (sec.)
oldengsection™| 3.852695 0.893047, 150) | 0.89
MFD Armijoﬁs rule [3.854281 ¢ | (0 893410,0.713180) h0.03




msmmmgavesilindugalszasd 2z = £(x)=2x7 +2xxp +xi' +4x3

mulditouly 2% +x, 210
¥y +2%5 210
X >0 s X2 >0

Fuduinga (5,5)

MIIUAAINAANT MRt S sunoudums 14 GAMS

software ective va op 1ut10n time (sec.)
golden sectio 709: ’ 857203) | 2.07
MFD o r 6,4.857328) | 0.01
bisection ~: 4. 7833) 6.87
GAMS 0.13

3.7 o &7
msmadigavedflandugnily

melddouly

Suduinge ©3

mmuﬁmwaﬁwﬁnm 1um€1’wmaw¢fm§ﬁa%’wm‘s’ﬂmﬁuﬁumﬂ%’ GAMS
1ANaNSNYINS
softwargl objective value z | optimal solution | time (sec.)
olden section | 66.666667° (3.338291,6.666709) #.0.01
MF ~iogalgi . 7 3331 8?]&;61]1‘ 040
bisection 66.666 (3.333282,6.666718) | 0'02
GAMS 66.6667 (3.333,6.667 ) 0.12
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3. msmAdigevesilandugaszasd  z= f(x)=x7 +2x3

moldienly Xp+xp 24
Xy >0 s XD >0

Suduiga (1,4)

msnuaasadns msAnadisaenlfin s e raSeuifousumsld GAMS

/

software jective value'z | solution | time (sec.)

golden section. i .L;’;:mlf‘ 667398:1.333163) | 1.95
MFD | Armijo’s rule 666667 /1 | \\C }ﬂ‘- 33259) | 0.03

bisection l";.ﬁ' fﬂ.ﬂ 6877.1.333633) | 7.49

GAMS #"10466 _{Jj# _!t\ N "*'J\‘z..\ 0.13

32, mswmmdigavesileidugs

meldion'ly

‘i“”““?WTJEJ’JﬂEJVI‘JWEJ’Iﬂ‘i

W”Ii’l\illﬁﬂ\‘lNﬁﬂW‘ﬂﬂ’l‘if’ﬂu’JillﬂQﬂ“lf‘ﬂmni‘l’lﬁiNﬁU'lJWlﬂ‘Uﬂ‘Uﬂ"liMAMS

ARIANNIUNN1INETRE

software objective value z | optimal solution | time (sec.)
golden section 0.250244 (1,0) 0.03
MFD | Armijo’s rule 0.250244 (1,0) 0.03
bisection 0.250244 (1,0) 0.01
GAMS 0.2502 (1,0) 0.12




. 2
mymmdgavesilsndugalsvasd 2z = £(x)=(x —1)° +[x2 —g)

moldidon 'l -xp +2xy <2
¥1+2%9 56
Xy —20g B
x120,xy20

Suduitg 9 (2,0)

MINUTAINATNE N5 A 5y nﬂ&nﬁwﬁumﬂ% GAMS
——

software bjectivé value z | optimal solution | time (sec.)

olden section ﬂ/fll} 1.4 """"- 1.700004) | 0.01
MFD | Armijo’s rule Wff El \\L'*lk\ 00004) | 0.03

bisection 0800 /1 - 5 4112399982, 17699991) | 0.03
GAMS 170 8 f[ps N g{\‘n\ 00000) 0.111
LA

&l
ﬁ'.

msmigegavosileiFugnilgaed L2 = (E) = 20, ¥ 40x; - 15x7 +10x5 ~16x,x,

=

moldiTen'ly e ‘ﬂ"' ¢ 16

B

Guduiiye (o,ﬂ @
”““”*Wiiﬁ“ﬁ ﬁ%?ﬂﬂ‘*‘fﬁﬁ‘ﬂ”‘“

2 0 l .
560 625000 (0 000000 Sk 750000) 0 02
560.625000 (0.000000,5.750000) | 0.09
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35, memgegavesilandugalszaed  z= f(x)=3x +x3 - (o +2x, )
molditeuly X;+x3 <5

x,ZO
x2_>.0

'
a

Sudunge (2,2)

M5 UAAINAENT M IR ; W/Lﬂ?umﬁﬂuﬁumﬂ% GAMS
software 1 alug z | eptimal solution time (sec.)
golden section 3,0.000450) | 1.24
MFD | Armijo’s rule ; ,0.000000) | 0.03
bisection . ; = ' 00428) | 9.70
GAMS o) 45 \ , .000000) | 0.11
NG

{fg ‘ :
36, msmmgegavosilafdugnilgasd s
z= (Y= X3 —2x1x3 — 2xpx3 = 5x] — X +3x3

" -ﬂr

muldteuly ox

#2 2 @

Auganens

A gy 4

isuaunga (0,0,0) ¢ . o

software objective value z optimal solution time (sec.)

golden section | 1.125000 (0.000000,0.000000,0.750013) | 0.02
MFD | Armijo’s rule | 1.125000 (0.000000,0.000000,0.750189) | 0.03

bisection 1.125000 (0.000000,0.000000,0.749985) | 0.03
GAMS 1.125000 (0.000000,0.000000,0.750) 0.1
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37, msmmdgavosileiiugailszasd 2= £(x) = x? - dx, - 2x,
meldidenla X +x; <4
2x; +x3 £5
-x;+4xy; 22
% 20
X320

E50)1 m@mﬁuuﬁumﬂ% GAMS

software _Obie f’mi'"ﬂ solution | time (sec.)
golden sectioft | 9000/ | | (1.000000,3.000000) | 0.01
MFD | Armijo’s rulggf™-000 / / l‘\ \’*"l.fnm; 3,000000) | 0.01

Fuduiga (2,1)

MINUAAINATNT N3 Am

bisection Wj’ PR .000000) | 0.02
GAMS 'l 04 FP jﬁv m *"1'3.\ 000000) 0.09
g W\
38 msmgegavesiladdilyalizas ) - ™2 3y, —x2

melddouly

Linmuma (g

&

bbb i %m ﬁﬁﬁ bl g Gavs

softwa bj c' \% I'splutio ia !ij;e (sec.)

9l golden section | 8.325917 (2.152617,1.268897) | 1.10
MFD | Armijo’s rule | 8.323305 (2.150459,1.266512) | 0.32
bisection 8.325918 (2.152614,1.268905) | 3.84
GAMS 8.3269 (2.154,1.269) 0.09
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MANUIN U

Vg Y 1 " e & @ $ '
lumananidiumesumsmramasveadymidmuans liFudunilsdaunlsihificeu
v E4 -
ey Tned s maduauduiinun1#lunuiseiinu 35 golden section , nguos Armijo uazdi

bisection 39z ldna1nseaziduase 1

matnanad 1 fvual@®intefallof Wicertaity 1, 01)=a,6]=[2.8]
' 218 7(h)=-5.668737
g azld 7(u)=-11.334369

lay.m1]=[2.5.708]

Tﬂﬂﬁ }\.1 = bl —r\&

Wy  py=a +rd

msfnnuniaft 2 fnuald interval J_ .5 ity 18 [ay,b, )= [ar.m]=[2.5.708]
Ay = by — r(by <203)<51708 0.618(5.708" 6N f(hy)= 4173396
ny =4 9l )= f(h)=—5.6687 Y]

dosmn £,) > Fluy) A4 inte ity ] = [2.4.292]

mmma‘mqmmu 2292>¢ € &

it s PR EHSHBHD WA TGl a2

A3 =by —r@ —a3)=4.292-0.618(4.292 - 2) 2.875 zld f(x3)— -4.015528
SFIINERUNIINLAE

fioanin F(0) > 7(u3) 9214 interval of uncertainty Tnsifie [a3,p3]=

ANNENFIWNOY 1.416 > €

msdnaanaft 4 fmuald interval of uncertainty 79 [ag,64]=[a3,n3]= [2,3.416]
Ay =by —r(bs —ay)=3.416-0.618(3.416-2) = 2.541 wld f(hy)=-4210663
g =h3 =2.875 918 f(ng)= f(h;)=—4.015528

floann (b)) < f(ng) 928 interval of uncertainty Tmifle [Ly,b4]= [2.541,3.416]
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AMNEFINMAY 0.875> ¢
mafnaunded 5 fmuald interval of uncertainty fio  [as,bs]= [hg.b4]=[2.541,3.416]
hs =pg = 28759218 f(hs)= f(ny)=-4.015528
ws = as +r(bs — as) = 2.541+0.618(3.416 - 2.541) = 3.082 w14 f(us)=-4.006730
(feaain fls) < flus) 9218 interval of uncertainty 1n1ifo [)»S,b5]=[2.875,3.416]

ANNEMITIUMINY 0.541 > ¢
Pauensadieensyld aunse
7 amstdlumsaagiaiierisa
Qa)< € Lf}’t) r=0.618

iy
N

mﬂuum«mﬂu"lﬂmm memma\ ‘
mmmmfummﬂsamsmm"lﬂmu
maammzﬁqmmmmmamm

0.618%(8-2)

0.618% < 2018

kIn(0.618) <

k(-0.48) < -6.3

k> 13326
eraehdeaidd Iy 14 A3l
nafedlmsfuanNTaaglna ngrmw;

e; — . = ‘ as .

RERRITED W M IATHIAMUYR D golden section
A y
;-_ == up}—titervdl of uncertainty  length

k aj bk lk

1 2.000 8.000 4292J 708 -5.668 g ﬂ [2.000, 5.708] 3.708
2 2.000 5.708 3.416 -4.173396 -5 668737 [2 000, 4.292] 2,292
3 2.000 4292 2,000, 3.416] 1.416
4 2.000 3.41 % é Zgﬁ j %ﬁh 541, 3.416] 0.875
5 2.541 3.416 @.87 -4.0 -4.0 75 3.416] 0.541
6 2.875 3.416 3.082 3210 -4.006730  -4.043998 [2 87t 210] 0.334
Lo yaae o
8 2.875 -4 a 0.128
9 2.954 3.082 3.003 3.033 -4.000010  -4.001106 [2.954, 3. 033] 0.079
10 2.954 3.033 2.984 3.003 -4.000241 -4.000010 [2.984, 3.033] 0.049
11 2984 3.033 3.003 3.015 -4.000010  -4.000214 [2.984, 3.015] 0.030
12 2984 3.015 2.996 3.003 -4.000016  -4.000010 [2.996, 3.015] 0.019
13 2996 3.015 3.003 3.008 -4.000010  -4.000056 [2.996, 3.008] 0.012
14 2.996 3.008 3.000 3.003 -4.000000  -4.000010 [2.996, 3.003] 0.007

wamaﬂmmzﬁaﬂ x =3.003106

9
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Moeah 2 msduummgagalaeit bisection
mymmgegaveileddugmlseasd z = f(x)= —x2 +6x-13
melditonly I<asl

0 v ’ . y o A Y A

Amuald Awe1Ive4 interval of uncertainty gaienvensunamasmuziga’ld fio & =0.001

nnilyyiogldn interval of uncertainty Fudu o [a,5]=[2.8]

oy

v
o

mafnan¥ed 1 dmuals intervaliof incertain b | =[a,6]=[28]

iesnn f'(0)=£(5)= 4% ‘}\\Q“Nn .6y ]=15.8]
WI#14 interval of uncertain [=[2,5] s magviniy 3>¢

v
w

msfiaadan 2 Mvualy i = .M ]=[2,5]

o /()= £'(3.5)= -1 < 0 fleasd Wiz naaluoglugie iy, 6,]=[3.5,5]

35| anwemaaniiy 1.5>¢

v
w —_—_—

MIMUIUATIN 3 i'"z'"_"f"w"""-“—"ﬁi-j‘ A ]=1[2,3.5]

m =28 .75@

iosn £'(k3) = £'(2.75)= 0.5 #0uasinamasmaeiiga eglugfas 03] = [2,2.75]

M1F 18 interval of urﬂrtutﬂi% m%j mﬁw] E\f%ﬂ)ﬂ Ay 0.75>¢
U

¥ "
o o w @

TR TR T INEN A

MIMITNHIUATIVDINIFII

v Vv '
auudld £ dusmuasivesmsviiilumsan interval of uncertainty IWoHIHAINAY

k
{ ] { [ o 1
mINgNgaveInNeTisensuld e suamldan (5) (b-a)<e

unuawda 1d (0.5)%(8-2)<0.001



0.5k < 0.001

kn(0.5) < In(0.0001667)

k(-0.693) < -8.6995
k=135

12 v [ v
wrashideaiddiuan 13 afedeeyIdantnaldidugaeivensnld annsoaginanunisadsil

m3af 2 aguwamsiiuanlagds hisection

k ._" 7 |“f/:{ b —ak)

O 0NN W —O

AUEINENINYINS
MIANTUNNINGA Y
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fhedhaft 3 msfaamse zmimﬁ'ﬂuﬁiﬂﬂﬂmm Armijo
fmuald £ (x)=3xxy +6x1 +5x, ~4x% = 3x,°
auuAndeImsmszezmsindoud o gegaodiumiladdu 7
vinga x=(0,0) ufiams d =(2,0) Wofmual¥ 0<a <1
mmsnﬁmuﬂgﬂuummﬂmmﬁmuﬂms"lm‘?mﬁu"lﬁﬁaﬁ

msmmgagaveafleffugaszaad (x+ad) = £(20,0) = 124 - 160

meldtoulu

fvuald =01 wayf

mmuIunsan 1

fvua i

v
b

MImIuATIN 2

fMruald ok

P 393)-16(0.375)% =2.25
fix) = f0,0)="0 '
aoV/ (x)f d= (0.375)(0.1)[§)+5(0)] = 045

i (I TRV WRIATY

waeen o =0.375 nJMﬂ‘"maauwwﬂﬂﬂﬂq‘pw%ﬂﬂivmﬂ £ uAuNNIY

QW']Mﬂ‘iﬂJﬂJW]’JﬂEI']aEI
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MANUIN A

“lunmNmnﬁLﬂuéhaeinmimwamawmﬂmw1ﬁmuﬂmi"himnﬁ’umu°lmNau"lmmﬂum

2
1 Tae33 mslefiemaeiifulyldves Frank-Wolfe i ldluaniseigans 1dnanvazson
do'luil

RGN

A g A

Guduiiga x! = (0,0) 1

9

Mruald AnuenvoIsee;

nnilaftugalseaad
wld VA(x)=(x, +6

MIMuIUASTIN 1 _
fvueld k=1, x' ={00), Fixll1=¢
Hufo Vf( .'.

fmualonmes d' = (4, d2 uJuwamasmm‘"‘nqﬂeuaai‘]mmmﬁuﬂmimmu

”“"’”ﬁﬁd‘%‘!“}%"ﬁm AN

meldasn Ad<b

qm&mwwﬁwmaa

msmmmqmmﬁanwwﬂﬁwmﬂ z = 6d; +5d,
muldidouly dy+dy <2

d1+2d2 <3
dy20,dy=0

dommamaoudald  al = (2,0)



fmuaiiamaiidiuly 1§vesmsindoufinnga x! e (dl—xl)
famszezmaadoudi o) 1inga x' Tawdamaiidn 14 (dl —xl)
nndymimuams higadu
mimmgegavesilandugalsvasd  z = f'+o;d —x')
mulditou'ly 0< 0, <1

unumud 185 uuuilymuiiy

MImmgegaveileisugalseess f(2ay,0)=120; ~16a}
meldiTouly < 0,51

Auulaeds golde

fange x? fsvezmsinde

vnawms  x% =x'+ (o8] ( .
12187 f(x2)=22

foann ’xz - x‘” = 0.749962

v
v

. 4
MIANUIUATIN 2

fvuald k=2,

wld vl ,.____--...v....._...........

L f JamsiFadu
]

i
msmmmqmmﬁaﬂ%mﬂﬂi asd z-Vf( )T

““”“‘FT‘TJ ¢ I8 NIPYINT

Lmumum"lmﬂuuuﬂmmthf

YRR I NEIBY

helddonla dy+dy <2
dy+2d, <3
dy 20
dy =20

fmunlinnned a2 = (d;,ds

A
dommamanuddld d? = (0,1.5)
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fvuadiemaiidiyly 18vesmsindeufinnga x2 fe (d2 —x2)
Anumszezmandoudi a, 1nga x* luawiemediduly1d (dz g
nnilymdmuams bisadu
mymmgagavesiledtugaszasd  z = fix?+a,@* -x?)
meldidenly 0< 0, <1

unumuda 185 nuuilymuiiy

z = £(0.75-0.750,,1.50,)

fnavige x° Tszezmainin

nnaums x> =x% +a, (d2 -

PAEY f(x3)=4.

118 ( —% )
0.75,0)]= (0.42,0.66)

A
FHDNIN

3 ~x2H = 0.988573

. L o
MIMUIUATIN 3
o ﬁ' o 2 Y
Avuald k=3 3 L0 i

wld v ‘u-?-?£“,_*=:~“~=;:.-=::—1‘
ruamsFady
|

fnualdnnees a® = (4,

mimmmﬁmmﬂqnwgmﬂswmﬂ z=V 4} )Td

MWMHuﬂqwﬂﬁﬁwawni
ﬁﬁﬁ?ﬂﬁ T usdngnay

mﬂ“lmqau"lﬂl dy+d, <2
dy+2d, <3
d =20
dy 20

deommamanudald a3 = (2.00,0.00)
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fAmuafiemaiindiull W8vesmsindeufinnga x> fe (d3 —x3)
fnumszezmantoudi a; vnga x° Tawiemafidiu g (d3 —x3)
nnilymimuams liFudy
msmmgagavesilatdugalszasd 2z = fixP+azd® -x>)y
muldidou'ly 0< 0351

unuanda 18 guuuuilymuiiy

msmmgegavesilaidugaisya 42,0.66) + a;3[(2,0) - (0.42,0.66)))
meldidouly

A laeds go

funmnige x* Tszezmanie 1j |1/% 4\ it /1 (d3—x3)

vnaums x* =x* + oy (d3 =% 75{(20)- 0.42,0.66)]= (0.74,0.53)
wldh f(x4)=5.22 GELT

A
HBI9IN

x4-x3“= 0.448116%

4
o

o d‘
MIMUIUATIN 4

0 M Fa

fmuald k=4, x* =£0:74,0.53

P (AN R e —

ﬂg"lﬂ V X cg‘f:l_lfi‘!l"-E--I‘U-Ail--_z. -

o a g

NIAUANTILBIAUTU
|

g

fnualinnmes d* = (dy,d3) 1T
w

msmgegaveailaidugmlszaed 2= V];(y‘)rd
a

molddouty F.Jl UBINEAEINENT
me Q@ RARIRTU U INYA Y

msmATgagavesilandugalseass  z = 1.69d; +4.05d,
muldidon'ly dy+dy <2
dl +2d2 <3
dl >0
d2 >0
deonwamanugald a4 = (0.00,1.50)
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fmuafirmafidiuly fvesmsmaoufinnga x* fe (d4 -—x4)
Anamszozmandoudt ay vnga x* lamwdemafiduly 18 (d4—x4)
nnflymdmuams ligadu
msmmgagavesilandugadszasd  z = fix*sadt —xty)

moldiouly 5 PR

Wy 53)+a4[(0,1.5)-(0.74,0.53)))
5 u"w x*)

MutunIgn x> Uszezmsinfon \-\ \«\
naums x> =x* + 0,4 (d5 . —(0.74,0.53)]=(0.60,0.71)

wldh f(x5)=5.47 b 'Eh ’\ \
- AN
i ZAr R A R

iosan HXS —-x4” = 0.32154 4 \\

fvuald k=5, x° =(06 e 5.47
wld vrlk T

' <
unuawd Idguuuuilynuily

U d o
mymmgegavoileidugalse
meldieuly

fAuaulaeds golden

v
ol

o q’
MIMUIMATIN S5

o AYE & ] a g

fmualdonines a3 = (4, 1) easIFudy
i r|'

i

. \/
z=Vflx’| d

"t gy NSRS NE N

Lmumtm)"lﬂ;ﬂuuuﬂtumtﬂw

SR RARTE 4N R 8

meldiTo ditdy 22
d1 = 2d2 <o
dy 20
dy 20

U o J
mImargagaveslandmyalsyaed

denwamasdld  a° = (2.00,0.00)
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fmuafiemaiiiuly lRvesmaindeuiinnga x° fo (d5 _Xs)
Amnamszezmandoudl as mnga x° Tmwdemedidu g (ds—xS)
nnilgmhmuams bigudu

msmmgegavesilindugalszmsd z = fix’+as@® —x)

molditeuly 0L a5 <1

zmuﬁmé’a"lﬁ’gﬂuuuﬂmwui‘Ju
msmmmaﬂmmﬂanﬁvu qa O71)+a5[(20) (0.60,0.71)])
muldidonly

A laeds golde

fuamuniga xb Hszezman

STasRGTN (d5 _XS)
vnaums x® = x° + o (d5 (0.60,0.71)]=(0.76,0.63)
92187 f(x6):5.64 jian

iipa0n “x6 —xsu = 0.247030

MIMUIUATIN 6

DA vwvvV —(DOT6 0 A iV p=—==_sRnr

\

wld

r:;
fnualdnmaes d° = (d;,d5 ri‘]uwamaﬂmmwmmmﬂmmn Auamsizady

wﬁ”wﬁﬂﬁwﬁ N9

Melds

ammmad 1 Tnenas

1smmammmﬂanmu%ﬂﬂswmﬂ z = 1.79d; +3.52d,

meldidenly dy+dy <2
dy+2d, <3
d 20
dy 20

donwamandld d® = (1.00,1.00)
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fmuafiemafiiull Ifvesmandoufinnga x6 e (d6 —x6)
fnamssszmaadoudt ag 1inga x5 Tmuiemanidiuly 1 (d6—x6)
nnilgmdmuams hidudu
msmmgagavesiladdugalszasd  z = fxb+ag@®-x%)
meldidouly 0= 0 <1

unuawd 1dgtuunilymuiv

msmmgegavosileiduga 0.63)+as[(1,1)-(0.76,0.63)])

meldouly

Auimlaeds golden s
MUIUNIYA x| Hsvugfsiaouiis g x° dmuidn (d6—x6)

nnaums x’ =x° + o

1218 f(x7 )= 7.00 T

Wosnn x’ —x°

=0.610879 >

5 Tl
MIAUIUATIN 7

fmuald 1% £
w8 v/ A=V () =(1.00 X
fmualdnmmes a’ = (d;, dﬂ Hunamatmneigavoslymiaguamsisady
MINIANGIYA
meldidonly ﬁﬁj ifﬁq% EJ m Mb’] ﬂ i
¢ dz20
TRIMIH AN TN Y
MINIATRIYAVD ¢mn z =
meldideu'l dy + dz %2
dy +2dy <3
d 20
dy 20

devmamasudald a7 = (0.00,1.50)



o o H d M M
fvuadiameniiulldvesmsindoufininga x’ fio (d7 —x7)
fwumszezmsindeud o; 91nga x/ Tlawdemefidiull 14 (d7—x7)

nnilymhimuams bigudu

msmigagavesilsdfugalsrasd  z = fix’+ap@d’ —-x7 )
moldtonly 0L 0751

unuawda 18guuilymuily. "////
msmimgagavesilefdu 2 = 20T e,[01.5)-(1L1))

meldiouly 7
-

a

HszugMs

ANAUNNT X8 = x7 +

wldh f(x8)=7.007

A 1aeds gold
8

AUIUNIA X

ioann Hx8 - x7H = 0.000000 <

o < Y 1
nNHaMIAUINIU 1A mve f

ueraad Idanansamaeui Tl

agu1dh NAIR AN FAEAYDY

mgagavesiladgugalszasnne z =7 (x)=f(1,1)

“ a Q/
s b b TR i lof bk} Frecion
QU
¢
5 k ‘ | residual

1 (0.00,0.00)90.00 (6.00,5.00) (2.00,0.00)  0.374981 (0.75,0.00) 0.749962
2 (0.75,0.00) 2.25 (0.00,7.25)  (0.00,1.50)  0.439374 (0.42,0.66) 0.988575
3 (0.42,0.66) 4.64 (4.61,2.31) (2.00,0.00) 0.200175 (0.74,0.53) 0.448116
4 (0.74,0.53) 5.22 (1.69,4.05) (0.00,1.50) 0.188124 (0.60,0.71) 0.321599
5 (0.60,0.71) 5.47 (3.35,2.53) (2.00,0.00) 0.116960 (0.76,0.63) 0.247030
6 (0.76,0.63) 5.64 (1.79,3.52)  (1.00,1.00) 1.000000 (1.00,1.00) 0.610879
7 (1.00,1.00) 7.00 (1.00,2.00) (0.00,1.50)  0.000000 (1.00,1.00) 0.000000

optimal value z=7.000000 at point :(1.000000,1.000000)
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