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Lecture — 24
Case Study: Production Planning MATLAB Implementation

'Welcome back. In this session, what we will be doing is we will be first coding the Production
Planning problem which we have discussed previously and then we will plug it with
optimization algorithm right. So, we will be plugging it initially with TLBO. So, the first part
of this session is going to focus on developing the fitness function file for the production

planning problem right.

(Refer Slide Time: 00:53)

Case Study: Production Planning Industry

unit| Product| Process [_{unif

0
0 0
0 0
2 0 0
7. 0 0
P 3 i 5 104 0 0
N @ 40 80 160 | 385 62 120 662 928 1532 5
Gt | Iy 40 80 160 318 571 1053 40 614 951 105 0y 0w
0735 LU PN /AVCR 80 378 57 949 1066 1517 2315 |05103 0 0
01450 - TS ,?m g @ r& 385 656 191 828 1254 207 06289 0 0
PIOCf 90 us0 60 || 922 192 2909 || 2355 3907 6987 [ 08648 0 0
PIL Ol 90 180 360 86.7 1541 2877 || 1858 3045 5371 [0956 0 0
- P2 || %0 180 360 958 175 3309 119 1794 2802 08265 0 0
01130 T6
PL3 Il 90 180 360 875 1512 249 [ 2123 3627 6517 0785 0 0
PU | 90 180 360 1059 1966 3752 1098 1643 2631 | 08101 0 0
P50 180 360 931 1BL1 2394 217 el 6727 |08782 0 0
P16 7 72 5 74 [ 0815 0 0
080 o £ 500 100 200 | 414 68; 172 || 1155 1804 2874
P17 50 100 200 349 62 1116 637 1002 1563 || 06994 0 0
0450 T8 P8 | 60 120 240 366 62.1 1208 231 32 507 [03784 0 0
an S

So, just to recollect the problem right so, here we will be having few processes right. So, in

the slide, we have shown you only 8 products, but there are 24 such products right. So, as we




can see product 1 can be produced by three process. Process 1, process 2, process 2; 2 can be
produced by 4 5, 3 can be produced by 6 7 and so on right. So, we will be having till P 54
right. So, 24 products that can be produced by 54 processes; again not all products can be

produced by every process right

So, these are the production costs associated with each process. So, process 1 if we operate at
low capacity level, we will have a capacity of 70 right; so, 70 units of product per year, so,
you can take it as 70 tons per year. Similarly if we operate it at medium level it is 135 tons per

year and if we operate it at h j, it is 270 tons per year right. So, the production cost is also

given right.

So, if we produce 70, the production cost is 50.7; if you produce 135, the production cost is
90.1. If we produce 270, the production cost is 170.9. So, in between these if we produce. So,
if we produce between seventy and 35, then we will have to use the line connecting 70 comma
50.7, 135 comma 90.1 to find out the production cost at any production which is between 70

and 135 right.

So, similarly we will be having this investment cost. So, if we produce 70 units per year the
amount of investment cost that will require is 55 monitory units per unit of product. If we
produce 135, the investment cost is 81.1. If we produce 270, the investment cost is 131.6

right. So, this is true for all the 54 processes and then we have three types of raw material raw|

material 1, raw material 2, raw material 3.

So, at least this first 18 process which we have do not consume raw material 1 and raw
material 3 right. So, if you remember the previous slides some of the rest of the processes
consume R 2 and R 3 right. So, this is the amount of raw material 1 that is required to produce
1 unit of product right. So, if we decide to produce 70 units from process 1, then it is 0.948
into 70.




So, similarly we are also given the selling price right. So, if we sell 1 unit of product T 1, the
amount that we get is 0.975. So, if we produce 100, units over here then it is 100 into 0.975.

So, our first job is to get this data.
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3 |% data has been taken from https://www.tandfonline.com/doi/pdf/10.1080/03052150215722

4

5 % the production levels of the various processes at which the production and investment costs are known

6= |1 =70 75 77.5 70 47.5 40 40 45 40 %0 90 90 90 90 90 50 50 €0 100 50 25 25 125 125 250 90 67.5 70 70 70 100 75 1245,
7= m= [135 150 155 145 95 80 80 90 80 180 180 180 180 180 180 100 100 120 200 100 50 50 250 250 500 180 135 135 13

9
10 th ious p es at the three production level
1 L] nd high)

12- |il = (55 58 60.2 55.1 43.3 66.2 40 106.6 82.8 233.5 185.8 119 212.3 109.8 221.7 115.5 63.7 23.1 117.6 62.5 73.1 46.5
13- |im = [81.1 85.1 86.8 83.1 66.8 92.8 61.4 151.7 125.4 390.7 304.5 179.4 362.7 164.3 376.1 180.4 100.2 33.2 186 114 101.
14= |ih = [131.6 132.4 134.1 132 104.3 153.2 95.1 231.5 207 698.7 537.1 269.2 657.7 263.1 €72.7 267.4 156.3 50.7 307.5 209.

e various processes at the three production levels

18- |cl = (50.7 56.8 56.9 51.7 38.2 38.5 31.8 37.8 38.5 92.2 86.7 95.8 87.5 105.9 93.1 41.4 34.9 36.6 67.6 33 28.7 24 63.8
19= cm = [90.1 103.8 103.7 97.6 69.8 €5.2 57.1 57.7 €5.6 159.2 154.1 175 157.2 196.6 131.1 68.7 62 62.1 125.2 3.1 48.3
20= |ch = [170.7 196.2 195.7 184.8 130.4 120.7 105.5 94.9 119.1 290.9 267.7 330.9 294.9 375.2 239.4 117.2 111.6 120.8 237,

22 selling price for unit quantity of the product
23~ |SP = [0.975 0.975 0.975 0.975 0.975 0.78  0.78 0.735 1.45 1.13 1.13 1.13 1.13 1.13 1.13 0.83 0.83 0.45 0.74 0.74 1.2

«
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So, what we will do is we will separate the data. So, we will get all the data over here. So,
what we have is a function file right. So, the name of the function file is
ProductionPlanningData right. So, you can give any other name that you would want right.

So, we have given ProductionPlanningData.

So, there is no input to the this function right. So, here if you see on the right hand side, we
are not passing any input. This function will only give us the output. So, what we will be doing

is we will be calling this function whenever we want to evaluate the fitness function right. So,




to get the data we do not need to supply any input right. So, these are the 3 production levels

right.

So, whatever you see in this slide 71, 35, 270 right so, this is 70, the low level the medium

level is 135, the high level is 270 right. For the second process, it is 75, 150, 300; so, 74, 150,
300 right.
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7- ¢ 250 250 500 180 135 135 135 135 200 150 245 100 365 365 360 430 430 170 25 25 830 830 830 450 450 450 450 25 25

8= 00 500 500 1000 360 200 270 270 270 400 300 490 200 540 540 550 590 590 340 50 50 1660 1660 1660 680 680 €80 €80 50 50

23.1 117.6 62.5 73.1 46.5 49.2 79.1 134 142.6 82.7 56.9 63.4 66.5 51.4 46.9 82.4 72 125.6 116.4 133.2 210.9 243.5
13- 80.4 100.2 33.2 186 114 101.1 70.7 74.4 144.2 229.9 234.8 133.6 84.5 84.5 96.2 83 €6 116.6 117.7 195.9 168.2 196.3 27§
287.4 156.3 50.7 307.5 209.6 148 110.1 112.8 258.1 392.2 397.5 1B1.3 131.5 136.9 147.7 144.5 98.6 175.6 199.7 259.6 2

18- 9 36.6 67.6 33 26.7 24 63.8 68.5 101.5 50.3 53.9 42.1 44.6 44.6 55.7 48.3 92 34.9 63.2 60.3 64.7 48.3 52.8 19.4 6.6
19- .7 62 €2.1 125.2 €3.1 48.3 43.1 123.5 134.5 195 90 101.2 75.1 77.5 78.8 106.8 90.2 174 €3.9 111.4 103 110.2 65 71.
20- 39.4 117.2 111.6 120.8 237.2 163.8 86 79.5 241 264 377 165.6 146.4 141.8 147.7 148 208.4 172.8 336.2 120.4 156.6 142.

23~ 0.83 0.83 0.45 0.74 0.74 1.25 1.25 0.43 0.43 0.43 0.6 0.69 0.86 0.86 0.86 0.9 0.9 0.9 0.87 0.48 0.48 0.48 0.16 0.16
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Like this we have 54 values in each of this variable right. So, 1 is a column vector right. So, it
will have 54 rows and 1 column right. So, we have typed it as row vector. But you have use
the transpose over here. Similarly m will contain 54 values and h will also contain 54 values.

So, we have taken this data 1 m h into this file right. Similarly we need to take the investment

cost right. So, il denotes the investment cost for the low level.




Here if we see the investment cost is over here. So, it is 55 81 and 131.6. So, 55, 81, 136.6
and the second one is 58 81.6 132.4; 58 81.6 132. Just like for each production capacity, we
will have a investment cost right. So, if we decide to produce 70, the investment cost is going
to be 55. If you decide to produce 135, the investment cost would be 81.1. If we decide to

produce 270, the investment cost would be 131.6.

If we decide to produce anything between 70 and 135 the investment cost has to be calculated
using this 55 and 81.1. So, that we will be doing later, right now we are only entering the data

whatever we have.
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8- |h = [270 300 310 290 190 160 160 180 160 360 360 360 360 360 360 200 200 240 400 300 100 100 500 500 1000 360 200 270 = o **

10 % investment costs of the various processes at the three production levels
11 (low, medium and high)

12= il = (55 58 60.2 55.1 43.3 66.2 40 106.6 82.8 233.5 185.8 119 212.3 109.8 221.7 115.5 63.7 23.1 117.6 62.5 73.1 46.5
13- |im = [81.1 85.1 86.8 83.1 66.8 92.8 61.4 151.7 125.4 390.7 304.5 179.4 362.7 164.3 376.1 180.4 100.2 33.2 186 114 101.
14= |ih = [131.6 132.4 134.1 132 104.3 153.2 95.1 231.5 207 €98.7 537.1 289.2 €57.7 263.1 6€72.7 267.4 156.3 50.7 307.5 209.

16 % production cost f the various processes at the thr

17 |3 (Low, mediun and high)

18= |cl = [50.7 56.8 56.9 51.7 38.2 38.5 31.8 37.8 36.5 82.2 86.7 95.8 87.5 105.9 93.1 41.4 34.9 36.6 61.6 33 28.7 24 63.8
19~ cm = [90.1 103.8 103.7 97.6 69.8 €5.2 57.1 57.7 65.6 159.2 154.1 175 157.2 196.6 131.1 68.7 62 62.1 125.2 €3.1 48.3
20- ch = [170.7 196.2 195.7 184.9 130.4 120.7 105.5 94.9 119.1 290.9 287.7 330.9 294.9 375.2 239.4 117.2 111.6 120.8 237,

22 % selling pri r unit quantity of the product

23= SP = [0.975 0.975 0.975 0.975 0.975 0.78  0.78 0.735 1.45 1.13%ones(1,€) 0.83 0.83 0.45 4.74 0.74 1.25 1.25 0.43
24

25 |8 raw material requird for producing unit quantity of product

26= mml = [0.948 0.9432 0.949 0.9546 0.955 1.045 1.05 0.5103 0.6289 0.8648 0.9546 0.6265 0.7875 0.8101
27- 2 = (zeros(l,24) 0.4678 0.7267 0.383 1.02 1.02 1.02 0.9461 0.9387 0.943 1.06 zeros(1,11) 0.2891
28 - mm3 = [zeros(l,37) 6.35 5.928 €.678 0 0 7.867 7.778 7.661 zeros(1,9)]";

f product (i) indicates the product produced by the ith proce

the value of product t P
31- ‘product =11 1 2 2 3 3 4 5 6 6 6 6 6 6 7 7 8 9 § 10 10 11 11 11 12 13 14,

'+ Bady ProducicrPasreglun ln B (ol 8
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So, similarly cl, cm, ch indicate the production cost corresponding to I m and h. So, here if we
see the production cost is 57.7, 90.1 and 170.7 for process one. So, cl is 57.7, 90.1, 170.7.
Similarly for the second process, it should be 56.8, 103.8 and 196.2 right; so, 56.8 1, 103.8




and 196.2 right. So, this is similar to I, m, h the ¢ 1 cm ch will be a column vector right. So, at

the end we have put this transpose over here. So, it will be a column vector.
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6= 415 415 415 225 225 225 225 12.5 12.5 45 125 125)";
T- 430 170 25 25 830 830 830 450 450 450 450 25 25 90 250 250]';
8- 0 580 340 50 50 1660 1660 1660 680 680 680 680 50 50 180 500 500]';

12- .5 51.4 46.9 82.4 72 125.6 116.4 133.2 210.9 243.5 87 15.3 17.9 224.6 228.5 199.1 116.9 115.6 125.2 125.2 26 27.7 10|
13- |.584.5 96,2 83 66 116.6 117.7 195,9 166.2 1963 276.2 322.4 119.5 20.2 26.2 365.5 384.6 371.5 190 191.8 192.7 202 40.
14- 1.3 131.5 136.9 147.7 144.5 98.6 175.6 199.7 259.6 213.5 248.9 356 412.6 196.7 32.7 44.9 682.1 727.6 702.9 265.1 266.8|

19- .5 78.8 106.8 90.2 174 63.9 111.4 103 110.2 €5 71.4 27.4 9.7 10.6 96.3 100.5 98 204.8 209.7 202.5 206.1 16.4 15.4
20— |4 141.8 147.7 148 208.4 172.8 336.2 120.4 156.6 142.6 154.6 85 92.7 47.3 17.7 19.4 184.3 194.3 167.6 306 313.5 302.6

23~ 86 0.86 0.9 0.9 0.9 0.87 0.48 0.48 0.48 0.16 0.16 0.16 0.5 0.5 0.15 0.15 0.15 0.76 0.76 0.76 0.76 0.7 0.7 0.735 0.§|

26— 1s(1,36)]';

71~ MH

e duget ' tand. Pt T
Hleememm ) A 0 = L}

So, what we have done so far. We have entered the production capacity, the investment cost
and the production cost right. So, selling price if we see over here so, this we can write it as
0.975, 3 times right. So, because T 1 is produced from process 1, process 2, process 3 and no
matter from which process it is produced, the production cost is 0.975. So, that is why we are

repeating this 0.975 3 times right; 0.975, 0.975, 0.975 and product 2 is produced from

product 4 and product 5 right, but the cost is 0.975.

So, that is why we again have 0.975 twice. So, product 3 is produced from process 6 and 7

and the selling price of product 3 is 0.78 right. So, we will have 0.78 twice because it can be

produced by two processes right. So, product T 4 can be produced only from process 8 and




the selling price is 0.735. So, here we have 0.735 just once. So, 1.13 is the selling price of
product 6 right and it can be produced by 6 processes right.

So, here we have 1, 2, 3,4, 5 and 6. So, we have this 6 times right. So, we could do this or we
could do 1.13 into 1s of 1 row and 6 columns right. So, this will also give us 1.1 3, 6 times
and then we have a product 7 which is produced from 2 processes right. Cost is 0.83. So,
0.83, 0.83 and we have product 8 which is produced only from process 18 and the selling
price is 0.45.

So, we have this 0.44 over here these are the values for the remaining processes. So, you can
go back and look at the slides right and then we have these 3 raw materials; raw material 1,
raw material 2, raw material 3 right. So, for example, 0.948 0.9432, 0.949 is the amount of
raw material required to produce 1 unit of product right. So, that is why we have 0.948,

0.9432 and 0.949 right.

So, similarly we have entered the values for the rest of the processes right. If you look at the
entire table, you will see that the first 24 processes do not require raw material two. So, here
at least for the 18 you can see. So, for raw material 3, the first 37 processes do not require
raw material 3. So, we have put 0 and then the values given are 6.35, 5.92, 6.678 and this last

9 processes also do not require raw material 3. So, we have put that also as 0Os.

So, right now what we have entered is the production capacities at which we know the
investment cost and the production cost, the selling price of each product that is coming from
each process right; the amount of raw material that is required for each of the 54 process. So,
that has been entered right. So, the next thing is to code this information that which of the

processes are producing which product right.

So, what we have done is we have defined the variable product right. So, for example, this is
the first value of product, this is the second value of product, this is the third value of product

right.




(Refer Slide Time: 09:29)
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8= [0 200 270 270 270 400 300 490 200 540 540 550 590 530 340 50 50 1660 1660 1660 680 680 680 680 50 50 180 500 5001'; = /%

12= 73.1 46.5 49.2 79.1 134 142.6 82.7 56.9 63.4 €6.5 51.4 46.9 82.4 72 125.6 116.4 133.2 210.9 243.5 87 15.3 17.9 224.6
13- |6 114 101.1 70.7 74.4 144.2 229.9 234.8 133.6 84.5 B4.5 96.2 83 66 116.6 117.7 195.9 168.2 196.3 278.2 322.4 119.5 20.
14= |307.5 209.6 148 110.1 112.8 258.1 392.2 397.5 181.3 131.5 136.9 147.7 144.5 98.6 175.6 199.7 259.6 213.5 248.9 356 412

18= |7 24 63.8 68.5 101.5 50.3 53.9 42.1 44.6 44.6 55.7 48.3 92 34.9 63.2 60.3 64.7 48.3 52.8 19.4 6.6 6.9 55.2 56.5 51.9)
19~ 63.1 48.3 43.1 123.5 134.5 195 90 101.2 75.1 77.5 78.8 106.8 90.2 174 63.9 111.4 103 110.2 65 71.4 27.4 9.7 10.6 9
20~ 120.8 237.2 163.8 86 79.5 241 264 377 165.6 146.4 141.8 147.7 148 200.4 172.8 336.2 120.4 156.6 142.6 154.6 85 92.7 47

23~ 1.25 0.43 0.43 0.43 0.6 0.69 0,86 0.86 0.86 0.9 0.9 0.9 0.87 0.48 0.48 0.48 0.16 0.16 0.16 0.5 0.5 0,15 0.15 0.15 0|

26= 75 0.8101 0.8762 0.815 0.6994 0.3784 zeros(1,36)]';
27— 11) 0.2891 0.2878 0.2843 0.2674 zeros(l,5)]'s

25

30
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So, there are 54 such values right. So, it indicates what is the product which is produced by
that particular process right. So, this is at the first location. So, this indicates about process 1.
So, process 1 produces product 1, process 2 produce product 1, process 3 also produces
product 1 right; process 4, this is process 4 because this is the fourth value in this vector right.
First value, second value, third value and the fourth value so, the fourth and fifth value are 2.
So, that means, the fourth process and the fifth process produce product 2 right; this is 6 7
right.

So, the process 6 and process 7 produce product 3. This is 8 right. So, process 8 produces
product 4, process 9 produces product 5 right. So, this is 10, 10, 11, 12, 13, 14 and 15. So, till
15th process products 6 is produced that is why we have repeated product 6 6 times right. So,
similarly this would be the 16th value and this would be the 17th value right. So, the 16th and




17th value are 7. So, that is why. So, process 16 and process 17 produce product 7. So, that is

why 7 is written. So, similarly we have coded for all the processes right.

(Refer Slide Time: 10:44)
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12~ 1 63.4 66.5 51.4 46.9 82.4 72 125.6 116.4 133.2 210.9 243.5 87 15.3 17.9 224.6 228.5 199.1 116.9 115.6 125.2 125.2 26
13- 133.6 §4.5 84.5 96.2 83 66 116.6 117.7 195.9 168.2 196.3 278.2 322.4 119.5 20.2 26.2 365.5 384.6 371.5 150 191.8 192.7
14~ 397.5 181.3 131.5 136.9 147.7 144.5 98.6 175.6 199.7 259.6 213.5 248.9 356 412.6 196.7 32.7 44.9 682.1 727.6 702.9 265

18~ i 44.6 55.7 48.3 92 34.9 63.2 60.3 64.7 48.3 52.8 19.4 6.6 6.9 55.2 56.5 51.9 105.8 108 105.6 106.7 9.4 9 36.8 81.4
19~ ! 75.1 77.5 78.8 106.8 90.2 174 63.9 111.4 103 110.2 €5 71.4 27.4 9.7 10.6 96.3 100.5 98 204.8 209.7 202.5 206.1 16
20~ 5.6 146.4 141.8 147.7 148 208.4 172.8 336.2 120.4 156.6 142.6 154.6 85 92.7 47.3 17.7 19.4 184.3 194.3 187.6 306 313.

23~ .86 0.9 0.9 0.9 0.87 0.48 0.48 0.48 0.16 0.16 0.16 0.5 0.5 0.15 0.15 0.15 0.76 0.76 0.76 0.76 0.7 0.7 0.735 0.68 0.

26~ '84 zeros(l,36)]';
27 1s(1,5)])"7
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So, we have product 24 which is being produced by process 54 and 53. So, now, that we have
this information, we will be passing all this information whenever this function is called right.

So, if we call this production planning data, we can get this as output right.

So, product will tell us which process is producing which product | m h are the production
capacities, at which the investment cost and the production cost are known; il im ih are the
investment cost at | m and h; ¢ 1, ¢ m, ¢ h are the production cost at I m and h selling price is

the sales price by selling the product from a particular process.




Since we have 54 processes, this we have 54 values; rm 1, rm 2, rm 3 will indicate the raw|
material 1, 2 and 3 respectively required for each process right. So, this completes the data
definition. So, whatever data we have for this problem, we have taken it over here right. So,
what we will do is we will not write any piece of code over here. We will just restrict it to the

data right. What we will do is we will write another file right which will access this file write

and given a x, it will give us fitness function value right.

(Refer Slide Time: 12:02)

B = 1 e " & o
deiaau i i LS

e
7

R —

| _ o s - -
G2 9% (5130 B8 G U VSR ¢ Dt ¢ NGOKSAVUARI 230 i ¥ k3 PrsuciePisany .
B L Chr i s s e = R
Prdrsmbemegian 95 bricrPemn <+ >

1- cle a

2- clear

3

4 Reference: https://link.springer.com/chapter/10.1007/978-3-030-26458-1 13

5

7

8 (1) = 23; x(35) = 90;

9

10-  [product,l,m,h,il,im,ih,cl,cm,ch,SalePrice, rml, m2, m3) = ProductionPlanningData; % Accessing the data from the funct

12- nProcess = length(l);

14-  Budget = 1000;
15- AvailRawl = 500;
16~ AvailRaw2 = 5007

18- PBC = zeros(nProcess,1);
19= IC = zeros(nProcess,l);

20~ RlReqd = zeros(nProcess,l);

21- R2Reqd = zeros (nProcess,1);

22~ Revenue = zeros(nProcess,1);

23- penalty domain = zeros(nProcess,l);

e
nPhpememmn 0 -~ o = [ ]

So, here initially we are developing a script file. So, remember that first we need to develop
the fitness function file right only after we have developed the fitness function file can we

solve the optimization problem right. So, we are independently developing the fitness function

file without worrying about the optimization. So, clc clear you know right.




So, as we discussed previously, the algorithm will tell us how much quantity of product has to
be produced from each process and there are 54 process. When we execute this problem right
the algorithm is supposed to give us the decision variables right. So, right now we are not

clubbing it into an with an optimization algorithm. So, we will define the x ourselves right.

So, initially we define it as Os of 1 comma 54; 1 rows and 54 column. So, whatever the
decision variables we are going to get from the algorithm is going to be in this form. It will

have 1 row and 54 columns right.
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So, then what we are doing is we are accessing that function which we have written previously,
right; so, production planning data. So, this we are accessing over here right. So, we will get
all necessary information over here and we do not need to copy paste this data over here right.

So, we can just access this file. So, that way we can keep the calculation part separate from




the data part right. So, once we have this, what we will first do is calculate the number of
processes involved right. So, that can be determined from the length of any of this vectors

right.

So, all these are vectors which will have uniform number of rows at least in this case where in
we know the data for 54 processes right. So, we can measure the length of any of this variable
and determine the number of process right. So, let us assume that the amount of budget that is
available to us is 1000, the amount of raw material 1 which is available to us as 500 and the

amount of raw material 2 that is available to us is 500.

So, whatever production plan we come up with right it should not exceed these values right.
For any production plan if the investment cost is going to be greater than 1000, then it is not
going to be a feasible plan right. So, we will incur penalty. Similarly for raw material 1 and

raw material 2, it has to be less than 500 right.

So, here line 18 to 2, 3 we are defining 6 variables right; 6 variables. This variable PC will
contain the production cost for each process. Remember this PC is different from this cl, cl
also contains production cost, but this is the production cost of the production indicated by 1
right. But when we are solving an optimization problem, it is not necessary that we will be

either producing I m or h right.

So, we maybe even be producing between | and m or between m and h or we may even choose
not to produce it right. So, for whatever amount we are deciding to produce we need to
calculate the production cost. So, that is why we are defining this variable pc right. So, for
each process, we will have a production cost. Initially we are defining it with Os; Os of number|

of rowses n process which is 54 in this case and 1 column right.

So, similarly for each process, we are finding out what would be the investment cost. So, il,
im, ih indicates the investment cost at 1, m and h right, but we might have a production which

is not necessarily Imh it may be 0 or between 1 and h right. So, for that we need to calculate




the investment cost accordingly. So, that will be the investment cost over here; raw material 1

required and raw material 2 required.

So, these two variables will store the amount of raw material one that is required for each
process, amount of raw material 2 that is required for each process. So, we will be using this
variable revenue to store the amount of revenue, we get from each process right and then will
sum it up to find out the total revenue, but what is the revenue obtained from each process will

be calculated and stored in this vector revenue right. So, again it has 54 values for this data.

So, then if you remember, we also have a domain whole constraint right. So, any value has to
be greater than or equal to 1 or it has to be less than or equal to h or it can be 0 right. So, if it
is greater than 0, but less than | right then we will have to assign a penalty. So, as discussed

earlier what we will be doing is if something is greater than 0, but less than I; we will assign a

penalty of 10 power 5 right.

So, but we are not going to assign it for every variable we are only going to assign it for
variable which violates. So, what we are doing is, we are defining a variable penalty
underscore domain right. Initially it is having a values of 0. So, whichever variable is going to
violate that constraint the domain whole constraint, we will be assigning a value of 10 power 5
for that particular process. So, these are just initializations; this fixed variables are just

initializations right.

So, now that we have defined the necessary variables. We can calculate the required values
right. So, what we are doing is we are running this loop right for j is equal to 1 to n process

because this vector x is going to contain 54 values right.

So, for each of the value, we need to see whether it is within the permissible domain or not if
it is not within the permissible domain, we are going to assign a penalty. If it is going to be in
the permissible domain, we are going to calculate the cost accordingly. This for loop ensures

that we calculate everything for each of the process.
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So, this equations we have derived previously right. So, this is nothing, but if the production
cost is between lower and medium level medium level, we will have to use this equation. If the
production cost between medium and high level, we need to use this equation. If the
investment cost is between lower and medium level, we need to use this equation right. This is

for investment cost these two equations are for investment cost.

This is valid between low and medium level, this is valid between medium and high level.
Similarly production cost is this is valid between lower medium level and this one is valid
between medium and high level right. This is for one right. So, this is for one particular
process. So, for the jth process right, it will be the same thing instead of this cl we are going to
have ¢ 1j. So, for every process this values are different cl cm ch values are going to be

different; 1 m h are going to be different for each process right.




So, need to quote these four equations for as we have discussed the production cost between |
and m is given by this expression right. So, how to get this expression that we have seen a
little while earlier right. This is the investment cost for a process which produces between |
and m right greater than or equal to 1 and less than or equal to m. This 2 lines will help us to
calculate the production and investment cost right that is because the production and
investment cost in this region right varies linearly. So, that is why we are using these two

equations right.

So, the raw material 1 that is required is the amount that is produced right multiplied by the
amount that is required to produce 1 unit right. So, this is given per unit right. So, if we
produce 1 unit of product 1, the amount that we require is 0.94 unit for process 1. If we
decide to produce 1 unit of product right, the amount that is required is 0.9432 if we decide to

produce.

Let us say 80 units over here for product 2, then the amount total amount of raw material 1
that is required 0.94 2 into 80 right. So, that is what we are doing over here. So, the amount

of production multiplied by how much of raw material 1 is required for producing 1 unit right.

So, similarly we calculate for rm 2 right. So, these two equations are similar except for here it
is rm 1, the amount of raw material 1 that is required and here the amount of raw material 2
that is required. So, if this value is 0 so, as may number for many processes raw material 2 is
not required. So, this value will be 0, this line 32 would give us 0 right. Similarly here we are
calculating the revenue. So, we know the sales price. So, for each product, we have been
given the selling price. What we are doing is the amount that is produced which is x j, we are

multiplying it with selling price for 1 unit.

So, this will give us the revenue for process j right. This equations are valid for production
greater than or equal to 1 and less than or equal to m right. If it is greater than m right and less
than equal to h, we will calculate accordingly right. So, these 3 equation are the same, it does

not matter what the range of x is as long as it is between | and h right.




So, these two equations change. Here we had the cm minus cl in the numerator. Here we have
ch minus cm in the denominator here we had m minus 1 here we have hj minus m and j. So,
again this is the same set of equation that we have derived previously. So, right now what we
have done is given any production which is greater than or equal to 1 and less than or equal to
h, we can calculate the production cost investment cost raw material 1, raw material 2 that is

required the revenue right.
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36
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38 - Ic(j) = ((hG) - im())/(h(3) - mEEN* (x(3) - m(3)) + im(i); 3

39~ RIRegd(j) = x(j)*rml(j); % Det t

40 - R2Reqd(j) = x(j)*rm2(]);

a1 - Revenue(j) = SalePrice(j)*x(j); fuc

42 penalty domain(j) = 0;

43

44 - elseif 0 < x(§) & x(j)< 1(3) if the production is greater than zero but le:
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And if the production falls between 1 and h, then the domain whole is violated right. So, since
this penalty domain is already 0, we are not writing here penalty domain of j equal to 0. If it is
in the range right between | and m or if it is in the range m and h the penalty is 0, but we do
not need to write this line because the penalty is anyway initially assigned as 0. So, only in

those cases were it is violating will we go and assign a penalty.
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So, the third condition is this one right. So, this is between 1 and m, this is between m and h
and this is x is greater than 0 right, but it is less than | right. So, in that what we need to do is
we cannot calculate the production cost. So, for example, consider this process 9. So, the
production cost from 40 to 80, we know how to calculate and if it is O right, then there is no
problem the production cost is 0, the investment cost is 0, the raw material 1 that is required is

0, raw material 2 that is required is 0.

IAnd no matter what the selling price, the revenue earned is 0 because the production itselfis 0
quantity right. But if the production is let us say, 10 as far as the algorithm concerned, the
lower bound is 0, the upper bound is 160. So, it can give any value between 0 and 160; let us

assume it gives a value 10.




So, if it gives a value of 10, it violates the domain whole constraints, it is greater than 0, but
less than 40 right. So, we cannot calculate the production cost investment cost, the revenue or
anything. Since this production cost and investment cost is anyway assigned as 0, we do not

do anything to the production cost and investment cost.

Similarly, we do not calculate raw material 1, raw material 2 because it is 0. So, similarly
revenue is also 0. If it falls in this range right so, what we will do is so, but in this case we
need to assign the penalty. What we are doing over here is the variable penalty domain, the
j’th value in that right. So, this is going to be a vector penalty underscore domain, it is going
to have 54 values for this example right so, the j’th process. So, whichever process is

violating, we are assigning a value of 10 power 5 to that right.

So, this section so, line 25 to 47 will help us to calculate the production cost, the investment
cost, the raw material 1, the raw material 2, the revenue and it also assigns penalty wherever|
the domain whole constraints is violated right. So, now, that we have calculated for all the 54
process, we need to check for the additional 3 constraints. Remember we had four types of
constraint; one is domain whole constraint which is taken care over here right. So, assign

penalty whenever it is violated, but there are 3 additional contains right.

So, we need to see whether those constraints are satisfied or not if they are satisfied, we do

not assign penalty. But if they are not satisfied, we will have to assign a penalty right.
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49~ ‘end

51~ TotalInvRed = sum(IC);

52= penalty IC = 0;

53- if TotalInvRed > Budget hecking for violation of the investment

54 - penalty IC = (TotallnvRed - Budget)*2; Determining the penalty due to viclation for in
55— end

57~ penalty Rl = 0;

58 = TotalRIReqd = sum(R1Reqd) ;

59~ if TotalRlReqd > AvailRawl

60 = penalty Rl = (TotalRlRegd - AvailRawl)"2;
61- end

63~ penalty R2 = 0;

64= TotalRZReqd = sum(R2Reqd) ;

65~ if TotalR?Reqd > AvailRaw?

66~ penalty R2 = (TotalR2Reqd - AvailRaw2)"2;
67~ end

69~ profit = sum(Revenue) - sum(PC); Determining the prof

71 - ‘x -profit + 10°15* (penalty IC + penalty Rl + penalty RZ + sum(penalty domain)); % Determining the fitne

sow ]
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H,ﬂ‘mmmmm o cm@aa ) @n - =

So, in line 51 what we are doing is we are calculating the total investment cost that is required.
So, this variable total invRed determines the total production cost. So, we know the
production cost of each process right that is in the vector IC. So, here what we are doing is
we are merely summing that vector so, that will tell us what is the total investment cost that is

required right.

In line 52, we are initializing the variable penalty underscore IC. So, this variable will contain
the penalty assigned for violation in the budget constraints right. So, initially we are assigning
a value of 0 to it right. So, then we are making a check over here. So, what is the total
investment that is required is given by this and what is the budget that is available is given over

here right. So, we have defined budget as 1000 in this case. So, if this condition is satisfied, we




are actually violating a constraints that the total investment which is required is greater than

budget right.

So, we are violating that constraints. So, if you are violating the constraints, we need to assign
penalty right. So, here we are calculating penalty underscore IC incurred because of the
violation in the budget constraint right. So, penalty underscore IC is whatever investment is

required minus the budget right. So, let us say the investment required is 1200 right.

So, this will be 1200 minus budget. So, budget in this case is 1000. So, it will be 1200 minus
1000 the whole square. So, that is the penalty which will be assigned for violating the
investment cost constraint. So, on the contrary if the value of total inverse Red is 800 let us
say and the budget is 1000 right. So, what we are saying is amount of budget that is available

is 1000 how much we are utilizing is only 800 right. So, it does not satisfy this condition.

So, if it does not satisfy this condition means the solution is not violating. If it is not violating,
then no penalty is to be assigned. In that case penalty underscore IC will remain as 0. Similarly
right in this section, we calculate the penalty which is incurred if the solution violates the
constraints related to raw material 1 right. So, the amount of raw material 1 which is available

is AvailRaw1 what is required is summation of the individual required.

So, remember we have calculated for each process over here for each of the j process as to
how much of raw material 1 is required right. So, if you sum all of those values that will tell us
how much of total raw material 1 is required and then we are checking for the constraint over|
here right. So, if it is less or equal, then we do not need to assign a penalty; if it is greater we
need to assign a penalty over here, this line 57 to 61 is for assigning the penalty for violating

the constraint of the raw material 1.

So, if this is similar to line 57 to 61. Here we are checking for the violation in raw material 2.
So, now, what we have done is we have calculated the production cost for each process, we
have calculated the revenue earned from each process and we have also checked for the 4

types of constraint right. So, the constraint on raw material 1, the constraint on raw material 2,




the constraint on investment cost as well as the domain whole constraint right. So, now, the

objective function was revenue minus production cost right.

So, revenue is a vector which contains the revenue earned from each of the process right. So,
if we sum this, it will tell us the total revenue which is earned right. So, PC contains the
production cost for each process. If we sum it up, it tells us the total production cost. So, this
is the total revenue which we earned minus the total production cost right. So, that is our
profit right. Since our problem is a maximization problem right and all the algorithms which
we wrote are minimization algorithm. So, what we are doing is we are converting our

maximization problem into minimization problem by writing minus profit over here right.

So, as we discussed earlier a maximization problem can be converted to minimization problem
by multiplying the objective function with the negative sign right. So, this minus profit is
because of that right and then we need to add the total penalty; penalty underscore IC is the
violation due to the investment cost, penalty underscore R 1 is the penalty incurred for
violating the raw material 1 constraints, penalty underscore R 2 is the amount of penalty
incurred for violating the constraint on raw material 2 right and penalty underscore domain is a
vector right. So, for all those processes where in we have violated, we need to sum the

penalty.

So, the total penalty is sum of penalty underscore domain. So, this will be a scalar right
penalty underscore R will be scalar, penalty underscore IC will be a scalar right where as this

penalty underscore domain is a vector right. So, that is why we are summing it up right.

So, this part right is the total penalty right and we are multiplying it by a very large value right
the penalty factor so, as to get the fitness function value right. So, this completes the
determination of fitness function right. So, if you are given a solution so, this file can help us

to find out the profit and the violation in all the constraint if any right.

So, if there are no violation; if a solution satisfies all the constraint all of this would be 0 right
and the fitness e function would be nothing, but the objective function right. But if some of the

variables violate the constraints right, then an appropriate penalty is calculated and added to




the objective function. Now that we have coded the objective function file or the fitness
function file in this case because we have constraints right. Let us actually run it in debug
mode right so that we can make sure that it is working fine before plugging it with any

optimization algorithm right.
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1 cm 5451
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13 ih 54x1
14-  Budget = 1000; i1 54x1
15-  AvailRawl = 500; im 54x1
16—  AvailBawZ = 500; 1 54x1
17 n 5481
18-  BC = zeros(nProcess,l); product 54x1
19- IC = zeros(nProcess,l); ml 54x1
20- RIReqd = zeros(nProcess,1); rm2 54x1
21-  R2Reqd = zeros(nProcess,1); m3 54x1
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So, let me put up breakpoint over here. Let me execute this all right. So, right now remember
we are not running the optimization problem, we are merely checking whether this file is
working fine or not. So, this x is supposed to come from the algorithm right, but since we are
not plugging it with any optimization algorithm as of now, we are initializing it with Os right.
So, for Os if you think about it, then all the decision variables are 0. So, what we are saying is

there is no production from any of the process. So, this solution will not violate the domain|

constraint right because is permissible.




Similarly the consumption of raw materials will be 0 for this solution. Similarly the investment
cost for the solution will also be 0 and the production cost will also be 0 and the revenue will
also turn out to be 0. So, basically what the fitness function what we are expecting is 0 right.
So, let us see if that is we are getting that properly or not; if you get that properly then at least
for that solution, we are not having problem, then we will check for couple of other x values

and then we will plug it with an optimization algorithm.

Here we are just calling this function production planning data. So, it will get us all the datas.
So, here if we see whos, there is just x right. So, now if we look at this whos, then we have

got all the data right.
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5 154.6000

6® x = zeros(l,54); % To be given from the optimization algorithm | 85.0000

7 : 92.7000

8 ¥ x(1) = 23; x(35) = 90; [ 47,3000

9 17.7000

10-  [product,l,mh,il,im, ih,cl,cm, ch,SalePrice, ml, mm2, rm3] = ProductionPlanningData; % Acce 19.4000

11 k 184.3000

12-% pProcess = length(l); % determing the number of processe: 1943000

13 187.6000

14-  Budget = 1000; t 306.0000

15-  AvailRawl = 500; 313.5000

16~  AvailRaw2 = 500; 302.6000

17 308.1000

18-  PC = zeros(nProcess,l); 28.4000

19-  IC = zeros(nProcess,l); 27.3000

20-  RlReqd = zeros(nProcess,1); 118.7000

21-  RIReqd = zeros(nProcess,1); 215.5000

22-  Revenue = zeros(nProcess,l); 271.0000

23~ penalty domain = zeros (nBrocess,1); I
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So, cl; so, this is cl, cm, ch right. So, if you want, we can just doc,cm,chImhrightil, im

1h.
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2 47.50 95.00 190.00 36.20 69.80 130.40 13.30 €6.80

10- 40.00 50.00 160.00 36.50 65.20 120.70 66.20 92.80

11 10.00 80.00 160.00 31.80 §1.10 105.50 10.00 61.40

o 15.00 90,00 160.00 37.80 57.70 94.90 106.60 151.70

5] 40.00 80.00 160.00 30.50 65.60 119.10 82.80 125.40

e 90.00 180.00 360.00 92.20 159.20 290.90 233.50 390.70

5= 90.00 180.00 360.00 86.70 154.10 27.70 185.80 304.50

16~ 90.00 180.00 360.00 95.60 175.00 330.90 119.00 179.40

o 90.00 180.00 360.00 87.50 157.20 294.90 212.30 362.70 I
& 90,00 180.00 360.00 10590 196.60 375.20 109.80 164.30

B %0.00 180.00 360.00 93.10 131,10 239.40 21.70 376.10

£ 50.00 100.00 200.00 .40 68.70 1720 115.50 180.40

2= 50.00 100.00 200.00 34.90 62.00 111.60 63.70 100.20

2= 60.00 120.00 240.00 36.60 62.10 120.80 23.10 1.2

23~ 100.00 200.00 400.00 67.60 125.20 237.20 117.60 186.00

L 50.00 100,00 300.00 33.00 63.10 163.80 62.50 114.00 !
[y ——

[ < [RTea——
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= ']
K>> format bank

- K> [Lmh cl e ch il in ih)
3
4 - ans =
5
:. = Columns 1 through 8
8 [ .bo 135.00 270.00 50.70 80.10 170.70 55.00 81.10
o 75.00 150.00 300.00 56.80 103.80 196.20 58.00 #5.10
0= 71.50 155.00 310.00 56.90 103.70 195.70 60.20 86.80
1L 70.00 145.00 290.00 5110 97.60 184.80 55.10 #3.10
12-% 47.50 95.00 190.00 38.20 69.80 130.40 43.30 6680
13 40.00 80.00 160.00 38.50 65.20 120.70 66,20 92.80
u- 40.00 80.00 160.00 31.80 51.10 105.50 40.00 €1.40
i 15.00 90.00 180.00 31.80 51.70 94.90 106.60 151.70
16~ 40.00 80.00 160.00 38.50 65.60 119.10 82.80 125.40
17 90.00 180.00 360.00 92.20 159.20 290.90 233.50 390.70 I
L 90.00 180.00 360.00 86.70 154.10 287.70 185,80 304.50
19 90.00 180.00 360.00 95.80 175.00 330.90 119.00 179.40
20 90.00 180.00 360.00 87.50 157.20 294.90 212.30 362.70
ZH 90.00 180.00 360.00 105.90 196.60 375.20 109.80 164.30
22~ 90.00 180.00 360.00 93.10 131.10 239.40 221.70 376.10
= 50.00 100.00 200.00 1140 68.70 17.20 115.50 180.40
14. > # 50.00 100.00 200.00 34.90 62.00 111,60 63,70 100.20 v
[ r—

P Type here tosearch

If you look at this data so, this is the table which we have been seeing right.
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_“n‘_m': 0.0750 0.1500 0.3000 0.0483 0.0%02 0.1728 0.0469 0.0660 0.0986 K
4 0.1225 0.2450  0,4900 0,0920 0.1740 0.3362 0.0824 0.1166  0.1756
2= 0.0500 0.1000  0.2000 0.0349 0.0639  0.1204 0.0720 0.1177  0.1997
E 0.1825 0.3650  0.5400 0.0632 0.1114 0.1566 0.1256 0.1959  0.2596
4 o 0.1825 0.3650 0.5400 0.0603 0.1030 0.1426 0.1164 0.1682 0.2135
2] 0.1800 0.3600 0.5500 0.0647 0.1102 0.1546 0.1332 0.1963 0.2489
0 - 0.3000 0.4300 0.5900 0.0483 0.0650 0.0850 0.2109 0.2782 0.3560
4 = 0.3000 0.4300  0,59%00 0,0528 0.0714 0.0927 0.2435 0.3224  0.4126
e [ 0.10‘0 0.1700  0.3400 0.01%4 0.0274 0.0473 0.0870 0.1195  0.1967
B 0.0150 0.0250  0.0500 0.0066 0.0097 0.0177 0.0153 0.0202  0.0327
10~ 0.0150 0.0250 0.0500 0.0069 0.0106 0.0194 0.0179 0.0262 0.0449
1 0.4150 0.8300 1.6600 0.0552 0.0963 0.1843 0.2246 0.3655 0.6821
2-® 0.4150 0.8300 1.6600 0.0565 0.1005 0.1943 0.2285 0.3846 0.7276
5 0.4150 0.8300  1.6600 0,0519 0.0980 0.1876 0.1991 0.3715  0,7028
14~ 0.2250 0.4500  0.€800 0.1058 0.2048 0.3060 0.1169 0.1500  0.2651
] 0.2250 0.4500  0.6800 0.1080 0.2097 0.3135 0.1156 0.1918  0.2668
16 0.2250 0.4500 0.6800 0.1056 0.2025 0.3026 0.1252 0.1927 0.2690
17 0.2250 0.4500 0.6800 0.1067 0.2061 0.3081 0.1252 0.2020 0.2855
18- 0.0125 0.0250 0.0500 0.00%4 0.0164 0.0284 0.0260 0.0408 0.0639
s 0.0125 0.0250  0,0500 0,00%0 0.0154 0.0273 0.0277 0.0396  0,0568
20- 0.0450 0.0900  0.1800 0.0368 0.0640  0.1187 0.1088 0.1572  0.2516
By 0.1250 0.2500  0.5000 0.0814 0.1458 0.2755 0.2081 0.3086  0.5155
227 0.1250 0.2500 0.5000 0.0784 0.1450 0.2770 0.1705 0.2673 0.4527 I
fi > forma| '

0 =]

So, let me just change the format right. So, this is the 1 values right for the 54 processes, this is

m value, h value, this is cl, cm, ch, cl, cm, ch right. This is il, im, and ih right.
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Pl 12.50 25.00 50.00 9.40 16.40 28.40 26.00 10.80
L 12,50 25.00 50.00 9,00 15.40 7.3 27.70 39.60
= 45.00 90.00 180.00 36.60 64.00 118.70 108.80 157.20
2 125.00 250.00 500.00 3140 145.80 275.50 208.10 308..60
Lo 125.00 250.00 500.00 8.40 145.00 277.00 170.50 261.30
5

@ | coums

7 g

B 131,60

3 Ix 132.40

10- 138.10

11 132.00

12-% 108.30

& 153,20

e 95.10

s = 231.50

16 207.00

] 698.70

18- 537.10

i 289,20

2] 657.70 ]
# 263.10

il 612.70

23 267.40

P | 156.30 )
[ e—ra—"

n.ﬂlmmwm mams

Similarly, you can look at the other values the raw material 1, raw material 2; it is number of

processes would be 54.
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22~  Revenue = zeros(nProcess,l); % Initialization of variable td store tinp| 452.70
23-  penalty domain = zeros(nProcess,l): nitialization variable t 1
24 14_Budget = 1000;
25- Flfor j = 1: nProcess K>> nProcess
26
n-e it R B
28
29- BC(j) = (lem(j) = el(i/mEi) = LGN*(x() = 1(j)) + cL(i); ¢ Determini Sy
30- c(§) = (m) - LGN/ @E) - VHN*EG) - 1)) + il ¢ ni
31- RIReqd(§) = x(§)*ml(3); % Determini ©> 1(1)
32— R2Reqd(§) = x(])*m2(j);
33— Revenue(j) = SalePrice(j)*x(j); ans =
34
35~ elseif x(j) > m(j) & x(j) <= h(j) f the production is in between m 70.00
3
37— FC(3) = ((ch() - em(I)/(h(3) - m(3)N*(x() - m{3)) + amii); K> mil
38~ IC(3) = ((hid) - im@N/hG) - i) (x0) - miGh) + img e
39- RIReqd(§) = x(j)*ml(j); % Determining the t
0= R2Reqd (j) = x(j)*mm2(j); Error: Invalid expression. When
41- Revenue(j) = SalePrice(j)*x(j); I rea calling a function or indexing a
42 variable, use parentheses. Otherwise,
43- elseif 0 < x(3) & x(3)< 1(3) § if the production is greater than check for mismatched delimiters.
44
52 penalty domain(i) = 10°5; § Assianing penslty for violating tir ﬁf»\ I
- Fuctnd b
nﬁmr«mm mnam (] ']

So, in this case number of processes is 54 right. The value of budget that we are taking is
1000. So, the production plan that we design should have an investment cost which is either
thousand or less than 1000. It should not be greater than 1000. Similarly the raw material
quantity which is available is 500, 500 right. So, this is just assignment. Similarly from line 18

to line 23, we are just assigning variables right.

So, PC would be used to store the production cost, IC would be used to store the investment
cost of each process, R 1 required will be used to store the raw material 1 required, R 2
required is for storing the amount of raw material 2 which is required for each process.
Revenue is used to store the revenue earned by selling the products from each of the process
and this penalty domain will be assigned the value of 10 power 5 for those process which

violet the domain constraint right.
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32 - R2Reqd (§) = x(j)*m2(j): 70.00
33- Revenue(j) = SalePrice(j)*x{j); j the
i 2 ¥ 3 X s K> mi(l
35- elseif x(j) > m(j) & x(j) <= h(j) il
36 "
3 BC() = ((ehlj) - mI/MG) - mEIIH ) - mG)) ¢ calih; 8 Determinia ([ g hen
ER 1e(j) = (Gih) - iGN/ M) - aE)IEE) - 06 + in); B A e
B ngd(?) - x(;:'rmli;); b variable, use parentheses. Otherwise,
5 R2pagd(j) = 203} rm?m;‘ . | check for mismatched delimiters.
41 - Revenue(j) = SalePrice(j)*x(j); sternining the
I K> m(l)
43 elseif 0 < x(j) & x(j)< 1(j)
44
B B ans =
45~ penalty domain(j) = 1075; Assigning pemalty for ating t
i 135.00
47 - end
48 K>> h(l)
49~ “end
50
ans =
51@% TotallnvRed = sum(IC);
52~ penalty IC = 0; 270.00
53-  if TotallnvRed > Budget % Checking f )
54 - penalty IC = (TotallnvRed - Budget)"2; ning Fio>
Ep—p—wr— o CENCR]
nﬁhpereclom mam 0 ]

Till line 23 we are just initializing the variables right. So, now, we are running this loop for
each value in x right. Since all the values are 0, it will not go into this loop right. So, 1of 1 is 1
of 11s 70; mof 1 is 135 and h of 1 is 270 right. So, what we currently have is 0. So, 0 will not
fall in this range it will not fall, it in this range and it will not even fall in this range right. So,
what we are doing is if it is 0, we are not calculating the production cost investment cost or
revenue or the raw materials. So, this is for the first process. So, for the second process again
it will not go in any of this condition right so, because it is 0. So, even for third process, it will

not go into any of this conditions right.

So, let me just put a breakpoint over here and continue. So, what it has done now it has
calculated the production cost, the investment cost, the raw materials required and the revenue

for all the 54 processes; let me just clear this right.
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49- end
50
51@  TotallnvRed = sum(IC);
52- penalty IC = 0; 0
53 = if TotallnvRed > Budget hecking for lati £ in
54- penalty IC = (TotalInvRed - Budget)"2; % Determining the penalty due to w. Lisg
55- end
56
57- penalty Rl = 0;
58-  TotalRlReqd = sum(R1Reqd);
59~  if TotalRIReqd > AvailRawl ecking f t
60~ penalty Rl = (TotalRlReqd - AvailRawl)*2; % Determini du
61- end
62
63-  penalty R2 = 0; I
64-  TotalR2Reqd = sum(R2Reqd);
65~  if TotalR2Reqd > AvailRaw2 vecking for violation of )
66— penalty R2 = (TotalR2Reqd - AvailRaw2)*2; % Determining the penalty due to v.
67— end
68
69=  profit = sum(Revenue) - sum(EC);
70
71- £ = -profit + 10°15* (penalty IC + penalty Rl + penalty R2 + sum(penalty domain));
e v
ﬂ Ol o cm@am. 0 : ]

So, now we are calculating the total investment that is required right. So, IC is currently it will
have a value of Os because we initialized with Os over here right and we did not assign any

value to it right. So, this is going to be 0 right. So, penalty we are initializing it to be 0.

So, there are budget which is available to assess 1000 and what we require is only 0. So, this
condition 0 is not greater than 1000. So, it will not go into this if condition right. Similarly
penalty underscore R 1, we are assigning it to be 0 initially right. The raw material that we
require is again O right and the available amount of raw material is 500. So, it again does not
go into this condition. So, penalty underscore R 2 is the same thing right since we have all the

variables is 0; it is not getting into this condition. So, profit would be again 0 right.

So, revenue is 0 for all the processes. So, some of that will be also 0. Similarly production cost

we did not calculate the production cost at anywhere right. We initialized it to 0, we did not



calculate because it did not fall in any of this ranges right. So, this profit will be 0 right and the
fitness function value would also be 0. So, fis 0 right. So, at least with heroes, it is working

fine right.
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1- clc

2= clear
ans =

4 % Reference: https://link.springer.con/chapter/ 59-1_13 R

6® x = zeros(l,54); % To be given from the optimization algorithm

K> 2(35)

8= x(1) = 23; x(35) = %0; o
ans =

10-  [product,,m,h, il, im, ih,cl, cm,ch,SalePrice, m1, m2, m3] = ProductionPlanningdata; & A

12-  nerlcess = length(l); % determing the number of processe: 6 1= (707577570 47.5 40 40 45 40 §

13
B>
14=% Budget = 1000; iqe i f

15-  AvailRawl = 500;
16~  AvailRaw? = 500;

18-  BC = zeros(nProcess,l);
19- IC = zeros(nProcess,l);
20- RIReqd = zeros(nProcess,l);
21~  R2Reqd = zeros(nProcess, 1);
22~ Revenue = zeros(nProcess,1);

23~ penalty domain = zeros (nProcess,1);

) ]

ansd o 3 gm
H B Type here tosearch ndm (] # [ ]

So, now what we will do it we will again do it right, but this time what we are doing is we are
not giving an vector which is full of 0s. We are giving x of 1 is equal to 23 and x of 34 is equal

to 90.

So, the first element is 23 and then 2 to 34, we have 0s; 35 we have 90 and then after 90, we
again have set of Os right. So, here in this case it will at least go into one of those if conditions.
Let us see what happens in this case right. So, initially x is Os right. Now we are over writing X
of 1 and x of 35 right. So, if we say x of 1 is 23 x of 34 is 90 right. So, now, we are calling the

data right. So, this we can just step out right.



So, all the data has been brought into the workspace right. So, the number of process is 54.

These 3 lines we discussed right and again this is just initialization right.
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2- R2Reqd (3) = x(j) *rm2(j); % Determining the raw material 2 re:

33- Revenue(j) = SalePrice(j)*x(j): % Determining the revenue genereatec ans =

3

35 = elseif x(j) > m(j) & x(j) <= h(j) % if the production is in between me 70.00

36

37- BC(j} = ((ch(j) - em(j))/(hij) - mi3)))*(x(§) - m(j)) + cm(j); & Determinii 20 if x(j) >= 1(j) & x(j) <= m(j)

33— IC(3) = ((ih3) - im()/(h{G) - m3)I* () - m(3)} + im(3); ¥ Determinis K> 2(1)

39— RlReqd () = x(j)*mml(3); aw material 1 r

q0- R2Reqd (§) = x(j)*m2(j); t W material 2 ans =

41- Revenue(j) = SalePrice(j)*x(j): % Determining the revenue genereatc

42 23.00

43-% elseif 0 < x(j) && x(j)< 1(j) % if the production is greater than I

a4 45 penalty domain(j) = 105;

45- penalty domain(j) = 10%5; % Assigning penalty for violating ti 4 end

46 49 end

47~ end 21 if x(3) >= 1(j) & x(j) <= m(j)

48 35 elseif &(j) > m(j) & x(3) <= h(]

49~ “end 43 elseif 0 < x(j) & x(j)< 1(j)

50 49 end

51®  TotallnvRed = sum(IC); 2 if x(3) >= 1) & x(J) <= m(j)

52-  penalty IC = 0; 35 elseif x(j) > m(j) & x(3) <= h(]

53- if TotallnvRed > Budget % Checking for violation of the in 43 elseif 0 < x(j) & =x(j)< L(3)

54- penalty IC = (TotalInvRed - Budget)"2; % Deternining the penalty due to v. | | K> ‘

o . i | I s

7 brandn et

Hmpemmm mam (] [ ]

So, before going to this loop just let us look at what is 1 of 1. So, 1 of 1 is 70 right and what
we have is 23 right. So, if you think about it x of 1 is not O right. So, it is supposed to be
greater than 70, but it is not greater than 70 right.
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e Ty
R2Reqd = z Process, 1);

22-  Revenue = zeros(nProcess,l);

23— penalty_domain = zeros (nProcess,l);

24

25= Cifor j = 1: nProcess

26 >= 1(3) & x(j) < m(j) % if

27 - if x(j) >= 1(j) & I(j: <= m(j) % if the production is in between lg | &

28

29 - EC(j) = ((em(i) - el(I)/(m@) - L(N*(x(A) - 1)) + cl(d);

30 - IC(j) = (m(d) - 11GN/mEG) - L3 *x() (1) + il

31 = RIReqd(j) = x(j)*mml(j): % Determinin @ I3

32~ R2Reqd(§) = x(§)*rm2(j);

33~ Revenue(j) = SalePrice(j)*x(j);

34

35 - elseif x(j) > m(j) & x(j) <= h(j) % if the production is in between me

36

37 = PC(j} = ((ch(j) - em(3))/(h{F) - m(3)))*(x(§) - m(j)} + cm(j); % Determini

38 = (i) = ((ih(j) - imGV /G - m()N*(x() - m(§)) + im(3); & Determinii

35 - RlReqd(j) = x(j)*ml(j); L i material 1

40 - R2Reqd () = x(j)*m2(3); mat 2

41 - Revenue(j) = SalePrice(j)*x(j);

42

43 - elseif 0 < x(j) & x(j)< 1(3)

Bir—ciry = TS

ﬂnmmwm o "m@am- 0@ / ]

So, this condition is not satisfied right. So, 1 of j the first value is 70. So, x of 1 is not greater
than 70. So, it will not get into this part right again, it will not get into this part. So, we get
into this right x of 1 is violating the domain constraint right. So, that is why it goes into this.
So, this condition will be satisfied. So, we are supposed to assign a penalty for this variable
right that is what we are doing over here. So, penalty domain of the first variable is 10 power

5.

So, similarly we need to calculate for all the variables right. So, for 2 again it will not go into

any of these conditions right, for 3 it will not go into any of this condition right.
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[
= K> 2(35)
34
35— elseif x(1) > m(j) & x(j) <= n(j) % if the production is in between m ang =
36
37~ EC(j) = ((eh(j) - em(3))/(hd) - mi3)))*(x(§) - m(§)) + em(3); & Determinii 90.00
38 - IC(3) = ((Eh() = im(3)/(h(G) = mG)))*(x(G) = m(3)) + im(3); # Determini
39~ RiRegd(j) = x(j)*rml(j); % Determining the raw material 1 r ©> 1(35)
40 - R2Reqd (1) = x(j)*m2(}); % Determining the raw material 2
41 - Revenue(j) = SalePrice(i)*x(j); % Determining the revenue genereat: ans =
42
43~ elseif 0 < x(j) & x(j)< 1(3) % if the production is greater than 182.50
44
45 - penalty domain(j) = 10°5; % Assigning penalty for violating t feios
46
47 - end
48
49- “end
50
519% TotalInvRed = sum(IC);
52-  penalty IC = 0;
53~  if TotalInwRed > Budget % Checking for violation of the im
54 - penalty IC = (TotalInvRed - Budget)"2; % Determining the penalty due to v.
55-  end
56
|ﬁ“ )V

o N

—
0 -]

So, let say x of 35 is 90, let us see what is 1 of 35. So, that is 182.5 right. So, here also it
incurs a domain constraint penalty right. So, what we will do is right we will just continue this

right. So, we will say continue right.



(Refer Slide Time: 37:57)

L Tkt ¥ - K>> penalty domain(l)
20~  Revenue = zeros(nProcess,1): al of variable to store ti* =

23=  penalty domain = zeros(nProcess,l); % Initialization of variable to store t ans =
100000.00

K>> penalty domain(35)

ans =

100000.00

i35

So, now let us see is what is the penalty underscore domain of the first variable that is 10
power 5 and the 35th variable that is also 10 power 5 right. So, it violated 2 domain

constraints.

So, 2 of the processes are active right, but both of them are violating the domain constraint
right. So, we need to assign penalty for that; that is what this piece of code has helped us to do
right. So, we did not calculate production cost, investment cost, revenue raw material 1, raw
material 2 because the solution itself is an infeasible solution right. We cannot produce 23

from process 1 and we cannot produce 90 from process 35.
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18 : =8 K> penalty domain(35)
49~ nd
50 ans =
51@  TotallnvRed = sum(IC);
52-  penalty IC = 0; 100000.00
53 = if TotallnwRed > Budget »
54~ penalty IC = (TotalInvRed - Budget)"2; g I ¥ v 53 if TotallnvRed > Budget
55-  end 51_penalty Rl = 0;
56 58 TotalRIReqd = sum(R1Reqd);
57- penalty Rl = 0; 59 if TotalRlReqd > AvailRawl
58-  TotalRlReqd = sum(R1Reqd); 63 _penalty R2 = 0;
59~  if TotalRIReqd > AvailRawl % Checking for violation of t B> f
60 - penalty Rl = (TotalRlReqd - AvailRawl)*2; & Determining the pe due
61- end f=
62
63-  penalty R2 = 0; 200000000000000000000.00
64=  TotalR2Reqd = sum(R2Reqd);
65~  if TotalRZReqd > AvailRaw? hecking on of the ra K>> sum(penalty domain)
66~ penalty R2 = (TotalR2Reqd - AvailRaw2)"2; g E ¥
€1- end ans =
68
€9-  profit = sum(Revenue) - sum(EC); Determining the profit (objectiv Z-
70
-, f = -profit + 10°15* (penalty IC + penalty RI + penalty R + NIDCGIEYIGORANN) ; . |fx©>> |
I‘.».‘....a.w ) :
n P o Cm@am- 0@ / ]

So, all of that would be 0 right. So, if you remember the discussion which we previously had
investment cost is not calculated, production cost is not calculated, raw materials are not
calculated, revenue is not calculated and profit from those processes would be 0 and since
both the variables are violating in this case, the total profit is 0 right. So, that is what we are
expecting. So, it did not go into this because total investment required is 0 raw material
required is also 0 raw material 2 required will also be 0, the profit will also be 0 right because

the variable themselves are not in the domain right.

So, there is no point of calculating profits which does not satisfy the domain constraint right.
So, fitness here if we see, this profit part would be 0 other penalties are 0 right; penalty

underscore IC underscore R 1 underscore R 2. These are O right. So, this is 10 power 5 2



times. So, when we sum it up, it will be 2 into 10 power 4 multiply that with 10 power 15. So,

that would be the fitness

So, here if we see the fitness so, this is the fitness value right. This fitness value came because
we have this sum underscore penalty is right. So, here we have 2 into 10 power 5 right
multiply that with 10 power 15 right. So, this is the fitness function of this solution right

wherein the production from all the processes is 0 except for process 1 and process 35 right.
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30- (3} = ((An) - 1160/ mi) - () - 1(31) + i1(9); ¥ Deterninil® B5pp

31- RiReqd(j) = x(j)*ml1(}); ermining the raw rial 1 re

32 = R2Reqd (j) = x(j)*m2(j); -

13- Revenue(j) = SalePrice(j)*x(j); s

34

35 = elseif x(j) > m(j) & x(j) <= h(j) § if the production is in between m ZS'GE
3 q
Bis BC(3) = ((ch(j) = em(3))/(hiG) = m()))*(x(3) = m(j)) + cm{j); % Determini ol
38 - IC(3) = ((ih(3) - im(3)/(h(3) - mG)*xG) - m(3)) + im(j); % Determinis ”
39- RlRegd(j) = x(j)*m1(j); material 1 o h
0= R2Reqd(j) = 2(})*rm2(j); naterial 2 -
41- Revenue(j) = SalePrice(j)*x(j): 0
12

13- elseif 0 < x(j) & x(j)< 1(3) oduction is greater than .
44 g
45— penalty domain(j) = 105; % Assigning penalty for violating ti z
46

a7 = end E
48

49- ‘“end Y
50 g
519  TotallnvRed = sum(IC); E
52-  penalty IC = 0; n
53- if TotallnvRed > Budget % Checking for violation of the Ln;‘.. 5 i

I
- haand s
H P Type heretosearch 0 mam (] [ ]
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IC(H) = ((m(3) - 11D/ () - 1N *(x(3) - 1(3)) + 11(j); ¥ Determinil¥ 7
31- RIReqd(j) = x(j)*mml(j); % Determining the raw material 1 rec i
32- R2Beqd(j) = x(j)*m2(j); % Deternining the raw material 2 res k
33~ Revenue(j) = SalePrice(j)*x(j): % Determining the revenue genereatec M
34
35 elseif x(§) » m(j) & x(j) <= h(j) % if the production is in between m 3
36
3- EC(j) = ((ch(j) - em(3))/(h() - m(3)})*(x(3) - m(3)) + em(i); % Determinis i
38- Ic(j} = ((h(j) - im(G))/(hiG) - m(3)I*xG) - m(3)) + im(3); % Determinis 0
39~ RlRegd(j) = x(3)*ml{j): % Determining the raw material 1 rc 7
0= R2Reqd(§) = x(§)*rm2(j); % Determining the raw material 2 r b
an- Revenue(j) = SalePrice(j)*x(j); % Deternining the revenue genereat: D
42
13- elseif 0 < x(j) & x(j)< 1(]) % if the production is greater than g
44
P 1 i 0
45- penalty domain(j) = 10%5; % Assigning penalty for violating ti 0
46 0
- end
; L
49- “end 0
50 0
51® TotalInvRed = sum(IC); 0
S2= penalty IC = 0; 0
53- if TotallnvRed > Budget % Checking for violation of the iny ﬁ 0
i 9
[L——

[« P

But the production which we have taken here as 23 and 90 right is infeasible.
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49— “end 1

51@  TotallnvRed = sum(IC);

52~ penalty IC = 0;

53 = if TotallnvRed > Budget

54 - penalty IC = (TotalInvRed - Budget)"2;
55—  end

57~  penalty Rl = 0;

58 =  TotalRlReqd = sum(R1Reqd);

59~ if TotalRIReqd > AvailRawl

60 - penalty Rl = (TotalRlReqd - AvailRawl)"2;
61- end

63~  penalty R2 = 0;

64=  TotalR2Reqd = sum(R2Reqd);

65~  if TotalR2Reqd > AvailRaw2

66 - penalty R2 = (TotalR2Reqd - AvailRaw2)"2;
67— end

69~  profit = sum(Revenue) - sum(EC); etermining the profit (objectiv( _
70

71-, £ = -profit + 10%15* (penalty IC + penalty Rl + penalty R2 + sum(penalty domain)); B

e = MLECT
| < R o cmam® 4 b

Since the solution is infeasible, we get a very high value of fitness function right. When we say
a very high value of fitness function, it is a poor solution because we are talking from the

perspective of minimization right; we want this f to be as low as possible.

So, when we started with we work with the vector full of Os right, the first case when x was
completely Os that was at least a feasible solution which says we are not producing anything
right. So, the fitness function for that turned out to be 0 whereas, for this solution which is an
infeasible solution, the fitness function turns out to be very high value as you can see it turns

out to be a very high value right.

So, let us complete this right. Previously we saw trivial solution which is full of Os, then we

looked at an infeasible solution right.
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s e > (product 1 m h]

2- lear

& ans =

q i Reference: https://link.springer.c

3 1.00 70.00 135.00 270.00
6@ = zeros(l,54); % To be given from 1.00 75.00 150,00 300.00
E 1.00 77,50 155,00 310,00
8 b x(1) = 23; x(35) = 90; 2.00 70.0} .00 290,00
4 2.00 41.50 95.00 190.00
10= (1) =75 x(2) = 170; 3(3) = 310; x 3.00 40.00 80.00 160.00
11 1 3.00 40.00 80.00 160.00
o .00 15.00 90.00 180.00
= 5.00 10,00 80,00 160,00
14~ product,l,m,h,il,im, ih,cl,cm,ch, Sal £.00 90.00 180.00 260.00
k= 6.00 90.00 180.00 360.00
16- Process = length(l); 6.00 90.00 180.00 360.00
17 6.00 90.00 180.00 360.00
16 - lud?et = 1000; 6.00 90.00 180.00 360.00
o kRl 6.00 90,00 180,00 360,00
20=  wailRaw2 = 500: 7.00 50.00 100.00 200,00
& 7.00 50.00 100.00 200.00
22~ C = zeros(nProcess,1); 8.00 60.00 120.00 240.00
23- € = zeros(nProcess,1); 9.00 100.00 200.00 400.00
E.*!- iRead = zeros(nProcess,l); s L5 9.00 50.00 100.00 300.00 "

Jow ENCEY

O OO -l

So, now let us see for a feasible solution, how does it calculate. So, to give a feasible solution
right let us have a look at the 1 m h values right. So, what we shall do is we will take process

1, 2, 3 and 4 to be active right.
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E % = 75.00 150.00 300.00 i
1= clc 2 122,50 245,00 490,00
2= clear 50.00 100.00 200.00
3 i 182.50 365.00 540.00
4 rence: https://link ‘ 182.50 365.00 540.00
s 180.00 360.00 550.00
6@ x = zeros(l,54); % To be given from 300.00 430.00 590.00
7 30000 430,00 590,00
8- x(1) = 23; x(35) = 9%0; 105.00 170.00 340.00
9 15.00 25.00 50.00
10~  [product,l,m,h, il, im, ih,cl,cm,ch,Sa 15.00 25.00 50.00
1 415.00 830.00 1660.00
12- nProcess = length(l); 415.00 830.00 1660.00 1
13 415.00 830,00 1660.00
4= Budget = 1000; 225.00 450.00 680.00
15-  AvailRawl = 500; 225.00 450.00 680.00
16=  AvailRaw2 = 500; 225.00 450.00 680.00
17 225.00 450.00 680.00
18- BC = zeros(nProcess,l); 12.50 25.00 50.00
19-  IC = zeros(nProcess,l); 12,50 25.00 50,00
20- RIReqd = zeros(nProcess,1); 45.00 90.00 180,00
21-  RZReqd = zeros(nProcess,1); 125.00 250.00 500.00
22~ Revenue = zeros(nProcess,1); 125.00 250.00 500.00
23-  penalty domain = zeros (nProcess,1);
Iz(‘ .7 [&>> [product 1 m h]
[ < R o cm@m@ 2 o

So, if you remember the product vector right; so, this product vector will tell us what is the
product that is being produce. So, the first 3 processes are producing product 1 and the next 2
processes are producing product 2. Let us give a feasible solution which captures all the
dynamics. So, x of 1 let us say it is 75 right because it will fall in the range | m right. Let us say
x of 2 is in between m and h right. So, for process 2 the m value is 150 and the h value is 300.

Let us take it as 170 right. So, x of 3 let it be in this range between 150 to 310.

So, let us say it is 310 right and let us also look into one more product right. So, let us also
give some value for x of 4. So, let us say x of 4 is in this range 70 to 145; 70 to 145, let us say

it is 100.
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1- cle #| > Iproduct 1 mn)
2- clear
3 ans =
4 % Reference: https://link.springer.com/chapter/10.100 030-26458-1_13
E 100 70.00
6@ x = zeros(1,54); % To be given from the optimization algorithm 1.00 75.00
T 1.00 77.50
8 Vx() =23 309 = 90 2.00 700l
9 2.00 41.50
10— x(1) = 75 x(2) = 170; x(3) = 310; x(4) = 100; 3.00 40.00
11 3.00 40.00
12- ||p:oduct,1.m,h,il,im, ih,cl,cm, ch, SalePrice, rml, rm2, rm3] = ProductionPlanningData; % Accessin 4.00 45.00
13 5.00 40,00
14= nProcess = length(l); ¥ determing the number of processes 6.00 90.00
15 6.00 90.00
16—  Budget = 1000; 6.00 90.00
17-  AvailRawl = 500; 6.00 90.00
18-  AvailRaw2 = 500; 6.00 90.00
19 6,00 90,00
20=  BC = zeros(nProcess,l); 7.00 50.00
21=  IC = zeros(nProcess,1); 7.00 50.00
22~ RlReqd = zeros(nProcess, 1); 8.00 60.00
23~ R2Reqd = zeros(nProcess, 1); 9.00 100.00
24— Revenue = zeros(nfrocess ) ; mon 4
ot bE i
| < R o cm@m- @ =

So, you need to remember that we are not still solving the optimization problem, we are just
making sure that this function which we are going to club with an meta heuristic optimization
algorithm is actually calculating the values appropriately right. Once we club with meta

heuristic optimization technique, we will be relying on the solution whatever we get right.

So, we are just making sure that whatever function we have written is actually calculating the
values properly because the optimization algorithm is going to rely on these values. Let us

execute this now right.
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1= cle H

2= clear 0 0

3

4 % Reference: https://link.springer.com/chapter/10.1007/978-3-030-26458-1_13 Do x!

5

6® x = zeros(l,54); % To be given from the optimization algorithm 9o

7

8 ¥ x(1) = 23; x(35) = 90;

Y .00 1

10-  x(1) = 75 x(2) = 170; x(3) = 310; x(4) = 100; 310.00

= 100.00

12-% [product,l,m,h,il,im, ih,c1,cm,ch, SalePrice, mml, m2, mm3] = ProductionPlanningbata; ¥ Accessin 0

13 0

14- nProcess = length(l); % determing the number of processes 0

15 0

16~  Budget = 1000; % Budget available o

17-  AvailRawl = 500; % Amount of raw material 1 available 0

18- AvailRaw2 = 500; % Amount of raw material 2 available 0

19 0

20- PC = zeros(nProcess,l); % Initialization of variable to store the produc: 0

21- IC = zeros(nProcess,l); % Initialization of variable to store the invest: 0

22-  RlReqd = zeros(nProcess,1); % Initialization of variable to| store the raw ma 0

23-  R2Reqd = zeros(nProcess,1); % Initialization of variable to| store the raw ma M
iUl el 1725101 15 2018 1 sy [ . .

So, 0s; so, x vector is defined x transpose. So, the first 4 values are defined as we wanted

right, here we are just calling the data right. So, I can just step out right.
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8 ¥ x(1) = 23; x(35) = 90; 0
5 ]
10~ x(1) = 75; x(2) = 170; x(3) = 310; x(4) = 100; &
11 u
12—~ [product,l,m,h, il,im, ih,cl,cm,ch, SalePrice, rml, rm2, rm3] = ProductionPlanningData; % Accessin | 0
13 0
14-  nProcess = length(l); % determing the number of processes 0
15 0
16~  Budget = 1000; 1 % Budget available b
17 - _Avaimavl = 500; % Amount of raw material 1 available 0
16-% AvailRaw? = 500; % Amount of raw material 2 available o
19 0
20-  PC = zeros(nProcess,l); % Initialization of variable to store the produc: 0
21- IC = zeros(nProcess,l); % Initialization of variable to store the invest: 0
22-  RiReqd = zeros(nProcess,1); % Initialization of variable to| store the raw ma b
23-  R2Reqd = zeros(nProcess, 1); % Initialization of variable to| store the raw ma i
24~  Revenue = zeros(nProcess,l); % Initialization of variable to store the revenu 0
25~  penalty domain = zeros (nProcess,l); % Initialization of variable to store the penalt 0
26 B
27~ [Clfor j = 1: nProcess L 0
28 0
29 - if x(3) >= 1)) & () < m(j) % if the production is in between low and me
'3._0— o> ,

[n W a1

This is number of processes we are defining, we are seeing how much budget how much raw

material 1, how much raw material 2 is required. This we are initializing
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10-  x(1) = 75; x(2) = 170; %(3) = 310; x(4) ! 75.00 150.00
1 -y _ : ) . .50 155.00
12-  [product,l,m,h,il,im,ih,cl,cm,ch, SalePrice, ml, m2, rmd] = ProductionPlanningData; % Accessin 10.00 145.00
Ij- nProcess = length(1); % determing the number of processes i 2

40.00 80.00
15 : 40.00 80.00
16~  Budget = 1000; % Budget available 15.00 90,00
27~ Ava?llawl = 500; % Amount of raw mater%al 1 ava‘llable 10.00 80.00
18-  AvailRaw2 = 500; % Amount of raw material 2 available 90.00 180.00
19 - . " 90.00 180.00
20~  PC = zeros(nProcess,l); % Initialization of variable to store the produc 9000 180.00
21-  IC = zeros(nProcess,l); % Initialization of variable to store the invest: 90.00 180.00
22-  RlReqd = zeros(nProcess, 1); % Initialization of variable to store the raw ma 90.00 180,00
23-  RIReqd = zeros(nProcess,l); % Initialization of variable to store the raw ma 90.00 180.00
24-  Revenue = zex.ms(nl’:ocas:,l): L] m%t%al?zat:mn of variabia to store the revenu 50.00 100,00
25-  penalty domain = zeros(nProcess,1); % Initialization of variable to store the penalt 50.00 100.00
26 y o 60.00 120.00
27~ [for j = 1: nProcess 100.00 200.00
28 . . A . : 50.00 100.00
29-% i )ll]) >= 1)) & x(j) <= m(j) % if the production is in between low and me 25.00 50.00
307 x: 1x54 double = I . . o 25.00 50.00
31 )= ll?J)) (xq) = l(]‘l) + ‘flll‘)v ¥ Dternining the Lo 125.00 250.00
2- Colums 1 through 2 ) =AM = Bl = 208 L e D 125.00 250.00

& Determining the raw material 1 reauired f?v 250,00 500,00 o
75.00 170..00|
¥ Y1)

So, let us say what is I m h. So, x of 1 is 75. So, that is between | and m right. So, we expect it

to go into this section.
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i 200.00

B 540.00

26 _ 540..00

27~ Clfor j = 1: nProcess 550.00

& i i ) ’ X 590.00

26 - if x(j) >= 1(3) & x(J) <= m(j) % if the production is in between low and me 590.00

oF ; ; ; ) : : : : 340.00

31 - BC(j} = ((em(j) - cl(3D)/(m(3) - 1()*(x(3) - 1(3)} + c1(j); @ Determining the pr 50.00

32 - IC(3) = (Emg) - 115N/ W) - LGI*KEG) - 1G)) + ilig); rmining the in 50.00

33 = Rmeqd(?) = xl]:ﬂ'mllj:ﬁ).‘ % Determining the r i 1660.00

34~ Rareqd() = x(j)rm2(i); § e g the r 1660.00

35~ Revenue(j) = saldprice(§)*x(j); g the S

B - ; . ) _ 680.00

£l elseif x(1) > m(j) & x(3) <= h(j) % if the production is in bet €80.00

e £80..00

39 BC(i) = ((chti) - am()/h() - m3)))* &) - m(3)) + m(i); ¢ Determining the pr e

40 - 1c(3) :lttih:j)‘ - imi]:nf(htjl - in 50.00

41 - RIReqd(j) = x(j)*ml(j); 50.00

42 - Rzaeqd(j)_ = x(ji'r?(}‘){ . 180.00

43 - REVEJ’\UE(]) B SAlePIlCE(]]'X““ 500.00

44 500..00

45 - elseif 0 < x(j) & x(j)< 1(3)

i o (i) = ((em(j) - ¢
47 - penalty demain(j) = 10°5; % Assigning penalty for vislating the

e = R
anmrmwm o LR ] d 1

As expected it goes into this section because x of 1 is 75 and 1 of 1 is 70 right. So, it calculates
the production cost 53.73 is the production cost. This is the equation which we had shown
you previously right. So, it calculates the production cost according to this, it calculates the

investment cost 57.01, the raw material 1 that is required is 71.10 right.

So, rm 1 is 0.95 and x of 1 is 75. So, 75 into 0.95, it gives us 71.1. Similarly we are
calculating what is the amount of raw material 2 that is required right. So, the raw material 2
that is required for this production is 0 because rm2 of 1 is 0. So, the revenue is 73.3 right. So,
the sale price of 1 is 0.97 and we are producing 75. So, 75 into 0.97 gives us 73.13 right. So,

that is for process one right.
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L ““_"‘"“ - ‘ i i e ) =g 200,00
31 - EC(j) = ((em(j) - c1()/(mi3) - 1(1))*(x(3) - 1(3)) + cl(j); & Determining the pr 540.00
32 - IC(j) = ((im{j) - il()/ W) - 1G* kG - 13} + il(3); ¢ Determining the in 540.00
33— RIReqd(§) = x(j)*mml(§); LIZE S T ; 550..00
34- RZReqd(j! = x(j:'rm?ij)i . $ 0 ing the r 590.00
35— Revenue(j) = SalePrice(j)*x(j); Determining the revenue 3EH 590.00
36 - : . s 7 ) 340.00
37 - elseif x(j) > m(j) & x(j) <= h(j) % if the production is in between medium and 50.00
38 50.00
39- BC(§) = ((eh(d) - em(iP/(hed) - mEHN*xE) - miF) + em(); &L 1660.00
40 - 1c(j) :lujh:j)‘ - imu:nfmej: - m(3)))*(x () (G} + im(3); 1660.00
41 - Rizsqd(j) = 2id 2l (]) & Deternining tI 1660.00
42 - Ra8ad (§) = x (0] mma (31700 680.00
43 - Revenue(j) = salePrice(j)*x(j); 680.00
14 : ; ) . . 680.00
45~ elseif 0 < x(3) & x(j)< 1(j) ¥ if the production is greater than zero but 660.00
46 - 50.00
47 - penalty demain(j) = 10%5; Assigning penalty for violating the domain .
48 180.00
:;— end 500.00
. 500.00
52 3] EC(i) = ((em(j) - o
?3‘. TnLa.l.Invlf?d :_sumEICH v R
oty o G
H.Dlme?eelomh 0 mam)0 s N

So, process 2 if you remember, we had taken a value such that it goes into this section right.
So, here again we are calculating the production cost right 116.1 2 investment cost is 91.41.
So, raw material 1 that is required is 160.34, raw material 2 required is 0 the revenue earned
from selling the products which come out of process 2 is 164.74 right and this we can
continue for the other processes right. So, for x 3 also it goes between m and h right. So, for x
4, it was 100 right. So, it goes into this range right 1 of 4 is 70 right and m of 4 is 145. So, 100

1s in between that.

So, production cost is 70.06, investment cost is 66.3. Similarly we calculate raw material 1
that is required. So, raw material 2 required is 0 right and the revenue from the process 4 is

97.5 right. So, since we had only 4 active processes right for the rest of the processes, it is 0.



So, it will not go into any of this conditions right. So, the production cost and the investment

cost will be 0 for rest of the processes. Let us continue right.
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50 o 200.00

51- ‘“end 540.00

52 540.00

53@  TotallnvRed = sum(IC); 550.00

54-  penalty IC = 0; 590.00

55- if TotalInvRed > Budget C 1 | 590.00

56~ penalty IC = (TotalInvRed - Budget)"2; T Y 340.00

57- end 50.00

58 50.00

59~  penalty Rl = 0; 1660.00

60~  TotalRlReqd = sum(RIReqd); i 1660.00

61-  if TotalRlReqd > AvailRawl Ch 1 n b 1660.00

62~ penalty Rl = (TotalRIReqd - AvailRawl)"2; & Det alty du 680.00

63- end 680.00

64 680.00

65~  penalty R2 = 0; 680.00

66-  TotalR2Reqd = sum(R2Reqd); 50.00

67~  if TotalR2Reqd > AvailRaw2 C he raw materia 50.00

68~ penalty R2 = (TotalR2Reqd - AvailRaw2)"2; g to violation 180.00

€9- end 500.00

70 500.00

71-  profit = sum(Revenue) - sum(BC); etermining the profit (objective

72 - C(j) = (fem(j) - ¢

73-% f = -profit + 1015* (penalty IC + penalty Rl + penalty R2 + sum(penalty domain)); ¢ Determ, i 1> PCM:E‘

) - e ¥ et

H P Tipe heretosearch 0 mam (] [ ]

So, now we have calculated. So, now we have calculated for all the processes. So, the total
investment cost is 348 right which is nothing, but the summation of these 4 values. So, penalty
we are initializing as 0 right. So, budget what we had was 1000 right. So, what we require is
348.81 right. So, 348.81 is not greater than thousand so, no penalty right. So, that is why I did
not go into this line. Similarly raw material 1 that is required is 621.09 and what we have is

500 right.

So, this production right which does not violate any of the domain constraint actually violates
the raw material constraint 1 right. So, raw material 1 that is required 621 and what we have is

only 400 right. So, the penalty we calculate by 621.09 minus 500 the whole square. So, that is



the penalty with respect to raw material 1 right. So, raw material 2, there will not be any
penalty for this production plan because none of the 4 processes use raw material 2 right. So,

the profit for this is the sum of revenue minus the sum of production cost right.
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50 o 180.00

51- “-end 500.00

52 500.00

53@  TotallnvRed = sum(IC);

54~  penalty IC = 0; 31 EC(i) = ((em(y) - ¢

55- if TotalInvRed > Budget C he inw K> PC(1:4)

56— penalty IC = (TotalInvRed - Budget)"2; k¢

§7- end ans =

58

§9-  penalty Rl = 0; 53.713

60- TotalRlReqd = sum(RIReqd); 116.12

61-  if TotalRlReqd > AvailRawl C 195.70

62— penalty Rl = (TotalRIReqd - AvailRawl)"2; 70.06

63- end

64 K>> Revenue (1:4)

65- penalty R2 = 0;

66~ TotalR2Reqd = sum(R2Reqd); ans =

671-  if TotalR2Reqd > AvailRaw2 C

66— penalty R2 = (TotalR2Reqd - AvailRaw2)"2; 1F b ]

69- end 165.75

70 302.25

71=  profit = sum(Revenue) - sum(PC); etermining the profit (objective 97.50

72

73-% f = -profit + 10*15* (penalty IC + penalty Rl + penalty R2 + _.],' % Detern. |f&K>> Jum(penalty domain)

I it

H P Type here tosearch mam (] & ]

So, production cost for the first 4 processes are this one and the revenue earned from these 4
processes is this one right. So, the difference between them is the profit right. So, we get a
profit of 203.01 right. Though this production plan has a profit associated with it right, but we
cannot implement it because it violates the raw material constraint right. So, let us see what
will be the value of fitness. So, this will be 203.01, this is penalty underscore IC is 0, penalty
underscore R 2 is 0 and the sum of penalty domain will also be 0 because all the 4 active

processes do not violate the domain constraint right.
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51- ~end
52 K>> Revenue(1:4)
53@  TotallnvRed = sum(IC);
S4=  penalty IC = 0; ans =
s5- if TotalInwRed > Budget vecking for violation of the investment
56 - penalty IC = (TotalInvRed - Budget)"2; % Determining the penalty due to violation 73.13
57— end 165.75
58 302.25
59~  penalty Rl = 0; 97.50
60=  TotalRlReqd = sum(R1Reqd);
61~  if TotalRlReqd > AvailRawl i K>> sum(penalty domain)
62 - penalty Rl = (TotalRlReqd - AvailRawl)*2; % Determining E y due to vi
63— end ans =
64
65~  penalty R2 = 0; 0
66~  TotalR2Reqd = sum(R2Reqd);
67-  if TotalR2Reqd > AvailRaw2 hecking for violation of the raw materia > f
68 ~ penalty R2 = (TotalR2Reqd - AvailRaw2)*2; % Determining the penalty due to violation
69— end f=
70
71-  profit = sum(Revenue) - sum(EC); etermining the profit (objective _
72
13-, = -profit + 10°15* (penalty 1c + [EENNURN + penalty R2 + sum(penalty domain)); & Detern, | fRK>>
rrre— ot T
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So, this is also 0 right; only penalty we have is the penalty with respect to the raw material 1.
So, that we are multiplying by a very high factor 10 power 15 and we are calculating the
fitness for it right. So, fis this high value right. So, it is a high value because it is a infeasible
solution. The infeasibility is due to the violation of the constraint related to raw material. So,
that is how this fitness function file is going to work right, given a solution it is now helping us
to calculate the fitness of that solution. If you carefully analyze, you will be able to understand;

if it 1s a feasible solution, then the penalty value is going to be 0 right.

So, 10 power 15 into 0 is going to be 0 and profit would be a positive value right, but fitness
is equal to minus of profit. If the fitness value which is f in this case if f is negative, we can be
confident that it is a feasible solution because that will happen only when the penalty is 0 and
the penalty will be 0 for a feasible solution and whatever the value of fitness function is comes

from only the profit. So, for this case profit is a positive quantity and we are taking negative of



that right. So, for this case study at least right so, whenever we get a negative value we can be

confident that it is a feasible solution right.

So, now that we have looked into this, now let us plug it with an optimization algorithm. To
plug it with an optimization algorithm we need to convert into a function file because
remember that we will be calling this function multiple times. So, if you are executing let say
teaching learning based optimization, we will be calling it in during the initialization on of
population, will be calling it multiple times in teacher face, we will be calling it in learner face

right. So, this file which is a script file as of now needs to become a function file.
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1 function £ = SKS_ProductionPlanning(x) I 70.06
2
3- | [product,1,m,h,il,im, ih,cl,cm, ch,SalePrice, ml, rm2, mm3] = ProductionPlanningData; % Accessin K>> Revenue(1:4)
4
5-  nProcess = length(l); I % determing the number ans =
(3
7-  Budget = 1000; Budget availabl 73.13
8- | AvailRawl = 500; Amount of I 165.75
9= AvailRaw2 = 500; Anount of raw material 2 available 302.25
10 97.50
11- | BC = zeros(nProcess,1);
12- | IC = zeros(nProcess,l); K>> sum(penalty domain)

13-  RlReqd = zeros(nProcess,1);

14- | R2Reqd = zeros(nProcess,1); ans =

15- | Revenue = zeros(nProcess,l);

16~  penalty domain = zeros (nProcess, 1); 0

17

18- [lfor j = 1: nProcess K> £

19

20 = if x(j) >= 1(j) & x(3) <= m(j) f the production is in between low and me f=

21

22 - FC(j) = ((em(i) - cl(3))/(m{F) - LNN*x(E) - 1)) + clii)i the pr 14663756636000012288.00

23 - IC(3) = ((m(d) - iGN/ mG) - LEN* G - L) + i13);

2(1* RiRead (1) = x{i)*rml({): Determining the raw R
X 55ty i G

E [l = o m@am-) @ / ]

So, here we have that function file right. So, what we have done is we have removed that x
values right because the x values are now going to come from an algorithm and this function is

merely going to return the fitness function value f right. So, what we will now do is we will



plug it with teaching learning based optimization right. So, this is the teaching learning based

optimization algorithm which we had developed right. So, we are not going to modify

anything in this algorithm.
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function [bestsol,|

3 %% Starting of TLEO
4- | f = Nal(Np,1);
5-  BestFitIter = NaN(T+1,1);

7= D= length(lb);

11~ Cfor p = 1:Mp

12- f(p) = prob(P(p,:));
13~ Fend

15- | BestFitIter(l) = min(f);
17 4% Iteration loop

18- Hfor t=1: T

19

20 = for i = l:Np

21 #% Teacher Phase
22~ ¥mean = mean (P);
23

I [~,ind] = min(f);

PR i
61 = [7075 77.5 70 47.5 40 40 45 4

. BestFitlter,P,f] = TLBO(prob,lb,ub,Np,T)

9- P = repmat(lb,Np,1) + repmat((ub-1lb),Np,1).*rand(Np,D);

% Vector to store the fitness function value of thi

% Vector to store the best fitness function value
% Determining the number of decision variables in

% Generation of the initial

% Evaluating the fitness function of the initial p

% Determining mean of the population

% Deteminina the location of the teacher

e 3wy ol Desteoes bt
D Type here tosearch

So, we will now solve it with teaching learning based optimization right. So, this is the code

a

=@

that we had developed previously for TLBO right.

E>> whos
Nare

SP

ch

cl

=

h

ih

il

im

1

m
nProcess
product
ml

m2

m3

fo>

Size

54x1
S54x1
54x1
54x1
54x1
54x1
54x1
54x1
54x1
54x1

1x1
54x1
54x1
S4x1
54x1

)

Bytes

432
432
43z
432
132
132
432
432
432
432

8
132
432
432
432
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i x K>> whos
®lo Name Size Bytes
3= close all
4 sp 54x1 432
5 % Problem settings & s4x1 13
6@  [product,l,m,bh,il,im, ih,cl,cm, ch, SP, mml, rm2, rm3, nProcess] = ProductionPlanningData; Gl sax1 12
7- = o
i . a 5451 132
! [ 1 h 54x1 432
. . ih 54x1 432
10-  prob = 65KS_ProductionPlanning; % Fitness function i Six1 3
& in 54z1 432
12 8% Algorithm parameters | 1 sax1 132
13-% Hp = 100; % Population Size - Sax1 2
M= 1= 100 Bl B e nProcess 1xl 8
=) , : . : product 54x1 132
16-  rng(l, 'twister') % Controlling the random number generator used by rand iy Six1 132
H ' ) 1 m 54zl 32
18-  [bestsol,bestfitness,BestFitIter, P, £] = TLBO(prob, lb,ub,Np,T); m Sax1 122
19
20-  plot(0:T,BestFitIter, "*') fo>
21~ xlabel('Iteration') )
22-  ylabel ('Best fitness function value'}
23
4 g
7 2umat Y'tomd ot o G
H £ pemeiosern 0 mEm)0 "

So, what we will do now is we will a develop a script file right. So, we have this script file
right. So, for this function right, we need to provide the lower bound upper bound; we need to
tell the name of the file where the fitness function is calculated. We need to give the
population size N p and we need to give the number of iterations that is to be performed right.
So, that is why we are defining over here. So, the upper bound is the h value right. So, instead

of directly giving the h value we are calling it from the file production planning data right.
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e . Nane Size Bytes Class At
3= close all
i = sp 54x1 432 double
- ch 54x1 132 double
¢®  [product,l,m,h,il,im,ih,cl,cm,ch, SP, rml, rm2, rn3, nProcess) = Pro{*}ctionl’l al Sixl 132 double
7-% b = zeros(l,nProcess);
e - ) LI s4xl 432 double
M 4 h 54x1 432 double
. . in 54x1 132 double
10-  prob = 85KS_ProductionPlanning; % Fitness function i S4xl 132 double
= im 54x1 432 double
i e I, 2 cowle
13-  Np = 100; % Population Si
i e n 5451 432 double
e B S nProcess 1xl 8 double
= e - product 5x1 432 double
- ng(l, 'twister ontrolling the random number generato
ml 54x1 432 double
i . . m2 S4xl 432 double
18-  [bestsol,bestfitness,BestFitIter, P, £) = TLBO(prob, 1b,ub,Np,T}; m3 s4x1 132 double
19
20=  plot(0:T,BestFitIter, "*") feros
21~ xlabel('Iteratio g
22~  ylabel('Best fitness function value')
23
24
rre— o i e
H o mam 0 [

What this line 6 will do is it will help us fetch all the data right ah. So, let me just step out of
this function right. So, now, all the data which we want is over here right. So, for example,
selling price production cost of low level, medium level, high level right; the investment cost
related to the 3 levels | values, m values and rest of all the values are available in this script file
because this was your function file. Remember this function file only contains the data right.
So, we did not supply any input to this function file, we merely called this function file and it

helped us with all the details related to the problem right.

So, lower bound as we discussed it is not 1, but it is Os; Os of 1 comma n process upper bound
is the h value right. So, since we needed the h value over here that is why in line 6 we had to

call this function file right. So, this upper bound is available now right.
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£ R @ A X . Name. Size Bytes
3- | [product,l,m,h,il,im, ih,cl,cm,ch,SalePrice, rml, rm2, zm3] = ProductionPlanningData; & Ac
i S 54x1 432
5-  nProcess = length(l); % determing the number of processes @ Szl 132
6 cl 54x1 432
7- | Budget = 1000; cn 54x1 43z
8- | AvailRawl = 500; h 54x1 432
9- | AvailRaw2 = 500; ih 54x1 132
10 il 541 432
11~ | BC = zeros(nProcess,1); in 54x1 432
12- | IC = zeros(nProcess,l); % 1 54x1 432
13- | RIReqd = zeros(nProcess,l); 1 m 54x1 432
14- | R2Reqd = zeros(nProcess,1); nProcess 1x1 8
15- | Revenue = zeros(nProcess,l); product 54x1 432
16-  penalty domain = zeros (nProcess,l); i Stz 132
o " m2 S4x1 432
18- for j = 1: nProcess m3 54x1 432
19
20 - if x(3) >= 1(3) & x(3) <= mij) £ the production is in between low fio>
21 I
22 - BC(3) = ((emtf) - cl@/mG) - 1E)*(x(E) - LG + clii); § Det
23- IC(j) = (Hm(d) - LGN/ i) - L&) - LG + ild)s ¢
el RlRead (1) = x(i)*ml(i); § Determining the raw material 1 reauiv
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So, the problem is in this file right. So, SKS underscore ProductionPlanning that is what we
have given over here. So, the lower bound is given, the upper bound is given, the file to
determine the fitness function value is also given right. So, with respect to problem, we will
required 3 things which have been defined right this N p is the population size, T is the number

of iterations right.

So, this rng we have discussed previously, it helps to control the random numbers right. So,
that if required we can regenerate the results right. We are fixing the algorithm to be twister
algorithm and we are fixing the seed to be 1. So, now, what we are doing is we are providing
all the required details to the TLB algorithm; only now that we are solving it as an
optimization problem right. So, what we expect from the TLBO algorithm is the best solution

right, the solution as in like what are the decision variables.



So, from which process how much is to be produced that is what will get in best sol and for
that solution what is the fitness function value that is what we will get with this variable best
fitness. The variable best fit iter will tell us the best function value right in every iteration, P is
the population that we have in the last iteration and f is the corresponding fitness function

value.
So, now, it executed right. So, we did not execute line by line because by now you would
know what this algorithm is doing right. So, we did not execute it line by line, it has completed

everything right.
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2- clear

3= close all ans =

. I

5 4% Problem settings

68 ([product,l,m,h,il,im, ih,cl,cn,ch,SP, ml, rn2, rm3, nProcess] = ProducticnPlanningData;
7- 1b = zeros(l,nProcess);

8- ub=h';

10-  prob = @5KS_ProductionPlanning; Fitness function

12 %% Algorithm parameters

13- Fp = 100;

14- T =100;

15

16= rng(l, 'twister') % Controlling the random number generator used by rand
17

18-  [bestsol,bestfitness,BestFitIter,, £] = il (prob, 1b,ub,Np,T);

19

20-% plot(0:T,BestFitlter, '*')
21-  xlabel ('Iteration')
22-  ylabel('Best fitness function value')
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So, now if you look at this best sol bestsol; so, this is the solution it has right.
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2-  clear )
j- close all 0
5 4 Problem settings S‘D'Dg
68 [product,l,m,h,il,im, ih,cl,cn,ch,SP, ml, m2, m3, nProcess] = ProducticnPlanningData; .
7= 1b = zeros(l,nProcess);
8- ub=h'; g
2
10- prob = @5KS_ProductionPlanning: % Fitness function g
11
12 %% Algorithm parameters 72“'?
13- Np = 100;
4- T =100; ‘
15 1 2
i:- rng(l, 'twister') % Controlling the random erator used by rand £80.00
18-  [bestsol,bestFfitness,BestFitIter,?, f] = [l (prob, b, ub, Np, T); g
19 ’
20-% plot(0:T,BestFitIter,'*") 0
21-  xlabel('Iteration'} s
22-  ylabel('Best fitness function value'} 0
23
24 v
ke »" o> [11:59) 7 bestsol'
[
H B Type heretosearcn magm 4] L}

So, all this the production from all this process is 0, from this process it is 317.11 00 540 and

again Os, 724, 680 right. So, these are the decision variables right. If you want to know from

which process we are getting what is the value, what we can do is the way we have arranged

the decision variable is the first variable will indicate what is the production from process 1,

the second variable will indicate what is the production from process 2 right.



(Refer Slide Time: 53:16)

% G |0 G b U » G5 Onity » MOKEANIRRY S0 » e » MOCCSSHDED ) cotn O b .
o s s with — Ry e o]
I = B S 5] bt W ¥ g ¥ 0 B
1- «clc b g
2-  clear 0
3= close all 0
4

0
5 4% Problem settings 0

68 ([product,l,m,h,il,im, ih,cl,cn,ch,SP, ml, m2, m3, nProcess] = ProducticnPlanningData;
7= 1b = zeros(l,nProcess);
8- uwb=h';

K>> [(1:54) ' bestsol']

10-  prob = @5KS_ProductionPlanning: % Fitness function nals

1

12 % Algorithm parameters 5 s
13- Np = 100; % Population Size

4- T =100; % No. of iterations i d
: A
16- rng(l, 'twister') % Controlling the random number generator used by rand e:no s
17

18- [bestsol,bestFitness,BestFitIter, P, £] = [l (prob, b, ub,Np, T); ;'gg s
19

20-% plot(0:T,BestFitIter,'*") 1:22 g
21-  xlabel('Tteration') 11:00 0
zi- ylabel ("Best fitness function value') B0 0
2 13.00 0
I f 14.00 0
[

n P ypeberetosearch ma = (1] [}

So, here what we did was from 1 to 54 we generated a vector right, it will generate a row
vector and since we want the column vector we use this transpose symbol right. Similarly
bestsol what we got was a row vector. So, we are transposing it to get a column vector. Now
we have appended this column. So, that we know from which process how much is to be

produced right.
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| 0
18,00 0
1 e 00 ;
) 20.00 (1]
21.00 0
5 % Problem settings 22.00 0
6@  [product,l,m,h,il, im, ih,cl,cm,ch,SP, ml, rm2, m3, nProcess] = ProductionPlanningData; zznuu "
7= 1b = zeros(l,nProcess); 20.00 0
= = h'; i
8 ub = h'; 25,00 0
3 26.00 0
10-  prob = @SKS_ProductionPlanning: % Fitness function 27'% 0
11 :
12 %% Algorithm parameters ;:gg g
13- Np = 100; % Population Size 30.90 0
14- T =100; % No. of iterations 31.00 0
15 32‘00 0
16-  rng(l, "twister') % Controlling the random number generator used by rand| _[
n
18- [bestsol,bestEitness,BestFitTter,?,f] = JBY(prcb, 1b,ub,ip,T); ;:33 g
19 i
20-% plot (0:T, BestFitIter,'*"} ::.gg MU‘Og
21-  xlabel ('Tteration') 33‘00 0
22-  ylabel('Best fitness function value') 39.30 0
:_: 40.00 0
LUk 41.00 0 J

- Do b

nP Type e osearch

So, here if we see nothing is produced till process 32 right. So, process 33 we are supposed to

produce 317.11, process 36 we need to produce 540 units.
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8= 1e 11
: close a 35.00 0
36.00 540.00
5 8% Problem settings 37.00 0
6®  [product,l,mh,il,im,ih,cl,cm,ch,SP, ml, rm2, rm3, nProcess] = ProductionPlanningData; JB-UU 0
7= 1b = zeros(l,nProcess); 39.00 0
8- ub=h'; y
i 40.00 0
2 41.00 0
10- prob = @SKS_ProductionPlanning: % Fitness function ‘Z.DU 0
11 :
12 %% Algorithm parameters ::gg 124 03
13- Np = 100; % Population Size 45'00 : 0
14- T =100; % No. of iterations 46.00 0
15 47‘00 0
16=  rng(l, "twister') % Controlling the random number generator used by rand| “'un 680,00
17 49-00 : 0
18-  [bestsol,bestfitness,BestFitIter,P,f] = .Hprub.lh.ub.llp.’f); sn-uu 0
19 i
20-% plot(0:T,BestFitlter, 't} :;gg :
21-  xlabel ('Iteration') 53‘00 0
- ' 4 i
22 ylabel('Best fitness function value') 54.00 0
23
e 8 Lo
5" [ B> [prooduct(1:54) bestsol'] Y

-

0 -]

Process 44, we need to produce 724.01, process 48 we need to produce 680 right and that is
it. So, only 4 processes are active right. If you want to know what is the product als so, we

can have here product right.
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2- clear 0
3= close all 1.00 2.00 0
; c
1.00 3.00 0
5 4% Problem settings 2.00 .00 0
68 [product,l,mh,il,im, ih,cl,cm,ch, SP, rml, rm2, rm3, nPrd I z.un slna p
7=  Ib = zeros(l,nProcess); 3'“[. G ;
8- uwb=h';
N 3.00 7.00 0
N " ] 4.00 8.00 0
10-  prob = @5KS_ProductionPlanning: % Fitness funct] 5.00 9.00 0
1 ) :
5 6.00 10.00 0
12 #% Algorithm parameters ) g "
13- Np = 100; % Population S3 ) 12.00 5
4- T =100; & No. of iterat ) 13'00 5
15 ’
s 6.00 14.00 0
16=  rng(l, "twister') % Controlling the ri 00 i5.00 M
17 :
18- [bestsol,bestFitness,BestFitIter, P, £] = [l (prob, 1 : g: i:zg E
19 ’
20-% plot(0:T,BestFitIter,'*"} zg: ::23 E
21-  xlabel('Iteration'} 9.00 20'00 0
. ' ' d
223 ylabel("Best fitness function value') 10.00 21.00 0
e 10.00 22.00 0
I« = L] 11.00 23.00 0
[L——
HF Tipe hee toseach mam o L]

So, this product vector we had discussed that each value will tell what is the product that is
produced. So, for example, the first 3 values are 1 so; that means, process 1, process 2,

process 3 produce product 1 that is how we are assigned this variable product right.
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- - 2 15.00 33,00 31711
Bl se all 16.00 34.00 0
i = 17.00 35.00 0
17.00 36.00 540.00
5 8% Problem settings 17.00 37.00 B
68  [product,l,m,h,il, im, ih,cl, cn,ch, SP, ml, m2, rm3, nPrd m.un 38'0[' s
7- b = zeros(l,nProcess); i i
- 18,00 39,00 0
] ! 18.00 40.00 [}
‘ 3 19.00 41.00 0
10- prob = @5KS_ProductionPlanning: Fitness funct
Kl = 19.00 12.00 0
12 8% Algorithm parameters ) Ll :
B b = 100; 20.00 44,00 724.01
- 1n0-1 20,00 45,00 0
= : 21.00 46.00 0
: 21.00 47.00 0
16=  rng(l, 'twister') % Controlling the r
B 21.00 49.00 0
18- [bestsol,bestfit: BestFitIter,P,f] = b, 1t . :
o [bestsol, bestfitness, BestFitIter, P, £] = il (prob, s i "
.00 51,00 0
20-% plot (0:T,BestFitIter,'*") Z i
‘ 23.00 52.00 0
21-  xlabel('Iteration') e B s
zi- ylabel("Best fitness function value') 2400 54.00 0
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So, now we have product in the first column right. So, let us go to the non zero values. So,
this is to be interpreted as from process 33, we need to produce 317.10 and the product that is
produced by process 33 is product 15 right. Similarly this is product 17 is being produced
from process 36 and the production quantity is 540. Over here the product 20 is being

produced using process 44.

So, product 20, we can use 43, 44, 45, but the algorithm has chosen 44 for the optimal
solution. So, product 20 from process 44 the amount of production is 724.01. Similarly over
here product 21 is being produced from process 48 and the amount of production is 680. So,

that is how we analyze this bestsol right.
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“ 5] clear
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) i 19.00 41.00 0
19.00 42.00 0
5 4% Problem settings
P g e 20.00 43.00 0
68 [product,l,m,h,il,im, ih,cl,cn,ch,SP, ml, rm2, 3, nProcess] = ProductionPlannir
20.00 44.00 724.01
7= 1b = zeros(l,nProcess);
20,00 45,00 0
8- uw=h';
s 21.00 46.00 0
‘ . 21.00 47.00 0
10- prob = @5KS_ProductionPlanning; Fitness function
R = 21.00 48.00 680.00
21.00 49.00 0
12 %% Algorithm parameters
P 22.00 50.00 0
13- Np = 100; % Population Size
g 22,00 51,00 0
14- T =100; !
15 23.00 52.00 0
. 24.00 53.00 0
16=  rng(l, 'twister') ‘ontrolling the random number gener "
. 24.00 54.00 0
18- | bestfitness, BestFitIter, P, ] = TLBO (prob, 1b, ub,Np,T); "
19 E- et iy = ] e L K>> bestfitness
20-% plot (0:T,BestFitIter, '*") N
21-  xlabel ('Tteration') = SHIE
22-  ylabel('Best fitness function value')
7 3.9
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So, let us look at what is best fitness. Best fitness is the fitness function associated with this
solution right. So, it is negative we had discussed previously at least for this case study with
this data a negative value will indicate a feasible solution. So, this is a feasible solution what
we have is a feasible solution. So, if you go back and plug this solution into this file SKS
underscore ProductionPlanning, you can calculate what is the raw material that is required

what is the investment cost that is required.

So, all that post optimality analysis can be done right. So, for this solution the fitness value is
minus 413.80. For the current case this will happen only when the penalty is 0. So, the profit
that we have is 413.80. Remember what the algorithm has solved is a minimization problem

and what we had is a maximization problem right.



So, whatever value we get from the algorithm, we need to multiply it by a minus sign right.
So, the actual profit is 413.80. Though it shows minus 413, it shows it with respect to the
fitness, but the profit is 413.80 right. We will come to this BestFitlter a little bit later right, let

us look at what is the population what is P right. So, P is the population in the last iteration.
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So, since it is going to have 54 values, let us look it in the workspace later. So, the P is over
here. So, this we will have 100 rows right because each row indicates the population number

and each column indicates the variable. So, we will have 54 columns right.
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So, if we keep going we should have value till 54 right. So, each of th
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So, you can see that lot of these values have become 0. So, 0 means from that process, we are
not producing anything right. So, the fitness function corresponding to each of this solution.
So, these are the solution; not only the optimal solution the algorithm also gives us 99 other
solutions right. So, if you want to look at the fitness of this 100 solution, it will be in the

vector f. Let us look into the vector f over here right.
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20.00 44.00 5 e
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21.00 46.00 o bt
21.00 47.00 ., &
21.00 48.00 k. :?“'
21.00 49.00 s Hiaote
22.00 50.00 = -
22,00 51,00 > o
23.00 52.00 8 eiinse
24.00 53.00
24.00 54,00
K>> bestfitness
bestfitness =
-413.80 I
| B> .
(com— |

So, here if we see many of these solutions are still infeasible right. All of these are infeasible
only those which have a negative sign are feasible right. So, this is the fitness function

corresponding to each of the 100 solutions.
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ans =  Pr——
1= cle iy e
2-  clear 1—‘13.30 | et R
3= close all -374.47 ke e do |
4 -366.55 “H |
5 %% Problem settings 355,14 i |
6® [product,l,m,h,il,im,ih,cl,cm,ch,SP, rml, rm2, rm3, nProcess] = ProductionP! -275.90 L. Akt
7= 1b = zeros(l,nProcess); -261.43 b St st

e ieane
8- uw=h"; -196.00 i frire=
9 -175.55 e
10~ prob = 5K ProductionPlamning; ¢ Fitness function 116.3 B k]
B Bt propie

1 1193603437619421440, 00 [mt Sl dobe
12 4 Algorithn parameters 1937721024362550272.00 B s
13- Hp = 100; % Bopulation Size 3447654454810629632. 00 i e
- T=100; % No. of iterations 11236000000000000000. 00 = e
15 14419907495869976576.00

16~ ng(l, 'twister') % Controlling the random number generatd 16301752595999113216. 00

17 23947498664022233088, 00

18-  [bestsol,bestfitness,BestFitIter,P,f] = TLBO(prob,1b,ub,Np,T}; 24147295236000002048. 00 I

13 28652795057028493312. 00

20-% plot(0:T,BestFitIter,"*") 34616064064588333056. 00

21~ xlabel('Iteration') 39202456757672566784.00

22~ ylabel('Best fitness function value'} 42156435290896220160. 00

23 43980029875588882432, 00

2 . S (A414200999949a454020 00 il .

- Do b

0 O -]

As a small post optimality analysis what we can do is we can say sort of f right. So, this is f
that has been sorted right; so, out of 100 solutions 3 4 5 6 7 8 9. So, even after 100 iterations
right out of the 100 population number, we have only 9 feasible solution. So, the rest of the

solutions are infeasible solutions that is the meaning of this P and f right.
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1- cle i

2- clear BestFitIter =

3= close all

4 21

5 8% Problem settings

¢® [product,l,m,h,il,im,ih,cl,cm,ch,SP, mml, rm2, rm3, nProcess] = Productid

7= 1b = zeros(l,nProcess);

8= ub=h"

9

10~  prob = 85KS_ProductionPlanning; % Fitness function

11 = 100000000000000000000.00
12 % Algorithm parameters : ) 100000000000000000000. 00
13- Np = 100; Gt By 100000000000000000000. 00
M- =100 % No. of iterations 86171892121756448. 00

15 ‘ . 86171892121756448. 00
16~  tng(l, 'twister') % Controlling the random number gene 96171892121756448.00

1 B

86171892121756448.00

18- [bestsol,bestfitness, EENERUBINEN, 7, £) = TLBO(prob, 1b,ub, Np, T); 16171892121756448.00

19 | 86171892121756440.00
20-% plot(0:T, BestFitIter,"*") -270.29

21-  xlabel('Iteration') -320.96

22-  ylabel('Best fitness function value') 320,96

23 -320.96
ﬁ‘ o | 1B -320.96

[ ——
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So, now let us look at BestFitlter right. So, BestFitlter we can actually plot right because if
you remember the previous discussion that is the value for convergence curve right. So, what
we are you doing over here is we are plotting on the x axis 0 to T; 0 to T because BestFitlter
will have 101 values though our number of iterations are 100 because it will also store what is

the best value in the initial population right
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function axReturn = newplotwrapper (varargin)
% This undocumented helper function is for internal use.

% Copyright 2018 The MathWorks, Inc.

% This wrapper function is intended to open the Default Interactions
% InfoPanel once when the plot function is generating a new figure

§ If there is already a gcf there is no need to show the InfoPanel

10-9 ':u:mtﬁq‘ure = get(groot, 'CurrentFigure');

axReturn = newplot (varargin{:});

% Maybe open the Interaction Info Panel if newplot created a new figure
if isempty(currentFigure)

matlab. hics.internal.Interacti urn)

“end

e e od
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So, let us have a look at that figure right.
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So, this is the convergence curve. So, if you look at this convergence curve, it might seem like
nothing much is happening after let us say 11th or 12th iteration, but that is because this
magnitude is very high 10 power 22 right. So, if you look at this BestFitlter values right so,
initial population had a fitness of this one. The best member in the initial population had a

fitness of this value right and as iteration progressed the solution started to improve right.
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el
Bt 100000000000000000000, 00
2= clear 100000000000000000000. 00
3= close all 100000000000000000000. 00
4 . 100000000000000000000. 00
Bl %" Problem sctting 16171892121756448. 00
6@  [product,l,m h,il,im, ih,c1,cm, ch, SP, mml, rm2, rn3, nProcess) = Producti 86171892121756448.00
7= 1b = zeros(l,nProcess); 86171892121756448.00
&= w=h% 86171892121756448. 00
2 86171892121756448. 00
10~  prob = 85KS_ProductionPlanning; % Fitness function 86171892121756448. 00
11 -270.29
12 4% Algorithm parameters
13- Np = 100; % Population size
4- T=100; % No. of iterations
15
16-  1ng(l, "twister') % Controlling the random nunber gene
17 A
18- lhestsol,bestﬁtness,_,?,fl = TLBO (prob, 1b, ub, Np, T}
19 i
20-% plot(0:T,BestFitlter,'*')
21-  xlabel('Iteration')
22-  ylabel('Best fitness function value')
23
I L] 1 J

s
0 T

And even after getting this minus 270, it kept improving this minus 320 trade on for

considerable number of iteration and then minus 338.
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1- cle -367.24

2- clear -374.47

3= close all -374.47

4 -374.47

5 $% Problem settings -374.47

6®  [product,l,m,h, il, im, ih,cl,cm,ch,SP, ml, rm2, rm3, nProcess] = Producti -374.47

7= 1b = zeros(l,nProcess); -400.36

8= uwb=h" -413.80

9 -413.80

10~ prob = 85KS_ProductionPlanning; % Fitness function ~413.80

11 -413.80

12 4% Algorithm parameters -413.80

13- MHp = 100; % Population size -413.80

14- T = 100; % No. of iterations -413.80

15 -413.80

16-  tng(l, 'twister') % Controlling the random number gene _413.80

17 -413.80

16~ (bestsol, SEEERURENRE, BestritIter, ,£] = TLBO(prob, 1b, ub,Np, )i -413.80

19 -413.80

20-% plot(0:T,BestFitIter,"*") -413.80

21~ xlabel('Iteration') -413.80

22-  ylabel(*Best Fitness function value'} I

23

q o .
1 Brod i b == TR

0 R T

And minus 362 right, minus 367, minus 374, minus 400, then 413 right and so on. So, minus
413.8 is what it is the best value that we have. So, this should be minus 413.80 right.
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Let me just remove this breakpoint and let us see the figure directly right. So, this is the
convergence curve. As you might remember right so, the sarcastic techniques are to be run
multiple times right with multiple runs have to be done by changing the seed of the random

number generator right. So, that is what we will do now on this problem.
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10~ prob = @S!(g_l’mductinnvlanning; % Fitness function
11

12

13 %% Algorithm parameters

14-  ®p = 100; % Population Size
15- T = 100; % No. of iterations
16

17

18~  NRuns = 5;

19

20~  bestsol = Nal (NRuns, length(lb));
21~ bestfitness = NaN(NRuns, 1);
22~ BestFitIter = Nal(NRuns,T+1);

o LR

-
nﬂlmmwm nd = ] g

So, let us do that right. So, here what we have done is the major part of the code remains the
same right. So, this we have discussed right. So, this is these 3, these 4 lines help us to get the
problem details right.
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12 §% Algorithm parameters
13- Hp = 100;
14- T =100;

16~ Rruns = 5;

19~ bestsol = nan (G, length (b))
19-  bestfitness = NaW(NRuns, 1);
20~  BestFitIter = NaN(NRuns,T+l);

22~ [lfor i = 1:NRuns
23~ ng(i, 'twister') % Controlling the random number generator used by rand,

24 - [bestsol(i,:), bestfitness(i),BestFitIter(i,:),~,~] = TLBO (prob,lb,ub,Np,T);
25~ “end

26

27~ [Stat(1,1),ind) = min(bestfitness);

28~  stat(1,2) = max(bestfitness);
29~ Stat(1,3) = mean(bestfitness);
[30-  stat(l,4) = median(bestfitness);
31-  Stat(l,5) = std(bestfitness);

on

1 S gl e et ow R

This is the algorithm parameters and let us say now we choose to run 5 times. Just to
demonstrate it to you we are restricting our self with 5 runs. This best sol vector previously
when we had contains the decision variable right. So, and it is going to contain 54 decision
variables even for a single run right. So, what we are doing is here we are defining the matrix
bestsol. So, it will have 5 rows because the number of runs is 5 and the number of columns is

the length of Ib

So, the length of Ib is 54 for the current set of data right, but if we change this data this will
appropriately change with respect to the number of decision variables right. So, that is this

bestsol.
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K>> bestsol
Undefined function or variable 'bestsol’.

eros (1, nProcess) ;

8= uwb=h"

9= prob = @5KS_ProductionPlanning; % Fitness function fiio> hﬂt“u

Y

1

12 4% Algorithm parameters

13- Np = 100; % Population Size I

4= T=100; % No. of iterations

15 i

16~  NRuns = §;

17

18@% bestsol = MaN (NRuns, length(1b)); U

19-  bestfitness = NaN(NRuns,1); 1

20-  BestFitIter = NaN(NRuns,T+l);

21

|22- [lfor i = 1:NRuns

23- eng(i, 'twister') % Controlling the random number generator

24- [bestsol (i, :),bestfitness(i),BestFitIter(i,:},~,~) = TLBO(prob,lb,ub,Np,T

25= “end

26

127-  [stat(l1,1),ind] = min(bestfitness); % Determining the best fitness func

|28-  stat(l,2) = max(bestfitness); % Determining the worst fitness fun

[29-  stat(1,3) = mean (bestfitness); % Determining the mean fitness func
Stat(l.4) = median(bestfitness): 4 Deternining the median fitness fu-

So, bestsol if we look at it is the line has not been executed right.
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10 i

11 NaN Nal Nan
12 §% Algorithm parameters NaN NaN NaN
13- Np = 100; NaN Nal NaN
14- Na Nall NaN
15 NaN Nal NaN

16=  NRuns = 5;

Columns 49 through 51
18®  bestsol = NaN (NRuns, length(lb));

19~  bestfitness = NaN(NRuns, 1);

NaN NaN NaN
20-% BestFitIter = NaN(NRuns,T+l); NaN Nal NaN
21 . NaN Nal NaN
22~ Clfor i = 1:NRuns NaN NaN Nall
23 - mg(i, teister’) % Controlling the random number generator Nan Nali Na
24 - [bestsol(i,:),bestfitness(i),BestFitIter(i,:},~,~] = TLBO(prob, b, ub,Np,T
25~ “end Columns 52 through 54
26
27-  [Stat(1,1),ind) = min(bestfitness); NaN Nal NaN
28~  stat(l,2) = max(bestfitness); NaN Nal Nall
29-  Stat(1,3) = mean(bestfitness); Nal NaN Nall
30~  stat(l,4) = median(bestfitness); g NaN NaN NaN
31-  stat(l,5) = std(bestfitness); ¥ Detemining the standard deviatio NaN Nall Nal
32
33 3O > v
e o W
| < R o cm@m @ $ i

So, f 10 so, this is bestsol. So, it will have 54 columns and 5 rows ok. So, fitness
corresponding to each of the solution will be stored in best fitness right. So, this will be a
vector of 5 rows and 1 column. So, this convergence curve right will have T plus 1 values

right.

So, T is the number of iterations, it will have the best fitness function value for the 100
iteration. In addition it also will have the best fitness function value for the initial population
right. So, that is why this is T plus 1 right and we are executing 5 runs right. So, this
BestFitlter is a matrix of 5 comma 101 in this case or T plus 1 f 10 right. So, we are executing
it for 5 times. Every time we need to change the seed so, we are saying that we will run the
twister algorithm with the seed as first as 1, second time as 2, third time as 3, forth time as 4

and the fifth time as 5.



So, now, we are ready to execute the algorithm right. So, every time we send the same details
right. So, but the answers could be different because the random number selected for each run
is different right. So, we are not going inside this algorithm because we know what is

happening over there.
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10
1
ans =
12 §% Algorithm parameters
. = 100; % Populati e
13 Kp = 100; % Population Size Columns 1 through 2
14- T =100; % No. of iterations
ll-i' —— [ WA
" e ol Halr
0 Nan
18®  bestsol = NaN (NRuns, length(lb)); 0 Nall
19—  bestfitness = NaM(NRuns,1); 0 Nalt
22— BestFitIter = NaN(NRuns,T+l); 0 NaN
X ] NaN
22- [lfor i = 1:NRuns 0 Nai
23- g (i, 'twister') % Controlling the random number generator used by rand, ra 0 NaN
24 [bestsol(i,:),bestfitness(i),BestFitIter(i,:),~,~] = TLBO (prob, b, ub,Np,T); 0 -
-
:: ond ] Wal
. 9 q o ; 0 L
27-  [stat(l,1),ind] = min(bestfitness); % Determining the best fitness func u -
28-  Stat(l,2) = max(bestfitness); % Determining the » fi (] NaN
29~  Stat(l,3) = mean(bestfitness); % Determining the mean fitne o S
30- stat(l,4) = median(bestfitness); % Determining the median fit i o
31-  Stat(1,5) = std(bestfitness); % Determining the standard deviatic 0 i
323 [] Nall
i f 0 Nall «
[ f———
nﬂ Tipe ere tosearch md = ] []

So, bestsol transpose, it has values in the first column because only the first run is complete

right.
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B 0 Yal
- 711 NaN
12 §% Algorithm parameters 0 Nall
13- Wp = 100; % Population Size 0 g
14- T =100; % No. of iterations 500,00 Nai
15 0 Nall
16-  NRuns = 5; 0 NaN
u 0 NaN
18@  bestsol = NaN (NRuns,length(1b)); 0 Nal
19~  bestfitness = Nal(NRuns, 1); 0 Nall
20~  BestFitIter = NaN(NRuns,T+1); 0 Nall
2 0 Nall
22- [lfor i = 1:NRuns - 724,01 Nal
23~ ng(i, 'twister') % Controlling the random number generator used by rand, ra 0 Nal
24- [bestsol (i, :),bestfitness(i),BestFikIter(i,:),~,~] = TLBO(prob,1lb,ub,Np,T); 0 NaN
25-% “end [BestFititer: 5x101 double 0 Nah
26 680..00 NaN
27-  [Stat(l,1),ind] = min(bestfitness); % Determining the best fitness function value 0 Nall
28-  Stat(l,2) = max(bestfitness); % Determining the worst fitness function walue 0 Nalt
29-  Stat(l,3) = mean(bestfitness); % Determining the mean fitness function value M 0 Nal
30- stat(l,4) = median(bestfitness); % petermining the median fitness function value 0 Nall
31-  Stat(l,5) = std(bestfitness); % Determining the standard deviation 0 o
2 ] NaN
'k Ll
[L—
nﬂ Tipe ere tosearch md = ] []

So, it has the values in the first column right, best fitness. Again if we see over here, the first
value is minus 413.80 which is the same when we ran it for a single run right because that time
we had use the same algorithm and seed was fixed 1 right. So, this best fitness is minus 413.80

for the first time. Similarly we will have this convergence curve.
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fx K> Bestritie

1

12 4% Algorithm parameters

13- Bp = 100; % Population Size
14- T =100; % No. of iterations
15

16=  NRuns = 5;

17

18®  bestsol = NaN (NRuns, length(lb));
19-  bestfitness = Nal(NRuns, 1);
20-  BestFitIter = NaN(NRuns,T+1);

21

22~ [lfor i = 1:NRuns o
23~ g (i, 'twister') % Controlling the random number generatc
24- [bestsol(i,:), bestfitness(i),BestFitIter(i,:),~,~] = TLBO(prob,1b,ub,Np,
25-% “end

26

27-  [Stat(1,1),ind) = min(bestfitness); % Determining the best fitness fur
28-  Stat(l,2) = max(bestfitness); % Determining the worst fitness fi
29-  Stat(l,3) = mean(bestfitness); % Determining the mean fitness fur H
30- stat(l,4) = median(bestfitness); % Determining the median fitness f 1
31-  Stat(l,5) = std(bestfitness); 4 Determining the standard deviati
32

# 4
- Do b

<EEECN, > =60 /oo

In this case the first row would be populated right. So, BestFitlter right.
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-413.80 -413.80
NaN NaN
Nall NaN
NaN NaN
Nall NaN

Columns 97 through %9

-413.80 -413.80
NaN NaN
Nal NaN
NaN NaN
NalN NaN

Columns 100 through 101

-113.80 -113.80
NaN NaN

NaN Nal

I Nan NaN
Nall NaN

35

-413.80
NaN
NaN
NaN
NaN

-413.80
Nan
NaN
NaN
NaN

1

12 #% Algorithm parameters

13- Np = 100;

14- T =100;

15

16=  NRunS = 5;

17

18®  bestsol = NaN (NRuns, length(lb));

19-  bestfitness = NaN(NRuns, 1);

20~  BestFitIter = Na(NRuns,T+1);

21

22- [lfor i = 1:NRuns

i ng(i, "twister') ¥ Controlling the random number generatc
24- [bestsol(i,:),bestfitness(i),BestFitIter(i,:),~,~] = TLBO (prob, b, ub,Np,
25-% “end

26

27-  [stat(1,1),ind] = min(bestfitness);

28-  Stat(l,2) = max(bestfitness);

29-  Stat(l,3) = mean(bestfitness);

30- stat(l,4) = median(bestfitness);

31-  Stat(l,5) = std(bestfitness);

32

|3.3

T

n.ﬂ Type here tosearcn mams ]

So, the first row is populated because the first row contains the convergence curve for the first
run right. So, in this case, we are not looking at the final population and its fitness function. If
you are interested you can save the final population and the fitness function of the final

population in each run right. So, this is the second run right. So, this is executing it for the

second time.

So, now if we see 2 values are populated. So, first time we got minus 413.8, second time we

got minus 470.64 right. Similarly this BestFitlter will now have 2 rows which are populated

right.
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1n -413.80

12 4% Algorithm parameters -313.75

13- Hp = 100; % Population Size Nalt

14- T =100; % No. of iterations Hali

15 NaN

16=  NRuns = 5;

17 Column 100

18@  bestsol = NaN (NRuns,length(1b));

19-  bestfitness = Nali(NRuns, 1); -413.80

20-  BestFitIter = Nal(NRuns,T+1); -456.93

21 NaN

22- [lfor i = 1:NRuns | Nal

23- mg(i, 'twister') % Controlling the random number generator used by ri Nal

24- [bestsol(i,:),bestfitness(i),BestFitIter(i,:),~,~] = TLBO (prob,1lb,ub,Np,T);

25-9 “end Column 101

26

27-  [stat(l,1),ind] = min(bestfitness); % Determining the best fitness function value -413.80

28-  Stat(1,2) = max(bestfitness); 4 Determining the worst fitness function valu 471,64

29-  Stat(l,3) = mean(bestfitness); % Determining the mean fitness function value - Nalt

30-  Stat(l,4) = median(bestfitness); 4 Determining the median fitness function vali | X Nalt

31-  Stat(l,5) = std(bestfitness); % Determining the standard deviation Nall

2

33 . e |

, < E— s

LT

0 OO T

So, here if we see 2 rows are populated right. So, similarly the rest of the 3 runs could be
executed right. So, we will just put a breakpoint over here and continue ah, it is executing the

rest of the 3 runs right.
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1'U =g| K>> bestfitness
1
12 8% Algorithm parameters

bestfitness =

M -471.64
15
4
is NRuns = 5; T
-380.92

18®  bestsol = NaN (NRuns, length(lb));
19-  bestfitness = Nal(NRuns, 1);
20-  BestFitIter = NaN(NRuns,T+l);

K>> -bestfitness

. ans =
22~ [lfor i = 1:NRuns

23- g (i, "twister’) % Controlling the randor
24~ [bestsol (i, :),bestfitness (i), BestFitIter(i,:),~,~] = T
25- “end

413.80
471,64
653.76
300.75

o3 ind] = i i ; % Determining the
2789 [Stat(l,1),ind] = min(bestfitness); L i ! 380,92

28-  Stat(l,2) = max(bestfitness);
29-  Stat(l,3) = mean(bestfitness);
30- stat(l,4) = median(bestfitness);
31-  Stat(1,5) = std(bestfitness);

fr o>

So, here let us wait for the command prompt. So, we have a command prompt now over here.
So, best fitness if we see it has 5 values right. So, this is the best solution which we got in the
first run, this is the best solution which we got in the second run, this is a fitness function value

of the best solution in the third run and the forth run and the fifth run right.

So, right now if we see third run gives us the best solution right because it has the lowest
value right. So, this best fitness is the fitness function value and it is for minimization right. If
you are talking about profit then these are the profit right. So, the maximum profit we get is

653. 6 right or the minimum fitness is minus 653.7 6.

So, the third run gives us the best solution. We want to extract that particular solution right
ultimately it is the solution which will help us to realize the objective function value right. So,

if someone tells us that profit is 653.76 for some production plan. It is not useful to us right



because unless we know the values of the decision variables, the value of the objective
function hardly helps us to implement it right. So, it is necessary for us to get the decision

variables right and the decision variables are in this bestsol right.
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10 Eil
653.76
- 300.75
12 %% Algorithm parameters 180.92
13- Hp = 100; % Population Size
14- T =100; % No. of iterations K>> bestsol (3, 1)
15
16=  NRuns = 5; ans =
17
18@  Dbestsol = NaN (NRuns, length(1b)); Columns 1 through 3
19-  bestfitness = Nal(NRuns, 1);
20-  BestFitIter = NaN(NRuns,T+l); ;- 0 0
21
22= Qfor i = 1:HRuns -|  columns 4 through 6
23 = rng(i, 'twister') % Controlling the random number gene:
24- (BOBEREH (1, ), bestritness (i), BestFitIter (i,:),~,~] = TLBO(prob, lb, ub, I 5 0l
25~ -end
26 Columns 7 through 9
278% [stat(l,1),ind] = min(bestfitness); % Determining the best fitness
25~  stat(l,2) = max(bestfitness); % ini 0 0 0
29-  Stat(l,3) = mean(bestfitness);
30-  stat(l,4) = median(bestfitness); Columns 10 through 12
31-  Stat(1,5) = std(bestfitness);
32 [} 0 0
ik ]
RTr—
H B Yype heretosearch mam (] [ ]

So, the best sol we are looking at the third row all the columns that is what we are interested
right. So, third row all the columns is given over here. So, for the third run the best solution is
process 1 is to be used to produce 270, process 17 right; this is 16, this is 17, this is 18

because it write 16 to 18 over here.
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Columns

13-

22-
23~
24-
25~
2
219%
28
29-
30-
1=
2
3

o

4% Algorithm parameters
Np = 100;
T = 100;

NRuns = 5;
bestsol = NaN (NRuns, length(1b));
bestfitness = NaN(NRuns,1);

BestFitIter = Nal (NRuns, T+1);

Clfor i = 1:NRuns
g (i, 'twister')

% Population Size
% No. of iterations

% Controlling the random number gene:

B8SEE8 (:, :), bestfitness (i), BestFitIter(i, ) ,~,~] = TL80(prob, b, ub,

“end

[stat(1,1),ind] = min(bestfitness);

Stat(1,2) = max(bestfitness);
Stat(1,3) = mean(bestfitness);
Stat(l,d) = medi i H

% Determining the best fitness
% Determining the worst fitnes:
% Determining the mean fitness
% ining the median fitne:

Stat(1,5) = std(bestfitness);

% Determining the standard devi
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Columns

Columns

Columns

Columns

Columns

4 through 6

0 (1]
7 through 9

o (]

10 through 12

0 0
13 through 15
0 1]

16 through 18

o 200,00
19 through 21
0 o
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Columns 37 through 39

10 h

11 0 0
12 %% Algorithm parameters

13- Wp =100 % Population Size Columns 40 through 42

14- T =100; % No. of iterations

15 1 0 50.00
16-  NRuns = 5;

1 | Columns 43 through 45

18@  bestsol = NaN (NRuns, length(lb));

19-  bestfitness = Nal(NRuns,1); 0 0
20-  BestFitIter = NaN(NRuns,T+l);

21 | Columns 46 through 48

22- Clfor i = 1:NRuns -

23~ ng(i, 'twister') % Controlling the random number gene: 680.00 (]
2- (BOBERB ., ), bestritness (i), BestFitIter (i, :),~,~] = TLBO (prob, b, ub,

25- “end Columns 49 through 51

26

2794 [stat(l,1),ind] = min(bestfitness); % Determining the best fitness 189,98 0
25~  stat(l,2) = max(bestfitness); % Determining the worst fitnes:

29=  stat(l,3) = mean(bestfitness); % Determining the mean fitness Columns 52 through 54

30- Stat(l,4) = median(bestfitness); % Determining the median fitne:

31-  Stat(l,5) = std(bestfitness); % Determining the standard devi " o
2

33 e

s bromd o debegor

0 OO T

So, process 17 is to be used to produce 200 and then process 41 is to be used to produce 50
process 46 and 48 are used to produce 68 and 452.04 and process 49 is to be used to produce
489.98 right. So, that is the production plan.
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T Dl Mon floen ¥ =g| K> bestfitness

13- Np = 100;
4- T=100; bestfitness =
16-  NRuns = 5; -413.80
-471.64
-653.76
=300.75
-380.92

19@  bestsol = NaM(NRuns, length(1b));
19-  bestfitness = NaM(NRuns, 1);
20-  BestFitIter = NaN(NRuns,T+l):

22- [for i = 1:NRuns o> §
23~ mg(i, "tuister’) % Controlling the random number generator used by rand, ra
24- [bestsol(i,:),bestfitness(i),BestFitIter(i,:),~,~] = TLBO(prob,lb,ub,Np,T); I
25- ‘“end

27®  [stat(1,1),ind] = min(bestfitness);
28-  Stat(l,2) = max(bestfitness);

29~ Stat(1,3) = mean(bestfitness);

30-  Stat(l,4) = median(bestfitness);
31-  Stat(l,5) = std(bestfitness);

34-% =0

35- Clfor i =1 :length(ub)

Iilsf if bestsol(ind.i) > 0
- Ruodasbogn

E B Type eretosewch mdm ] . ]

So, we can directly determine that by having this small piece of code right. Remember for this
best fitness again we are supposed to do a statistical analysis. So, here in line 27 what we are
saying is we are finding out the best fitness value right in best fitness. So, out of the 5 runs
which is the runs that gives us the best solution since we have converted the problem into
minimization right. So, min of best fitness gives us the best solution right. So, that value would
be stored in Stat of 1. Remember this value Stat which we had previously used for doing

statistical analysis right.

So, it is going to be a row vector, the first column is going to have the best run, the second
column is going to have the worst run, the third column is going to give us mean of all the
runs, the forth column is going to give us the median and the fifth column is going to give us

the standard deviation right.



So, that is how we had arranged it previously. Stat will be a row vector; first column is best
solution, second column worst solution, third column mean, forth column median and fifth
column is the standard deviation in this 5 runs right. So, here what we are doing in addition to
getting this value right of minus 653.76, we also getting the location which run it is occurring

right. So, that will be stored in ind.

Remember this mean function we have used multiple times in addition to giving the best value,
it can also give us where it is located right. So, where it is located is required so, that we can
extract that solution from this bestsol right. So, that is why we are having this ind over here, it

is just name of a variable.
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" sopwr | emem o WKm | mmen 4 = bestfitness =

13- Np = 100; % Populat

14- T =100; No. of iterations -413.80

15 -471.64

16—  NRuns = §; -653.76

17 -300.75

168  bestsol = NaN (NRuns, length(1b)); -380.92

19—  bestfitness = NaN(NRuns, 1);

20~  BestFitIter = Nal(NRuns,T+1): K>> Stat

21

22— Lfor i = l:NRuns stat =

23~ mg{i, "twister') % Controlling the random number generator used by rand, ra

24- [bestsol (i, :),bestfitness (i), BestFitIter(i,z),~,~] = TLBO(prob,lb,ub,Np,T); cﬂumr!:s 1 through 2
25- ‘end

26 -653.76 -300.75

27®  [Stat(1,1),ind] = min(bestfitness);
28-  Stat(l,2) = max(bestfitness);

29-  Stat(1,3) = mean(bestfitness);

30- Stat(l,4) = median(bestfitness);

Columns 3 through 4

-444.17 -413.80
31-  Stat(l,5) = std(bestfitness);
32 Column 5
33
U-% =0 132.45
35— [Ifor i = 1 :length{ub)
e if bestsol(ind,i) > 0 AT
e
npwmmmn 0 mam (] ]

So, if we just execute this so, now if we see this variable Stat.
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13- Kp = 100; % populat e
4- T=100; % No. of iterations
15

16—  NRufs = 5;

17

19@  bestsol = NaM(NRuns, length(1b));

19-  bestfitness = NaN(NRuns,1);

20~ BestFitIter = NaN(NRuns,T+l);

21

22- o i - 1R

23~ mg(i, 'twister') % Controlling the random number
24 - [bestsol (i,:),bestfitness(i),BestFitIter(i,:},~,~) = TLBO(prob,
25 “end

26

27®  [stat(1,1),ind] = min(bestfitness);

26 - Stat(l,2) = max(bestfitness);

29~  Stat(1,3) = mean(bestfitness);

30~  Stat(l,4) = median(bestfitness);

31-  stat(1,5) = std(bestfitness);

32

33

34-9 n=0;

35~ Clfor i = 1 :length(ub)

36 if bestsol(ind.i) > 0

-

Hﬂlmmn:m ) mams ]

So, the best run is minus 653.76, the worst is minus 300.75 the mean of the 5 runs is minus

444,17, the median of the 4 runs is minus 413.8 and the standard deviation is 132.45.

So, here you can see the standard deviation can be significantly higher right or even best
fitness the difference is quite significant right. We can get as low as minus 300 and as high as
minus 653.76. So, if we increase the number of runs to let us say from 5 to let us say 25, we

may even get a better solution than minus 653.76 right. So, that is why it is important to run

multiple times.

Commed Windew

E>> stat
stat =
Columns 1 through 4
-653.76
Column 5
132.45
E>> bestfitness
bestfitness =
-413.80
-471.64
-653.76
=300.75

-380.92

S

-300.75 -444.17 -413.80

sow wE W
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13- Kp = 100; pulation i ~
14- T =100; No. of iterations K>> bestfitness
15
16- RG0S - s bestfitness =
17
18®  bestsol = NaN (NRuns, length(lb)); L -413.80
19~  bestfitness = Nal (NRuns,1); : -471.64
20-  BestFitIter = NaM(NRuns,T+l); -653.76
21 -300.75
22~ (Ifor i = 1:NRuns -380.92
23~ mg(i, 'twister’) % Controlling the random number
24- [bestsol (i, :),bestfitness (i), BestFitIter(i,:),~,~] = TLBO(prob, B> Stat
25- lend
26 stat =

27®  [stat(1,1),ind) = min(bestfitness);
28-  Stat(l,2) = max(bestfitness);

29-  Stat(1,3) = mean(bestfitness);

30-  Stat(l,4) = median(bestfitness);

31-  stat(l,5) = std(bestfitness); |
32 Column 5

Columns 1 through 4

-653.76 -300.75 -444.17 -413.8(

34-% n=0; 132.45
35— Cfor i = 1 :length(ub) 1
36— if bestsol(ind.i) > 0 . |[mR>

- St W

n £ T beetosearch mam (1] & [ ]

So, this is the stat variable, it gives the statistical analysis of all the 5 runs right. So, here we
have plugged it with TLBO, you can use any of the other 4 meta heuristic techniques that we
have discussed. Nothing would change right, you need to just call the appropriate function and

give the appropriate input to the materialistic techniques right.

So, these 3 input is going to remain constant because that is coming from the optimization
problem which we are solving. So, these 2 would also remain the same for all the 4 meta
heuristic techniques which we have discussed right. But if you use simulated annealing or
something else you might have to give a different value over here otherwise the rest of the

parameters, you need to appropriately give.

So, for example, if you are choosing differential evolution, then you will also have to give the

crossover probability and the scaling factor. If you are choosing to solve it with particle swarm



optimization in addition to N p and T you will have to give the inertia weight and the to
acceleration coefficient ¢ 1 and ¢ 2 right. So, the rest of the discussion is going to just involve

on post optimality analysis right.
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Columns 49 through 50
20=  BestFitIter = NaN(NRuns,T+l); 0 0
i . 0 0
22- Flfor i = 1:NRuns 489,99 0
23— ng(i, 'twister') % Controlling the random number generator used by 0 0
24- [bestsol (1, 1), bestitness (i), BestFitIter (i, :),~,~] = TL8O(prob, b, ub, N ; §80,00 23.38
25- ‘“end
& Coluans 51 through 52
27@  [Stat(l,1),ind] = min(bestfitness); % Determining the best fitness function val
28~  Stat(1,2) = max(bestfitness); % Determining the worst fitness function va o 0
29-  Stat(l,3) = mean(bestfitness); % Determining the mean fitness function val 30.74 0
30- Stat(l,4) = median(bestfitness); % Determining the median fitness function v} 0 0
31- Stat(1,5) = std(bestfitness); % DE[E[mlHillg the standard deviation L 0 0
@ 0 0
33
H-® n=0; Columns 53 through 54
35- [lfor i = 1 :length(ub)
36- if bestsol(ind,i) > 0 ° 0
37 = n=n+l 0 0
38- dispsol(n,:) = [product(i) i bestsol(ind,i)]; M 0 0
= L 500.00 0
40- “end o )
41
.422 § bestsol = bestsol(ind,:); TS haJtml [3,‘
e bty
HF Type here o search mam 4] [ ]

So, what we are doing over here is this best solution if we see it contains; so, the third run is

what we are interested right.
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19-  bestfitness = NaN(NRuns, 1); A 0 E
20~  BestFitIter = NaN(NRuns,T+l): 500,00 0
21 0 0
22- (lfor i = L:NRuns

23- g1, "twister’) % Controlling the random number generator used by 10> bestsol(3, )

24- [bestsol (i,:),bestfitness(i),BestFitIter(i,:),~,~) = TLBO [p:ob,lb,ub,-):

25- lend e

26

218 [stat(l,1),ind] = min(bestfitness); % Determining the best fitness function val Columns 1 through 2

28-  Stat(l,2) = max(bestfitness); % Determining the worst fitness function va

29-  Stat(l,3) = mean(bestfitness); % Determining the mean fitness function val 270_00[ 0
30-  Stat(l,4) = median(bestfitness); % Determining the median fitness function v

31-  stat(l,5) = std(bestfitness); % Determining the standard deviation R Columns 3 through 4

£rl

33 0 0
34-% n=0;

35- Clfor i = 1 :length(ub) Columns 5 through 6 I
36- if bestsol(ind,i) > 0

37- n=n+l; L 0 0
8- dispsol(n,:) = [product(i) i bestsol(ind,i)]: 0

39- end Columns 7 through &

40- ‘end

41 0 0

So, right now it is displaying all the 0, let us say we want to display only the non zero values

right along with the product as well as the process number right.
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So, then we can write a small piece of code right which is what we have done over here right.

25= “end

26

27®  [stat(1,1),ind] = min(bestfitness); % Determining the best fitness function val
26~  Stat(l,2) = max(bestfitness); % Determining the worst fitness function va
29-  stat(1,3) = mean(bestfitness); % Determining the mean fitness function val
30~ Stat(l,4) = median(bestfitness); % Determining the median fitness function v
31-  stat(1,5) = std(bestfitness); % Determining the standard deviation

32

33

34-9 n=0;

35— Clfor i=1 :lErlgtMan‘

36 - if bestsol(ind,i) > 0

37- n=n+l; i
38 - dispsol(n,:) = [preduct{(i) i bestsol(ind,i)]:

39~ end

40~ “end

41

42 % bestsol = bestsel(ind,:);

43 % ind = bestsol>0;

44 § Process = 1:54;

45 % dispsol = [product (ind) Process(ind)' bestsol (ind)'];

Columns 5 through &

0 0
Columns 7 through B

0 0
Columns 9 tlhmnqh 10

0 0

Columns 11 through 12

0 0
Columns 13 through 14 '
0 0

Columns 15 through 16

FIE
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o . it LR R L =g| 35 for i =1 :length(ub)
- Len 9 T
6 36 if bestsollind,i) > 0
. P . K>> bestsol(3,1)
27®  [stat(1,1),ind) = min(bestfitness);
28~ Stat(l,2) = max(bestfitness); ——
29-  Stat(l,3) = mean(bestfitness);
30- Stat(l,4) = median(bestfitness); 270.00
31~ Stat(1,5) = std(bestfitness); :
2 K>> dispsol
33
R DY dispsol =
35- Clfor i = 1 :length(ub)
Y i i
36 if bestsol(ind,i) > 0 Coluans 1 through 2
37- n=n+l;
38 dispsol(n,:) = [product(i) i bestsol(ind,i)]; 1.00 1.00
39~ end
oy o Column 3
41
42 estsol 1(i 270.00
43 nd = be );
:; Pr : 40 end
o oy il 36 if bestsol(ind,i) > 0
& k>> bestsol (3, 1)
i 1
48
I
-
ﬂ Py r—— magm)0

So, what we are doing is we are initializing scalar n is equal to 0 right. So, this scalar is going
to keep track of the solutions which are non zero right. So, and we run a loop across the

decision variables right.

So, we have 54 decision variables. So, this length of this Ib would be 54. So, we are just going
one variable by one variable right and we know that the best solution is in this row, ind right.
So, in this variable bestsol, it will contain 5 cross 4 we are interested in the third row right and
we are checking for the i th variable. So, if it is greater than 0, we are increasing the counter of

n by 1 and we are creating this dispsol right a matrix dispsol.

So, this is just to display the solution right. So, what we are doing here is we are stacking the
product number right. This variable product contains which process produces which product

right. So, we are saying product of i right what is the ith value in this vector product and the



value 1 right the value i because the location i indicates the process number that is how we
have defined our decision variable and this bestsol of ind comma 1 will give us the value the

exact value right.

So, for example, now 1 is 1 right. So, if we say what is best sol of 3 comma one right. So,
bestsol of 3 comma 1 is 270 right. So, it will put 270 over here right and it will come inside
this loop only if this value is non zero right. If it had been a 0 value, it would not come inside
this if condition, it will not satisfy this if condition and it will not come over here right. So, this
we run across all the decision variable right. So, dispsol if we see now, it says that the first

product is produced from process 1 and the quantity produced is 270 right.

So, this has to be run for all the processes. So, second time this value is actually 0 right. So,

best sol 3 of 2 would be 0 right.
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i = S Jcombingr S - GSderiibn | Wm | em 4 =]
36 - dispsol(n, :) = [product(i) i bestsol(ind,i)]; i 270,00
K>> dispsel
dispsol =
Columns 1 through 2
solin
1.00 1.00
Column 3
270,00
52 g plot(l: 40 end
53 - n=0; 36 if bestsol(ind,i) > 0
54 - for j = 1:T+l K>> bestsol(3,2)
55 = if BestFitIter(i,j) <0
56 - n=n+l; ans =
57~ y(n) = BestFitIter(i,j);
58 - x(n) = j; 0
59 - end
60 - end 40 end
S

o e 1



So, it will not get into this if condition. So, n still remains one though we have checked 2
variable only the first variable went through this if condition because the production was
greater than 0, this loop gets executed for 54 times right. So, let me just put over here and

then execute it right.
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ey 21.00 46.00 .

38- tispsol’ 21,00 48,00

39 = end 21.00 49.00

1 Column 3

43 % ind = bestso] 270.00
44 % Process =1 200.00
15 Jispsol = [p 50,00
46 680.00
47 452.04
48 489.98
4989 Ifor i = 1:NRun:
50 % ind =] ¥>> dispsol
51 % Bestk
52 % plot dispsol =
83- n=0;
54- for § = 1:1 1.00
85— if Best
56— n g
51- y(r
58— x(r
59- end

g’ prem—t 108

So, now we can just have a look at this dispsol right. So, instead of trying to figure out which
are the processes producing manually, we have just made use of couple of lines of code to

come up with this non zero values.

So, it tells us that the first product is produced from process one and the amount of
production is 270 right we produce product 7 from process 17 and the quantity of production

is 200. We produced product 19 from process 41 and the production quantity is 50 and



product 21 is produced from process 46, 48 and 49. The production from process 46 is 680,
from process 48 is 452 and from 49 is 489.98 right.
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21.00
21.00 48.00
21.00 49.00

1f bestsol(ind,1) > 0
37 = n=n+l;
38 = dispsol(n,:) = [product(i) i bestsol(ind,i)];

Column 3

270.00
200.00

50.00
£80.00
452.04
489.98

- K>> dispsol

dispsol =

51 L1
s2 L]
53 = n=10;

54 - for j = 1T+l

55~ if BestFitlIter(i,j) <0

56~ n=n+l;

57 - y(n) = BestFitIter(i,j);
55 - x(n) = j;

59 - end

2R

oo & &%

So, now we do not have to manually see what are the non zero values right. So, this piece of
code can help us to actually get the non zero values right. So, we have explained you this you
can also directly use conditional indexing right and also get the same values right. Now that
we have analyzed this best solution now let us try to get all the convergence curve on the same
plot right. So, since we had solve this problem 5 times right, we can also plot all the 5
convergence curve and now we are not interested to plot the entire convergence curve right;
we are only interested to plot the convergence curve from the point it discovers a feasible

solution right.
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40- “end -380.92
41 -380.92
42 % bestsol = bestsol(ind, :); -380.92
43 % ind = bestsol>0; -380.92
44 % Process = 1:54; -380.92
45 % dispsol = [product (ind) Process(ind)' bestsol(ind)'l; -380.92
46 -380.92
n -3ad.02
48 -380.92
4989 Ifor i = 1:NRuns -380.92
50 % ind = BestFitIter(i,:)>0; -380.92
51 ¥ BestFitIter(i,ind) = Nal; 1 -380.92
52 ¥ plot(1:T+1,BestFitIter(i,:),'*") -380.92
53~ 0; -380.92
54= B for j = 1:T+1 -380.92
85- if BestFitIter(i,j) <0 -380.92
56~ n=n+l; -380.92
571- y(n) = BestFitIter(i,j); -380.92
56— x(m) = j; = -300.92
59— end -380.92
60~ | end -380.92
€1- plot (x,y,'*")

62~ hold on L s "

y « f

L

0 -

So, only when this BestFitlter let us say I make a column vector of it right.
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Ey
49

% bestsol = bestsol(ind, :);

% ind = bestsol>0;

% Process = 1:54;

% dispsol = [product (ind) Process{ind)'

|49@% Ifor i = 1:NRuns

50
51
52
53-

54= [l

ss-
56~
57-
58 —
59~
Fil
61-
=

% ind = BestFitTter (i, :)>0;
] BestFitIter(i,ind) = W

% plot(1:T+1,BestFitIter(i,:},'*

n=0;
for j = 1:T+l
if BestFititer(i,j) <0
n=n+l;
y(n) = BestFitIter(i,j);
x(n) = 3;
end
end
plot (x,y,'*")
hold on

ans =

Columns 1 through 4

2133463p638007903158272. 00 20569005131290642481152.00 21308585687227473854464.00 2

15

47930112.00 1825

6089627901 30146869248.00
182186007459205742592.00

46534656.00

7753472. 00

79904.00 8445690
00 5194220

1

3929447424..00

100000000000000000000.00 100187671861873917952.00

-277.62 199533442429942628
-277.62 199533442429942628
-2177.88

1 00 00
100000000000000000000. 00 100000000000000000000. 00
1 00 00
1 00 00

BE171892121756448.00 100000000000000000000,00
86171892121756448.00 100000000000000000000.00
B6171892121756448.00 65670648944064249856.00
B6171892121756448.00 €5670648344064249856.00
86171892121756448.00 €5670648944064249856.00
86171892121756448.00 65670648944064249856.00

-270.29 656 o -333.11 1 156864000, 00
% -320.96 65670648944064249856.00 -411.04 -136.78
# S e i - 1ar an o

-279.88 113930441406015098
-268.99 113930441406015098
-288.99 113930441406015098
-291.34 11393044140601509088.0
-291.34 11080039090756864000.0
~291.34 11080039090756864000.00
-291.63 11080039090756864000.00
-291.63 11080039090756864000.00
-291.63 11080035090756864000.00

< I
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40

% bestsol = bestsol(ind, :);

% ind = bestsol>0;

% Process = 1:54;

% dispsol = [product(ind) Process(ind)'

14909 for i = L:NRuns

50

% ind = BestFitlter(i,:)>(;
% BestFitIter(i,ind) = WaN;

1] plot (1:T+1,BestFitIter(i,:),'*

n=0;
for j = 1:T+l
if BestFitIter(i,j) <0
n=n+;
y(n) = BestFitIter(i,j)s
xn) = 3;
end
end
plot (x,y,'*")
hold on

182186007459205742592..00 00 00 5194220
i 3929447424.00 o -217.62 1995334&26295!1628'
100000000000000000000.00 100187671861873917952.00 =277.62 199533442429942628)
1 00 o0 -2177.88

1 00 00 -219.88 113930441406015098
100000000000000000000..00° 100000000000000000000. 00 -288.99 113930441406015098
1 00 00 -288.99 113930441406015098

B6171892121756448.00 100000000000000000000.00
86171892121756448.00 100000000000000000000.00
86171892121756448.00 65670648944064249856.00
B6171892121756448.00 65670648544064249856.00
86171892121756448.00 €5670648944064249856.00
86171892121756448.00 65670648944064249856.00

-291.34 11393044140601509888.0
=-291.34 11080039090756864000.0
-291.34 11080039090756864000.00
-291.63 11080039090756864000.00
-291.63 11080039090756864000.00
-291.63 11080039090756864000.00

-2'*}.29 656 0 =333.11 1 156864000. 00
-320.96 65670648944064249856.00 -411.04 -136.78
~320.96 65670648944064249856.00 -411.04 ~136.78
-320.96 65670648944064249856.00 -411.04 -136.78
-320.96 65610648944064249856.00 -411.04 -136.78
-320.96 65670648944064249856.00 -411.04 -180.70
=320.96 -289.70 ~435.02 ~180.70

-320.96 -289.94 ~435.02 -180.70

-320.96 -290.32 ~451.66 ~180.70

-320.96 -290.39 -451.66 -180.70

-320.96 -290.39 -451.66

-180.70
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R T |
T ______ Eool | = -413.80 313,75 -653.76 -275.11 il
ol | -413.80 -373.75 -653.76 -275.11
s -413.80 -373.75 -653.76 -276.66
i . ) -413.80 -373.75 -653.76 -296.39
. . -413.80 -373.75 -653.76 -300.75
o -413.80 -313.75 -653.76 -300.75
45 duct (ind) Process(ind)' kL) i el o e
et -413.80 -373,75 -653.76 -300.75
e -413.80 -373.75 -653.76 -300.75
P -413.80 -456.93 -653.76 -300.75
R Etor 1 = 1:MBms -413.80 -an1.6d -653.76 -300.75
50 % ind = BestFitlter(i,:)>0;

51 ¥ BestFitlIter(i,ind) = Nal; e

52 & plot(1:T+1,BestFitIter(i,:}, "'y

=y =0 21299682355051317426224.00

el for § = 1131 2151475043798961618944.00

2 it Bestrititer(t,d) <0 600000000000000000000..00

Y e 300000000000000000000..00

g y(n) = Bestrititer(i, )7 100000000000000000000..00

o ) 194224510213785408.00

59- end -147.15

= - -147.15

61~ plot (x,y,'*") 147,15

- hold on L

¥
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So, for example, the first column is the first run and now we want to plot only after it
discovers a feasible solution that is we want to plot only after this minus 270.29 right and see
how it is converging. So, minus 270.29 and all the way up to minus 413.80, for the second run
we want to plot from this minus 289.7 and all the way up to minus 471.6. For the third run,

we want to start with minus 435.02 and all the way up to this minus 653.
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=i -374.47 -313.75 -653.76 -258.30
3447 373,75 -653.76 -258.30
BTy 3375 -653.76 -258.30
3447 3375 -653.76 21511
~400.36 33,75 -653.76 7511
-113.80 -373.75 -653.76 -275.11
-413.80 -313.75 -653.76 -275.11
-413.80 -373.75 558,76 75,11
-413.80 3375 *653.76 7511
-413.80 3375 -653.76 27511
-413.80 33,75 -653.76 511
-113.80 3375 -653.76 -276.66
-413.80 -313.75 -653.76 -296.39
-413.80 373,75 -653.76 -300.75
-413.80 3375 -653.76 -300.75
54- for j = LTl -113.80 378,75 -653.76 -300.75
55- if BestFititer(i,j) <0 -413.80 313,75 -653.76 -300.75
s i R -113.80 3375 -653.76 -300.75
B - . T -413.80 -456.93 -653.76 -300.75
i;_ ﬁi:: N l]%:alenItsr(l,]). -413.80 NUNTEEN ;. ; R
59~ end
Ed - Colum 5
61= plot (x,y,"*")
i i | | 1osseazsssos1317420224.00
; A[rr—
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So, we want to plot only after the algorithm is able to get a feasible solution we are doing that
because we want to actually see this dynamics right. If we plot the entire column, then you had
seen that we are not able to see what is happening towards the end right. So, for this we have
a small piece of code over here right. So, either you can choose to use this section right or you
can come and this and just use this section. So, again similar to this we are having a counter n
is equal to O right and we check for each value of BestFitlter right. So, BestFitlter is going to
have j columns right. So, we start from j is equal to 1 and go up to T plus 1 right; T plus 1

because we have in addition to T iterations. We also have the initial population right.

So, if'it is less than O right so, it will come inside this loop right. If it is not less than 0, it will

not come into this loop right. So, right now for the first time it did not enter this condition



right, similarly second time it did not enter, third time it did not enter, fourth time it did not,

fifth time it did not right, sixth time it did not right. So, j value currently is 7.

Similarly j is equal to 8 it did not, 9 it did not 10, it did not; let us just keep moving right. So, j
is equal to 17. So, when j is equal 17, we get this value to be less than 0 right. So, we increase
the counter of n by 1 right and say y of n is equal to whatever value we have in this case it is
minus 270.29. So, here if we see minus 270.29 was the first solution right and n is currently 1

right and this occurs at 17 th value right. So, that is why j is also 17 right.

So, in this case we keep track of what is the value and we also keep track of the x. So, this
will run for all the iterations for all the iterations T and also the initial population right. So, let

me just put a breakpoint over here and then continue right.
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So, this is the convergence curve for the first run. So, x axis is the number of iteration right, y
axis is the best fitness function value obtained in that iteration. So, here now we can look at
this and analyze whether the algorithm has really converged or additional number of iterations

are required.
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So, this if we continue right so, every time it will plot the convergence curve. So, the for the
first time, we got a feasible solution in 17, for the second run we got a feasible solution in 23

and the value of minus 289.7 right.
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So, let us just come over here. So, now, we have all the convergence curve. So, that
completes this session. In this session what we have done is we have implemented the fitness
function file for the production planning problem and then we independently checked it before

deploying it with any optimization algorithm.

When we were reasonably sure that the fitness function file is doing things correctly, we
plugged it with the optimization algorithm right and then we executed multiple runs on it and
then did a statistical analysis right. So, after statistical analysis we just did some post
optimality analysis wherein we looked at the convergence curve and we also saw how to plot

the a convergence curve. With that will conclude this session.

Thank you.






