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Sudarat Somkane 2014: Maintenance Planning for Electric Power Distribution Systems
using Markov Model: A Case Study of MEA Samsen District. Master of Engineering
(Electrical Engineering), Major Field: Electrical Engineering, Department of Electrical
Engineering. Thesis Advisor: Assistant Professor Dulpichet Rerkpreedapong,

Ph.D. 77 pages.

The purpose of this thesis is to present the procedure of maintenance planning of
electrical power distribution systems using a Markov Model technique for the Metropolitan
Electricity Authority (MEA) Samsen district. The Weibull distribution procedure is used to
evaluate the failure rate using interruption record of the MEA Samsen district. The average failure
rate is considered as the parameter of the Markov Model to calculate the probability of being in
the normal and failure states of the electrical power distribution system. Consequently, the
calculation method of the expenses in all states can be illustrated. The above steps are applied to
determine the suitable maintenance frequency for the distribution system subject to a limited
budget using an optimization technique. In future, this presented procedure can be applied to any

other MEA electrical power distribution systems for optimal maintenance planning.
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Cuckoo Search via Lévy Flights
begin
Objective function f(x), x = (z1,....,xq)"
Generate initial population of
n host nests x; (i = 1,2, ...,n)
while (t <MaxGeneration) or (stop criterion)
Get a cuckoo randomly by Lévy flights
evaluate its quality/fitness F;
Choose a nest among n (say, j) randomly
if (F; > E;)
replace j by the new solution;
end
A fraction (pg) of worse nests
are abandoned and new ones are built;
Keep the best solutions
(or nests with quality solutions);
Rank the solutions and find the current best
end while
Postprocess results and visualization
end

MUN 9 MIsUMTUNIY (Pseudo code) YBINIAUNMUUUNN UK

AN Yang and Deb (2009)
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Date Feeder From to Minutes Cause
12/2/2552  SS-421  8:36 8:38 2 linswaung
16/2/2552  SS-421  9:26 9:28 2 NIZION, NIZUA, WY
11/3/2552  SS-428  7:06 7:08 2 linswaung
20/3/2552  SS-424  15:48  15:50 2 linswaunag
31/3/2552  SS-415  18:50  19:19 29 Aa'lhin
9/5/2552  SS-415 2229 2231 2 lunswauneg
9/5/2552  SS-415  23:04  23:06 2 lunswaung
13/6/2552  SS-415  6:49 6:51 2 un
8/7/2552  SS-415 1438  14:40 2 Aa'lyf
27/7/2552  SS-421  6:51 6:53 2 N3Z30N, NTZUA, HY
22/8/2552  SS-415 7:29 7:31 2 NITIVN, NITLA, ‘Vii;jl
29/8/2552  SS-422 1444  14:46 2 un

30/8/2552  SS-421  21:57  21:59 2 e lfin
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Date Feeder From to Minutes Cause
12/9/2552  SS-431  18:04  19:46 102 a1 i
5/10/2552  SS-422  12:08  12:10 2 Whduazgilnsaisaw
25/10/2552  SS-421  7:04  7:09 5 352500, NTLUA, NY
27/10/2552  SS-421  22:01  22:04 3 Aa'lsd
2/11/2552  SS-421 1828  18:31 3 32500, NTLUA, NY
26/2/2553  SS-415  15:56  15:58 2 aungnINgna
7/3/2553  SS-424 1852  18:55 3 aInFANUaL Switching
17/3/2553  SS-422  11:28  11:30 2 Whduazgilnsaisay

152553 SS-415 1639  16:41 2 Aa'lyf
5/6/2553  SS-422 1638 16:40 2 Whduazgilnsaisay
3/8/2553  SS-428  2:10  2:24 14 N

5/8/2553  SS-428 411 413 2 AUNANGNM
13/8/2553  SS-421  12:39  13:02 23 T ln3¥ aaaindg)
24/9/2553  SS-411  14:18  14:39 21 a1 lvlihva
16/12/2553  SS-424  14:08  14:37 29 ae e
15/6/2554  SS-415  18:48  19:08 20 Aalhn
4/8/2554  SS-424  10:05  10:07 2 ou  @u'llanidu (Taglad wp))
12/8/2554  SS-428  7:23 7:26 3 linswauma
27/8/2554  SS-428  8:16 8:24 8 linswauma
19/10/2554 SS-428  19:08  19:59 51 aelvlihve
24/10/2554 SS-416 11:12  11:33 21 yARanouen
10/11/2554 SS-428  12:45  13:24 39 aedza
12/12/2554 SS-431  18:41  19:14 33 s @aaaind)
9/1/2555 SS-428 19:14 19:16 2 NITIVN, NTTLA, ‘Vilﬁl
17/1/2555  SS-431  18:08  18:18 10 s @aaaind)
25/1/2555  SS-417  20:03  20:38 35 Aal
10/2/2555  SS-411  16:00  16:10 10 Aa'lhin
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Date Feeder From to Minutes Cause
6/3/2555  SS-416  5:08 5:16 8 aelvlihva
6/3/2555  SS-416  5:47 6:21 34 MNUTONY
20/3/2555 SS-423  9:16 924 8 lunswaung
24/3/2555 SS-428 1523 16:40 77 N3ZI0N, NITUA, 1Y
31/3/2555  SS-425 1727 17:29 2 FannesuTag
17/5/2555  SS-411  12:30  12:34 4 linswauna
21/6/2555 SS-411  10:11  10:52 41 aelvlihve
6/7/2555  SS-415  17:56  18:13 17 X
15/8/2555 $S-422  17:39  17:41 2 Aa'led
28/8/2555  SS-424  4:17 4:32 15 W'ns aaaind)
10/9/2555 SS-428  11:30  11:41 11 aelvlihua
10/9/2555 SS-428  11:35  11:41 6 a1 vl
20/9/2555  SS-422  17:59  18:44 45 aulfdu
7/1/2556  SS-417 1123 11:35 12 wamdeaiuluiia
15/3/2556  SS-411 1524 18:18 174 U 7 (BN e
15/3/2556  SS-411  12:26  13:10 44 nifeutlagusedu
15/3/2556  SS-423  15:30  18:46 196 pesusaga
11/4/2556  SS-411 1424 14331 7 linswaung
12/4/2556  SS-415 1025 10:35 10 Aalhin
30/5/2556  SS-424  17:36  18:16 40 Tvaarhn
30/5/2556  SS-424  19:54  19:58 4 AINFANVUL Switching
25/9/2556  SS-415  6:27 6:36 9 linswauna
2/10/2556  SS-415  18:46  19:51 65 Aa'lhin

14/11/2556 SS-421  20:220  20:29 9 linswauna

16/11/2556  SS-421  5:07  5:09 2 lunswaung
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x=[...ﬁﬂﬁﬂ uptime...];
parameter = wblfit (x);
parameter (1)
parameter(2)

% alpha

% Beta
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nau Date Feeder From to Minutes Cause
1 31/3/2552  SS-415 18:50 19:19 29 Aa'lin
2 08/7/2552  SS-415 14:38 14:40 2 Aaly
3 18/8/2552  SS-415 13:01 13:02 1 Aa'lshin
4 30/8/2552  SS-415 10:06 10:07 1 na'lsY
5 27/10/2552  SS-421 22:01 22:04 3 na'lsY
6 01/5/2553  SS-415 16:39 16:41 2 Aaly
7 02/7/2553  SS-415 02:29 02:30 1 Aa'let
8 15/6/2554  SS-415 18:48 19:08 20 Aa'lin
9 25/1/2555  SS-417 20:03 20:38 35 aa'lsY
10 10/2/2555  SS-411 16:00 16:10 10 Aa'lshin
11 15/8/2555  SS-422 17:39 17:41 2 na'lsY
12 20/9/2555  SS-422 17:59 18:44 45 au 'l
13 12/4/2556  SS-415 10:25 10:35 10 na'lsf4n
14 02/10/2556  SS-415 18:46 19:51 65 Aa'lin
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a umfd; Date Feeder From to Minutes Cause
1 13/1/2552  $S-431 10:47 11:00 13 meldaudiga
2 09/4/2552  SS-431  19:25  19:32 7 awldaudisa
3 01/8/2552 SS-422 12:44 12:45 1 ﬂﬂ]lﬂsluﬂ”liﬁNTu"UﬂQ
woinaIAINes
4 12/9/2552  SS-431  18:04 19:46 102 ae i
5 05/10/2552 SS-422  12:08 12:10 2 Whduazeinsaliw
6 17/3/2553  SS-422 1128 1130 2 Waduazeinsaiiw
7 30/5/2553  SS-428  21:26  21:27 1 ae vl
8 05/6/2553 SS-422  16:38 1640 2 Waduazeinsaiiw
9 24/9/2553  SS-411  14:18 14:39 21 ae vl
10 16/12/2553 SS-424 14:08 14:37 29 ae vl
11 27/1/2554  SS-415  17:58  17:59 1 ou 1 (aauilaniaswy)
12 19/10/2554 SS-428 19:08 19:59 51 ae vl
13 10/11/2554 SS-428 12:45 1324 39 GRNEALTY
14 06/3/2555 SS-416 05:08 05:16 8 a1 lvihua
15 21/6/2555 SS-411  10:11 10:52 41 ae il
16 10/9/2555  SS-428  11:30  11:41 11 ae vl
17 25/12/2555 SS-416 22:08 22:09 1 AU
18 15/3/2556  SS-411  12:26  13:10 44 nifouaausadu
19 11/4/2556  SS-411  13:34  13:35 1 a1 lvlihva
20 13/7/2556  SS-422  12:46  12:47 1 ae vl
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Y
asn (g

H ana % { o ° o a 4 @ .
319 7 a0a Iihdadesniinisthyesnudedsannsginsaiilesnu Live Part

Q

mﬁ ! Date From to Minutes Cause Feeder
1 16/2/2552  09:26 09:28 2 N3LI0N, NTSUN, ©Y  SS-421
2 02/6/2552 14:34 14:35 1 un SS-421
3 13/6/2552  06:49 06:51 2 un SS-415
4 27/7/2552  06:51 06:53 2 NILION, NISUA, Y SS-421
5 22/8/2552  07:29 07:31 2 NILION, NTLUA, U SS-415
6 29/8/2552  14:44 14:46 2 un SS-422
7 25/10/2552  07:04  07:09 5 NILION, NISUA, Y SS-421
8 02/11/2552  18:28 18:31 3 N3LI0N, NTSUN, ©Y  SS-421
9 19/11/2552  06:12 06:13 1 N3LI0N, NTEUA, Y SS-415
10 13/12/2552  07:58 07:59 1 N32I0N, NTEUA, UY  SS-415
11 01/2/2553 10:57 10:58 1 N3LI0N, NTSUN, ©Y  SS-421
12 03/8/2553 02:10 02:24 14 J SS-428
13 09/1/2555 19:14 19:16 2 NILIDN, NISUA, ©Y  SS-428
14 24/3/2555 15:23 16:40 77 N3LI0N, NTSUN, Y SS-428
IS 06/7/2555 17:45 17:46 1 J SS-415

16 06/7/2555 17:56 18:13 17 N SS-415
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M1INNN 8 ANIAINTSUUNMNIUNDUILVAUDN nudeduun
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INNOUNIZUVUNINUNOUISUAUDY (HIN)

154,386 15,374 63,360 37,476 10,513
81,618 12,199 23,741 34,665 72,178

262,992 755,570 106,327 149,825 10

o 9

o 1 Ay vd A v Y Y o A a 9
1!1?’111/]1@1/]@14%@5]1?7@]131\11/] 8 1]152]11ﬂulmﬁﬁﬁﬂiﬂi}”lu?]u‘ﬂmﬂllww”IGIJWIJ’EN 1N
d' A g’z Y d' d' o 1 o 9 é S [ Y
AN1TNN 7 ABD 16 NI ‘1]3VlﬂigElm’m%ﬂﬁﬁmimJ‘U“VH\ﬂuﬂ’t]uﬂ%"llﬂ‘llf)\‘] (MTTF) #9uAUNINUY
v
111,264 mﬁ Lmzmmammmﬂﬂmmﬁ'mmm"lﬁ'mﬂmuﬂawm MTTF 10U 4.7239 33

a01)

Tagaznumin lisinisthyesnuiszuuas szuvgiiaonsimsnanuduman

9 9
i 4.7239 afeell aunsatlesnuldTasriinisthyesnuuuulivilslaaaaagilngsl

(% a g’; C4 [ 2 !
Hloeniu Live Part 5190z10oamsanagnsaidoani Live Part #3015199 9

a a o w Y an a g Y o .
N3N 9 51861glﬂﬂﬂﬂ1§ﬂ1§\15ﬂH"Iigﬂﬁﬂﬁﬂﬁ‘ﬁﬂ"liﬁﬂﬁﬂ’fgﬂﬂimﬂ'fNﬂLl Live Part

v v

NONTIN I (N/HHIE)  NUIUAAAINIHNA (AI) 53N (UIN)

fanda Drop Fuse Cover 1,200 90.00 108,000.00
#AAa Plastic Cable Guard 1,300 90.00 117,000.00
A1 Bird Protection Device 1,700 15.00 25,500.00
fARa Barrier 2,000 60.00 120,000.00

FINNINNA 370,500.00
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mil¥ae (U n)

Nsz@uHUMs (oY) MC,, TrC,, SC,, TrC,, TC, TOC,
1 6,000,000.00 807,087.88 2,770,520.73 58,831.03 3,636,439.64  9,636,439.64
2 3,000,000.00 875,882.88 3,006,675.89 63,845.70 3,946,404.47 6,946,404.47
3 2,000,000.00 1,363,338.69 4,679,983.66 99,377.80 6,142,700.15 8,142,700.15
4 1,500,000.00 1,473,816.45 5,059,224.80 107,430.85  6,640,472.10  8,140,472.10
5 1,200,000.00 1,528,148.98 5,245,734.11 111,391.31 6,885,274.40 8,085,274.40
6 1,000,000.00 1,560,833.87 5,357,932.74 113,773.81  7,032,540.42  8,032,540.42
7 857,142.86 1,582,438.56 5,432,095.97 115,348.64 7,129,883.18 7,987,026.03
8 750,000.00 1,598,089.08 5,485,820.08 116,489.45  7,950,398.61  7,200,398.61
9 666,666.67 1,609,885.31 5,526,313.45 117,349.31 7,920,214.74 7,253,548.07
10 600,000.00 1,619,370.94 5,558,875.12 118,040.75  7,896,286.80  7,296,286.80
11 545,454.55 1,626,313.63 5,582,707.55 118,546.82  7,873,022.54  7,327,568.00
12 500,000.00 1,632,717.70 5,604,691.03 119,013.63 7,856,422.36 7,356,422.36
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anue

mil¥ae (Un)

NszAutiums (how) MC,, TrC,, SC,y TrC,, TC, TOC,
1 48,958,886.80 1,084,299.52  4,357,839.63 395,189.04  54,796,214.98 5,837,328.18
2 2447932197 132085606  5,308,569.03 48140557 31,590,152.63 7,110,830.66
3 16318,723.02 373148455 1499697351  1,359,994.86  36,407,175.95  20,088,452.92
4 12,238,848.98  4,484,567.64  18,023,642.16  1,634467.16  36,381,525.94  24,142,676.96
5 9,790,997.17  4,883,972.45  19,628,864.76  1,780,036.17  36,083,870.55 26,292,873.38
6 8,159,121.55  5,133,851.74  20,633,138.81  1,871,10838  35,797,220.48  27,638,098.93
7 6,993,507.99  5302,737.79  21,311,898.05  1,932,661.40  35540,80523  28,547,297.24
8 6,119,303.48  5427,507.22  21,813350.98  1978,13547  35338297.15  29,218,993.67
9 5439369.99  5522,888.00  22,196,689.81  2,012,89841  35171,84620  29,732,476.21
10 489542498  5,600,901.96  22,510230.80  2,041,331.75  35047,889.50  30,152,464.52
11 4,450,381.06  5657,539.43  22,737,858.86  2,061,974.12  34907,753.46  30,457,372.40
12 4,079,511.36  5,711,407.26  22,954355.67  2,081,607.05  34,826,88134  30,747,369.98
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N3zANHUMI(AOY) MC,, TrC,, SC,y TrC,, TC, TOC,
13 3,765,699.84  5,748,837.72  23,104,790.07  2,095249.14  34,714,576.77  30,948,876.93
14 3,496,718.65 5,784,762.45  23,249,172.88  2,108,342.44  34,638,996.42  31,142,277.77
15 3263,601.70  5819,354.61  23,388200.03  2,120,950.06  34,592,106.41  31,328,504.70
16 3,059,625.17  5,841,664.60  23,477,86471  2,129,081.27  34,508,235.75  31,448,610.58
17 2,879,645.91 5,863,265.43  23,564,679.21  2,136,954.01  34,444,54456  31,564,898.65
18 2,719,664.39 5388422256  23,648906.70  2,144,592.15  34397,385.79  31,677,721.41
19 2,576,523.05  5904,591.93  23,730,771.93  2,152,016.06  34,363,90297  31,787,379.92
20 2,447,695.88 592442175  23.810,468.71  2,159,24334  34,341,829.68  31,894,133.79
21 2331,13839  5935,541.07  23,855,157.70  2,163,295.94  34285,133.11  31,953,994.71
22 2,225,177.05 5946,398.37  23,898,793.58  2,167,253.04  34237,622.05  32,012,444.99
23 2,128,429.75 5957,011.86  23,941,449.58  2,171,121.29  34,198,01247  32,069,582.73
24 2,039,744.73 5967,397.73  23,983,190.77  2,174,906.57  34,165,239.80  32,125,495.07
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NszAUIUNS (1A1) MC,, TrC,, SC,, TrC,, TC, TOC,
25 1,958,154.52 5,977,570.44 24,024,075.27 2,178,614.17 34,138,414.41 32,180,259.89
26 1,882,840.50 5,987,542.99 24,064,155.29 2,182,248.81 34,116,787.58 32,233,947.09
27 1,813,10529  5997,327.07  24,103477.88  2,185814.76  34,099,725.00  32,286,619.71
28 1,748,351.18 6,006,933.30 24,142,085.66 2,189,315.89 34,086,686.03 32,338,334.85
29 1,688,062.87 6,016,371.31 24,180,017.39 2,192,755.72 34,077,207.29 32,389,144.42
30 1,631,793.79  6,025,649.90  24217,30840  2,196,137.44  34070,889.53  32,439,095.74
31 1,579,155.16  6,029,369.66 2423225825  2,197,493.16 3403827623  32,459,121.08
32 1,529.806.44  6,033,031.59  24246975.68  2,198,827.81  34008,641.52  32,478.835.08
33 1,483,448.56 6,036,638.39 24,261,471.52 2,200,142.36 33,981,700.82 32,498,252.26
34 1,439,817.61 6,040,192.54 24,275,755.78 2,201,437.72 33,957,203.65 32,517,386.04
35 1,398,679.86 6,043,696.35 24,289,837.73 2,202,714.74 33,934,928.68 32,536,248.82
36 1,359,827.55 6,047,151.97 24.303,725.99 2,203,974.19 33,914,679.69 32,554,852.14
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%) %) MC, TrC, SC,e TrC,, TC, TOC,
0 47939 0.00 1,620,116.15  2,863,768.99 70,857.04 455474218 4,554742.18
10 4.5722 37,050.00 1,568,096.19 2,771,816.86 68,581.91 4,445,544.96 4,408,494.96
20 4.4205 74,100.00 1,516,076.18 2,679,864.63 66,306.77 4,336,347.59 4,262,247.59
30 4.2688 111,150.00 1,464,056.13 2,587,912.32 64,031.64 4,227,150.08 4,116,000.08
40 41172 148,200.00 1,412,036.02 2,495,959.92 61,756.50 4,117,952.43 3,969,752.43
50 3.9655 185,250.00 1,360,015.86 2,404,007.43 59,481.35 4,008,754.64 3,823,504.64
60 3.8138 222,300.00 1,307,995.65 2,312,054.85 57,206.21 3,899,556.71 3,677,256.71
70 3.6621 259,350.00 1,255,975.40 2,220,102.18 54,931.06 3,790,358.64 3,531,008.64
80 3.5104 296,400.00 1,203,955.09 2,128,149.43 52,655.91 3,681,160.43 3,384,760.43
90 3.3588 333,450.00 1,151,934.73 2,036,196.59 50,380.76 3,571,962.08 3,238,512.08
100 3.2071 370,500.00 1,099,914.33 1,944,243.65 48.,105.61 3,462,763.59 3,092,263.59
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#10819 Code 11511051 MATLAB dmsumsmiaiming aunga lunaumiiigesnyssuy

o [ )] a1 FY 9 an F)
%1141!1817‘]%'1 aDIUyDYLLT UL 1uﬂ1iqu1uﬂiﬁﬁ3\‘] AT Y AYITMIAUHILVUUN

NH
% === === %
% Files of the Matlab programs included in the book : %
% Xin-She Yang, Nature-Inspired Metaheuristic Algor ithms, %
% kate edited, %
% Second Edition, Luniver Press, (2010). www.luni ver.com %
% === === %
% Cuckoo Search for nonlinear constrained optimizat ion %
% Programmed by Xin-She Yang @ Cambridge University 2009 %
function [bestsol,fval]=cuckoo_search_spring_1(time )
format long;
if nargin<1l,

% Number of iteraions

time= 5000;
end

disp('Computing ... it may take a few minutes.");

% Number of nests (or different solutions)
n=25;

% Discovery rate of alien eggs/solutions
pa=0.25;

% Simple bounds of the search domain
% Lower bounds and upper bounds

Lb=[1 1 0];
Ub=[12 36 10];

% Random initial solutions

for i=1:n,
nest(i,:)=Lb+(Ub-Lb).*rand(size(Lb));
end

% Get the current best
fithess=10710*ones(n,1);

[fmin,bestnest,nest,fithess]=get_best nest(nest,nes t,fitness, 0,
time);

N_iter=0;

%% Starting iterations

for t=1:time,

% Generate new solutions (but keep the current best)
new_nest=get_cuckoos(nest,bestnest,Lb,Ub);
[fnew,best,nest,fithess]=get_best_nest(nest,ne w_nest,fitness, t,

time);

% Update the counter



N_iter=N_iter+n;
% Discovery and randomization
new_nest=empty_nests(nest,Lb,Ub,pa) ;

% Evaluate this solution
[fnew,best,nest,fithess]=get_best _nest(nest,n
t, time);
% Update the counter again
N_iter=N_iter+n;
% Find the best objective so far
min objective;
if fnew<fmin,
fmin=fnew;
[tt ,money] =setu(best) ;
fmin = tt(1) + tt(2) + tt(3);
best
tt
end

end %% End of iterations

%% Post-optimization processing

%% Display all the nests

disp(strcat('Total number of iterations=",num2str(t
fmin

best

money

%% --------------- All subfunctions are list below
%% Get cuckoos by ramdom walk

function nest=get_cuckoos(nest,best,Lb,Ub)
% Levy flights

n=size(nest,1);

% Levy exponent and coefficient

% For details, see equation (2.21), Page 16 (chapte
% X. S. Yang, Nature-Inspired Metaheuristic Algorit

Luniver Press, (2010).
beta=3/2;

sigma=(gamma(1+beta)*sin(pi*beta/2)/(gamma((1+beta)

1)/2)))(1/beta);

for j=1:n,
s=nest(j,:);
% This is a simple way of implementing Levy fli
% For standard random walks, use step=1;
%% Levy flights by Mantegna's algorithm
u=randn(size(s))*sigma;
v=randn(size(s));
%step=u./abs(v)."(1/beta);
step= 1,
% In the next equation, the difference factor (
% when the solution is the best solution, it re
stepsize=0.01*step.*(s-best);
% Here the factor 0.01 comes from the fact that
typical
% step size of walks/flights where L is the typ

% otherwise, Levy flights may become too aggres
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% which makes new solutions (even) jump out sid
domain
% (and thus wasting evaluations).
% Now the actual random walks or flights
s=round(s+stepsize.*randn(size(s)));
% Apply simple bounds/limits
nest(j,:)=simplebounds(s,Lb,Ub);
end

%% Find the current best nest
function [fmin,best,nest,fitness]=get_best_nest(nes
t, time)
% Evaluating all new solutions
for j=1:size(nest,1),
fnew=fobj(newnest(j,:), t, time);
% min objective
if fnew<=fitness(j),
% max objective
% if fnew >=fitness(j),
fithess(j)=fnew;
nest(j,:)=newnest(j,:);

end
end
% Find the current best
[fmin,K]=min(fitness) ;
best=nest(K,:);

%% Replace some nests by constructing new solutions

function new_nest=empty nests(nest,Lb,Ub,pa)

% A fraction of worse nests are discovered with a p
n=size(nest,1);

% Discovered or not -- a status vector
K=rand(size(nest))>pa;

% In real world, if a cuckoo's egg is very similar
then
% this cuckoo's egg is less likely to be discovered
should
% be related to the difference in solutions. There
idea
% to do a random walk in a biased way with some ran
nestnl=nest(randperm(n),:);
nestn2=nest(randperm(n),:);
%% New solution by biased/selective random walks
stepsize=rand*(nestnl-nestn2);
new_nest=nest+stepsize.*K;
for j=1:size(new_nest,1)
s=new_nest(j,));

new_nest(j,:)=round(simplebounds(s,Lb,Ub));

end

% Application of simple constraints
function s=simplebounds(s,Lb,Ub)
% Apply the lower bound
ns_tmps=s;
I=ns_tmp<Lb;
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ns_tmp()=Lb(l);

% Apply the upper bounds
J=ns_tmp>Ub;
ns_tmp(J)=Ub(J);

% Update this new move
s=ns_tmp;

%% Spring desgn optimization -- objective function

function z=fobj(u, t, time)
% The well-known spring design problem
%z=(2+u(3))*u(1)"2*u(2);

%z=(.3* u(1)"2) + (0.12*u(2)"2) + 5.3*u(1) + 8.7*

%z= 54*u(1l) + 46*u(2);
if t > (time * 0.9)
u;
%z,
end
[tc, u] = setu(u);

z =tc(1) + tc(2) + tc(3);
if t > (time * 0.9)
u;
Z,
end
%z=(u(1) -6)"2 + (u(2)-7)"2;
%z=6.5* u(1) - (0.5*u(1)"2) - u(2) - 2*u(3) + 3*u
u(6);
%z = 40 *u(1) + 88* u(2);
%min option

z=z+getnonlinear(u);
%max option
%z=z * getnonlinear(u);

function Z=getnonlinear(u)
Z=0;

% Penalty constant

%min option

lam=10"15;

%max option

%lam = 1;

% Inequality constraints
o=[I;
gmin=[J;

gmin(1) = u(l) + u(2) + u(3) - (2500000);

% No equality constraint in this problem, so empty;

geq=[l;

%geq(1) = u(l) + u(?) - 11;

% Apply inequality constraints
for k=1:length(g)

u(2) + 1.24;

(4) - 2*u(5) -
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Z=Z+ (lam*g(k)"2)*getH(g(k));
end
% Apply inequality constraints
for k=1:length(gmin)

Z=7Z+ (lam*gmin(k)*2)*getHmin(gmin(k));

end

% Apply equality constraints

for k=1:length(geq)
Z=Z+(lam*geq(k)"2)*getHeq(geq(k));

end

% Test if inequalities hold
% Index function H(g) for inequalities
function H=getH(g)
if g>=0,
H=0;
else
H=1,;
end
function H=getHmin(gmin)
if gmin<=0,
H=0;
else
H=1,
end

% Index function for equalities
function H=getHeq(geq)
if geq==0,
H=0;
else
H=1;
end

function [tc, u] =setu(u)
iful)==1,
u(1) = 6000000;
tc(1) = 9636440;
elseif u(l) == 2,
u(1) = 3000000;
tc(1) = 6946404,
elseif u(1) == 3,
u(1) = 2000000;
tc(1) = 8142700;
elseif u(l) == 4,
u(1) = 1500000;
tc(1) = 8140472;
elseif u(1) ==5,
u(1) = 1200000;
tc(1) = 8085274,
elseif u(l) == 6,
u(1) = 1000000;
tc(1) = 8032540;
elseif u(1)==7,
u(l) = 857142;
tc(1) = 7987026;
elseif u(1)==8,
u(1) = 750000;
tc(1) = 7950399;
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elseif u(1)==9,
u(l) = 666667;
tc(1) = 7920215;
elseif u(1)==10,
u(1) = 600000;
tc(1) = 7896287;
elseif u(1)== 11,
u(l) = 545455;
tc(1) = 7873023;
elseif u(1) == 12,
u(1) = 500000;
tc(1l) = 7856422;
else
u(d) =0;
tc(1) = 100000000000;
end

ifu(2<=1,

u(2) = 48958887;

tc(2) = 54796214.98;
elseif u(2)==2,

u(2) = 24479322;

tc(2) = 31590152.63;
elseif u(2)==3,

u(2) =16318723;

tc(2) = 36407175.95;
elseif u(2) == 4,

u(2) = 12238849;

tc(2) = 36381525.94;
elseif u(2) ==5,

u(2) = 9790997;

tc(2) = 36083870.55;
elseif u(2) == 6,

u(2) = 8159122;

tc(2) = 35797220.48;
elseif u(2) == 7,

u(2) = 6993508;

tc(2) = 35540805.23;
elseif u(2) == 8,

u(2) = 6119303;

tc(2) = 35338297.15;
elseif u(2) == 9,

u(2) = 5439370;

tc(2) = 35171846.2;
elseif u(2) == 10,

u(2) = 4895425;

tc(2) = 35047889.5;
elseif u(2) == 11,

u(2) = 4450381,

tc(2) = 34907753.46;
elseif u(2) == 12,

u(2) = 4079511;

tc(2) = 34826881.34;
elseif u(2) == 13,

u(2) = 3765700;

tc(2) = 34714576.77,;
elseif u(2) == 14,

u(2) = 3496719;
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tc(2) = 34638996.42;
elseif u(2) == 15,

u(2) = 3263602;

tc(2) = 34592106.41;
elseif u(2) == 16,

u(2) = 3059625;

tc(2) = 34508235.75;
elseif u(2) == 17,

u(2) = 2879646;

tc(2) = 34444544.56;
elseif u(2) == 18,

u(2) = 2719664;

tc(2) = 34397385.79;
elseif u(2) == 19,

u(2) = 2576523;

tc(2) = 34363902.97;
elseif u(2) == 20,

u(2) = 2447696;

tc(2) = 34341829.68;
elseif u(2) == 21,

u(2) = 2331138;

tc(2) = 34285133.11;
elseif u(2) == 22,

u(2) = 2225177,

tc(2) = 34237622.05;
elseif u(2) == 23,

u(2) = 2128430;

tc(2) = 34198012.47;
elseif u(2) == 24,

u(2) = 2039745;

tc(2) = 34165239.8;
elseif u(2) == 25,

u(2) = 1958155;

tc(2) = 34138414.41;
elseif u(2)== 26,

u(2) = 1882840;

tc(2) = 34116787.58;
elseif u(2)== 27,

u(2) = 1813105;

tc(2) = 34099725;
elseif u(2) == 28,

u(2) = 1748351,

tc(2) = 34086686.03;
elseif u(2) == 29,

u(2) = 1688063;

tc(2) = 34077207.29;
elseif u(2) == 30,

u(2) = 1631794;

tc(2) = 34070889.53;
elseif u(2) == 31,

u(2) = 1579155;

tc(2) = 34038276.23;
elseif u(2)== 32,

u(2) = 1529806;

tc(2) = 34008641.52;
elseif u(2) == 33,

u(2) = 1483449;

tc(2) = 33981700.82;
elseif u(2) == 34,
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u(2) = 1439818;

tc(2) = 33957203.65;
elseif u(2) == 35,

u(2) = 1398680;

tc(2) = 33934928.68;
elseif u(2) >= 36,

u(2) = 1359828;

tc(2) = 33914679.69;
else

u2) =0;

tc(2) = 100000000000;

end

if u(3) >= 10,

u(3) = 370500;

tc(3) = 3462763.591;
elseif u(3)==19,

u(3) = 333450;

tc(3) = 3571962.081;
elseif u(3)==8,

u(3) = 296400;

tc(3) = 3681160.432;
elseif u(3)==7,

u(3) = 259350;

tc(3) = 3790358.642;
elseif u(3)==6,

u(3) = 222300;

tc(3) = 3899556.712;
elseif u(3)==5,

u(3) = 185250;

tc(3) = 4008754.642;
elseif u(3)==4,

u(3) = 148200;

tc(3) = 4117952.431;
elseif u(3)== 3,

u(3) = 111150;

tc(3) = 4227150.08;
elseif u(3)==2,

u(3) = 74100;

tc(3) = 4336347.588;
elseif u(3)==1,

u(3) = 37050;

tc(3) = 4445544.957;
elseif u(3) <=0,

u@3) =0;

tc(3) = 4554742.185;
else

u@3)=0;

tc(3) = 100000000000;

end

% end
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