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min (x—10)".(x—10)

Subject to

coooooo

oo o oo Yl

nmoooo oo
%

X7 [6.5+ (300 % 300)/(8 x 1000)

X, [6.5+ (250 % 250)/(8 x 1000)]
x| [6.5+ (290 % 290)/(8 x 1000)
x| [6.5+ (220 % 220)/(8 x 1000)
Xs | _ 6.5+ (220 x 220)/(8 x 1000)
"|%5|= 6.5+ (280 x 280) /(8 X 1000)
X | [6.5+ (200 x 200)/(8 x 1000)

Cuu‘éd.ﬁ'.n‘ljb‘xba‘)HCVX Ja;t;.o‘)d‘l.“.u.l.ob‘.;g:é‘ﬁd

A=[5.5000000

05500000
00.5.50000
00055000
0000.5.500
00000.5.50
000000.5.5]

b=[14.3125 17.0125 12.55 12.55 16.3 11.5 17.75]'

cvx_begin

variable X(8,1)

x1=x-10

t=x1"*x1

minimize  t

subject to

A*x>=b

x>=13

x<=21

cvx_end



Calling sedumi: 33 variables, 9 equality constraints

For improved efficiency, sedumi is solving the dual problem

SeDuMi 1.21 by AdvOL, 2005-2008 and Jos F. Sturm, 1998-2003

Alg = 2: xz-corrector, Adaptive Step-Differentiation, theta = 0.250, beta = 0.500
eqs m =9, order n = 26, dim = 34, blocks = 2

nnz(A) =40 + 0, nnz(ADA) = 81, nnz(L) = 45

it: b*y gap delta rate t/tP* t/tD* feascgcg prec

+001 9.22E-001 0.000 0.4081 0.9000 0.9000 2.75 1 1 1.2E -

+001 4.15E-001 0.000 0.4499 0.9000 0.9000 0.87 1 1 7.3E-001
+001 1.94E-001 0.000 0.4680 0.9000 0.9000 0.75 1 1 4.2E-001
+001 1.00E-001 0.000 0.5153 0.9000 0.9000 0.28 1 1 3.5E-001
+002 4.31E-002 0.000 0.4305 0.9000 0.9000 0.55 1 1 1.9E-001
+002 2.02E-002 0.000 0.4685 0.9000 0.9000 0.25 1 1 1.4E-001
+002 7.65E-003 0.000 0.3794 0.9000 0.9000 0.52 1 1 6.7E-002
+002 3.39E-003 0.000 0.4424 0.9000 0.9000 0.43 1 1 4.1E-002
+002 1.06E-003 0.000 0.3133 0.9000 0.9000 0.69 1 1 1.5E-002
E+002 3.73E-004 0.000 0.3520 0.9000 0.9000 0.75 1 1 6.0E-003
E+002 6.97E-005 0.000 0.1865 0.9000 0.9000 0.91 1 1 1.2E-003
E+002 4.27E-006 0.000 0.0613 0.9900 0.9900 0.97 1 1 7.3E-005
E+002 2.07E-008 0.038 0.0048 0.9900 0.4669 0.99 1 1 2.5E-005

E+002 4.95E-012 0.000 0.0002 0.9999 0.9999 1.00 1 1 6.3E-009

iter seconds digits = c*x b*y
Inf-3.1685530762e+002 -3.1685529214e+002

Ax-b| = 1.5e-009, [Ay-c]_+ = 5.0E-008, |x|= 4.5e+002, |y|= 1.6e+002/

(Detailed timing (sec



Pre IPM Post

E+000 1.092E-001 3.120E-002-....

JMax-norms: ||b||=2, ||c|| = 21

Cholesky |add|=0, |skip| =0, ||L.L|]] = 1.16161

Status: Solved

Optimal value (cvx_optval): +315.855

x+10
ans =

23.0000
27.0124
27.0126
23.0000
26.2999
26.3001
27.7500
27.7500

X =

13.0000
17.0124
17.0126
13.0000
16.2999
16.3001
17.7500
17.7500
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File  Help

Problem Setup and Results Options

| E Population
Solver.  ga - Genetic Algorthm v : :
Population type: | Double Vector b
Problem i

. ) I Population size: @ Use default: 20
Fitness function: @fcost

Number of variables: 8 () Spectty
Creation function: | Use constraint dependent default v

Constraints: ; i
Linear inequalities: A |-A b |-b

Linear equaliies heq beg: Initial population: @ Use default: []

Bounds: Lower. |[13,131313.13131313] Upper: (21,210,201, 21,2121, 21] () Specify. |[151515151515,15,15]

Monlinear constraint function: Initial scores: @ Use default: ]
Run solver and view results ) Specify: .

7] Use random states from previous run Initial range: @ Use defautt: [01]

Pause Stop () Specify:
Current fteration; |51 Clear Reslts ‘ | E Fitness scaling

i E Scaling function: | Rank v
Warning: Matrix is sinqular to working precision, o ¥
Optimization terminated,
Objective function value: 315.77187585110303
Optimization terminated: average change in the fitness value less than options, TolFun, i
AY -
i : | =l Selection
Final point:
Selection function: | Stochastic uniform v
la 2 3 4 5 6 7 8 "
yE I e v, I v it ikl 163 1629 17749 17749

S Ve r an (Aaie SRl L L ady oS VY. 36l -Y-F

oudie S 0-BYY G ady sbS YV gla JSu plas ) ol 536 YO+ Julae Gadd 3615 0yl o
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il oV 3Ly Gl o el el e
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min (x —15)%.(x—15)

Subject to
0505 000000 0 'il‘ 7+ (300 3000)/(8 % 1200)]
00505000000, | |7+(@90x390)/(8x1200)
00050500000, [7+(320x320)/(8x1200)
00005050000 [_]7+(290x290)/(8x 1200)
0000050500 0[|,||7+(380x380)/(8x1200)
0000005050 0f][,° 7 + (300 X 300)/(8x 1200)
00000005050 X; 7 + (350 X 350) /(8 x 1200)
00000000505 [g] L7+ (400x400)/(8x 1200) .
x =< 35
x = 17

Cuu‘éd.ﬁ'.n‘ljb‘xba‘)HCVX Ja;t;.o‘)d‘l.“.u.l.ob‘.;g:é‘ﬁd

A=[5.50000000
055000000
005500000
000.5.50000
0000.5.5000
00000.5.500
000000.5.50
0000000.5.5];
b=[16.375 22.8437 17.666 15.76 22.041 16.375 19.76 23.666]'
cvx_begin

variable x(9,1)
x1=x-15

t=x1"*x1

minimize t
subject to

A*x>=b

x>=17

x<=35

cvx_end

Calling sedumi: 37 variables, 10 equality constraints

For improved efficiency, sedumi is solving the dual problem

SeDuMi 1.21 by AdvOL, 2005-2008 and jos F. Sturm, 1998-2003

Alg = 2: xz-corrector, Adaptive Step-Differentiation, theta = 0.250, beta = 0.500



eqsm = 10, order n = 29, dim = 38, blocks =2
nnz(A) =45 + 0, nnz(ADA) = 100, nnz(L) = 55
it: b*Yy gap delta rate t/tP* t/tD* feascgcg prec

E+001 0.000

E+001 1.29E+001 0.000 0.4044 0.9000 0.9000 3.33 1 1 1.3E+000
+001 4.60E+000 0.000 0.3576 0.9000 0.9000 1.20 1 1 4.5E-001
+001 2.48E+000 0.000 0.5394 0.9000 0.9000 0.61 1 1 3.0E-001
E+001 1.43E+000 0.000 0.5759 0.9000 0.9000 0.41 1 1 2.4E-001
+002 7.00E-001 0.000 0.4903 0.9000 0.9000 0.50 1 1 1.6E-001
+002 3.93E-001 0.000 0.5617 0.9000 0.9000 0.21 1 1 1.3E-001
+002 1.72E-001 0.000 0.4370 0.9000 0.9000 0.48 1 1 7.1E-002
E+002 8.38E-002 0.000 0.4878 0.9000 0.9000 0.24 1 1 53E-002
+002 2.99E-002 0.000 0.3567 0.9000 0.9000 0.55 1 1 2.3E-002
+002 1.26E-002 0.000 0.4208 0.9000 0.9000 0.53 1 1 1.3E-002
+002 3.42E-003 0.000 0.2716 0.9000 0.9000 0.77 1 1 3.8E-003
+002 8.99E-004 0.000 0.2629 0.9000 0.9000 0.86 1 1 1.1E-003
+002 5.48E-005 0.000 0.0610 0.9900 0.9900 0.96 1 1 6.7E-005
E+002 1.67E-008 0.319 0.0003 0.9900 0.0000 0.99 1 1 4.1E-005
+002 1.63E-011 0.000 0.0010 0.9803 0.9995 1.00 1 1 7.3E-008

+002 9.22E-014 0.000 0.0057 0.9942 0.9990 1.00 1 1 4.5E-010

iter seconds digits  c*x by
Inf-3.8539773158e+002 -3.8539773152e+002

Ax-b] = 7.7e-010, [Ay-c] + = 3.5E-009, [x|= 5.5e+002, [y|= 2.0e+002)

(Detailed timing (sec

Pre IPM Post

E+000 7.800E-002 0.000E+000- .- - -

,Max-norms: [/b/|=2, [[c/| = 35



.Cholesky [add|=0, [skip/ = 0, [/L.L]] = 3.05054

Status: Solved

Optimal value (cvx_optval): +384.398

x+10
ans =

27.0000
32.8437
32.8437
27.0000
32.0410
32.0410
27.0000
33.6658
33.6662
X =

17.0000
22.8437
22.8437
17.0000
22.0410
22.0410
17.0000
23.6658
23.6662
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Worimain T

File  Help
Problem Setup and Results Options
|| E Population -
Sobver: | ga - Genetic Algorithm ¥ .
Population type: | Double Vector
Problem -

; ; Populationsize: 1@ Use default: 20
Fitness function: @fcost

Number of variables: |9 ) Specify;

T

Creation function: | Use constraint dependent default
Constraints: ' )

Linear inequalities: A -A b |-b

Linzar equaliies: heg beg Initial population: @ Use default: []

Bounds: Lower: |[17,1717 1717171717 ' Upper: |[35,35,35,33,35,35,33,35,35] ) Specify. :[13,_13,15,13,13_,13_,13,_1
Nenlinear constraint function: l l Initial scores: @ Use default: []
Run solver and view results ) Specify:

[7] Use random states from previous run Initial range: @) Use default [01]

Pause Stop 0 Specity. |
Current iteration: 31 Cleat Bestiits | B Fitness scaling

TOPUTTZE IO TOTTg: Scaling function: | Rank
\Mfarning: Matrix is singular to working precision. =
Optimization terminatzd,
Objective function value: 334, 5474102245867
Optimization terminated: average change in the fitness value less than options. TolFun, =
AW
) [ El Selection
Final point: -
Selection function: | Stochastic uniform
l1a 2 3 4 3 a 7 g a A —
1705, 288 2843 17.001 n0 2m 17 23795 23,535
[ £l Reproduction
- ; Elite count: @ Use default: 2 .
i R )

Ao W e e ads ylal )by b oudg gus ¥ee Ly —Y-F

Dasdie 510 00B YO G ey obS ¥ sla JSu pla ) el Se Fe v Jalas Gl 5BLg 0yl 0
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S = [350 390 420 390 380 430350 400 480 380]"
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min (x —15)%.(x—15)



Subject to

050500000000 0[] 8+ (350x350)/(8x1100)]
000505000000 0[fy 8 + (420X 420)/(8 x 1100)
000050500000 O0f, 8 + (290 X290)/(8 x1100)
0000 050500000O0f~]_|8+(380x380)/(8x1100)
000000505000 O0[f,||8+(400x400)/(8x 1100)
0000000505000, | [8+(350x350)/(8x 1100)
000000005050 0[|, | |8+(400x400)/(8x1100)
00000000O05050ff, ' |8+ (280x280)/(8x 1100)
0000000000505 [; | |8+ (380x380)/(8x1100).
x = 40
x = 20

Calling sedumi: 45 variables, 12 equality constraints

For improved efficiency, sedumi is solving the dual problem

SeDuMi 1.21 by AdvOL, 2005-2008 and Jos F. Sturm, 1998-2003

Alg = 2: xz-corrector, Adaptive Step-Differentiation, theta = 0.250, beta = 0.500
eqs m = 12, order n = 35, dim = 46, blocks =2

nnz(A) =55 + 0, nnz(ADA) = 144, nnz(L) = 78

it: by gap delta rate t/tP* t/tD* feascgcg prec

E+001 0.000vx -

E+001 1.07E+001 0.000 0.4659 0.9000 0.9000 2.99 1 1 1.8E+000
E+002 4.58E+000 0.000 0.4273 0.9000 0.9000 1.43 1 1 6.7E-001
E+002 2.26E+000 0.000 0.4930 0.9000 0.9000 0.55 1 1 4.8E-001
E+002 1.03E+000 0.000 0.4559 0.9000 0.9000 0.54 1 1 3.0E-001
E+002 5.34F-001 0.000 0.5189 0.9000 0.9000 0.21 1 1 2.5F-001
+002 2.36E-001 0.000 0.4423 0.9000 0.9000 0.41 1 1 1.5E-001
E+002 1.15E-001 0.000 0.4854 0.9000 0.9000 0.14 1 1 1.2E-001

+002 4.63E-002 0.000 0.4044 0.9000 0.9000 0.40 1 1 6.2E-002



+002 2.14E-002 0.000 0.4622 0.9000 0.9000 0.26 1 1 4.3E-002
+002 7.82E-003 0.000 0.3653 0.9000 0.9000 0.53 1 1 2.0E-002
+003 3.44E-003 0.000 0.4402 0.9000 0.9000 0.54 1 1 1.1E-002
+003 9.96E-004 0.000 0.2892 0.9000 0.9000 0.77 1 1 3.6E-003
+003 3.06E-004 0.000 0.3069 0.9000 0.9000 0.85 1 1 1.2E-003
+003 6.13E-005 0.000 0.2005 0.9000 0.9000 0.96 1 1 2.4E-004
+003 5.91F-007 0.173 0.0096 0.9900 0.9900 0.99 1 1 2.4E-005
+003 1.68E-009 0.161 0.0028 0.9000 0.0000 1.00 1 1 1.7E-005
+003 4.57E-010 0.000 0.2716 0.3087 0.9000 1.00 1 1 5.8E-006
E+003 1.98E-012 0.000 0.0043 0.9990 0.9965 1.00 1 1 3.1E-008

E+003 1.50E-0130.172 0.0759 0.9900 0.9442 1.00 2 2 2.3E-009

iter seconds digits  c*x by
Inf-1.1534805508e+003 -1.1534805499%e+003

Ax-b] = 4.5e-009, [Ay-c[ + = 1.8E-008, [x|= 1.6e+003, [y/= 5.8e+00.
J Y

(Detailed timing (sec

Pre IPM Post

E-002 1.404E-001 0.000E+000x Ax -
,Max-norms: [/b/|=2, [/c/| = 40

.Cholesky [add|=0, [skip/ = 0, |/L.L]] = 15.6854

Status: Solved
Optimal value (cvx optval): +1152.48

ans =

36.6185
37.2215
43.3465
42.7435
35.0906
43.7274



38.6346
41.1810
41.1810
39.4090
39.4090
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Eh Optimization Tool

file  Help

Problem Setup and Results

Options

Solver | ga - Genetic Algorithm
Problem

Fitness function: ~ @fcost

humber of variables; 11

Constraints:

Linear inequalities: A -4
Linezr equalities: Aeg:
Bounds:

Nenlingar constraint function:
Run solver and view results

|| Use random states from previous run

Start | Pause

Current iteration: 53[

Lower: 20,20,20,20,20,20,20,20.20,20,20]

|| E Population .

Population type:  Double Vector
Population size. @ Use default: 20
() Spectfy:

Creation function:  Use constraint dependent defaul
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Initial scores: @) Use default: []
) Spectfy:
Initial range: @ Use default; [04]
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=l Fitness scaling

Clear Results
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Results may be inaccurate, RCOND = 1. 1887776016,
Cintimization terminated.
Ohjective functian value: 1150,643089210857

Citimization terminated: average thange in the fimess value less than optians, TolFun, 3

Sealing function: Rank
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