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From To W1 w2 W3 W4 W5 We W7 wa
Worker skill 1

P1 Skill 2 10 10 10 10 10 10 10 10
P2 Skill 2 12 12 12 12 12 12 12 12
P3 Skill 2 15 15 15 15 15 15 15 15
Waorker skill 2

P1 Skill 3 10 10 10 10 10 10 10 10
P2 Skill 3 12 12 12 12 12 12 12 12
P3 Skill 3 15 15 15 15 15 15 15 15

Worker ils el 255 55250 S (55,5 :0-Y Jse
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W1 W2 W3 W4 WS WS W7 WS
Worker kil 1
Pl Hiring costs(§) 400 400 400 400 400 400 400 400
Firing costs ($) 500 500 500 500 500 500 500 SO0
Overtime (§) 185 185 185 185 185 185 185 185
Capacity (%) 70 75 70 80 70 8O0 70 8O
P2 Hiring costs (§) 425 425 425 425 425 425 425 425
Firing costs ($) 525 525 525 525 525 525 525 525
Overtime ($) 195 195 195 145 195 19.5 195 195
Capacity (%) 75 75 75 70 75 85 75 85
P13 Hiringcosts($) 450 450 450 450 450 450 450 450
Firing costs ($) 550 550 550 550 550 550 550 S50
Overtime ($) 205 205 205 205 205 205 205 205
Capacity (%) 80 85 80 8O0 B8O 8O BO 8O
Worker skl 2
P1 Hiring costs(§) 475 475 475 475 475 475 475 475
Firing costs (§) 575 575 575 575 575 575 575 575
Overtime ($) 215 215 215 215 215 21.5 215 215
Capacity (%) 80 80 80 8O B85 8O0 8BS 8O
P2 Hiringcosts($) 500 500 500 500 S00 500 S00 S00
Firing costs ($) 600 600 600 GO0 600 60O GOO G600
Overtime (§) 225 225 225 225 225 125 225 225
Capacity (%) 85 85 B85 B85 BS 8BS 8BS 85
P3 Hiring costs($) 510 510 510 510 510 510 510 510
Firing costs (§) 625 625 625 625 625 625 625 625
Overtime ($) 235 235 235 235 235 235 235 235
Capacity (%) 91 90 90 95 90 90 90 90
Worker skl 3
Pl Hiring costs($) 520 520 520 520 520 520 520 520
Firing costs (§) 650 650 650 650 650 650 G650 650
Overtime ($) 245 245 245 245 245 245 245 245
Capacity (%) 90 90 90 90 90 90 90 90
P2 Hiring costs(§) 550 550 550 550 550 550 550 550
Firing costs (§) 675 675 675 675 675 675 675 675
Overtime ($) 255 255 255 255 255 255 255 255
Capacity (%) 95 95 95 95 95 95 95 495
P3  Hiring costs(§) 560 560 560 560 S60 560 560 560
Firing costs ($) 700 700 700 700 700 700 700 700
Overtime ($) 265 265 265 265 265 265 265 265
Capacity (%) 100 100 100 100 100 100 100 100

Worker s law 255 55250 S (55,5 7Y Jse
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Wi W2 W3 W4 W5 Wi W7 W8
Machine level 1 100 100 90 100 20 90 820 g0
Machine leve| 2 50 100 S0 100 100 100 100 100
Machine level 3 100 100 S0 100 100 100 100 100

worker bl pdav 255 3550 NS (55,5 V=Y Jse



W1 w2 W3 W4 WbhH WbE WY WH
Worker skill 1
F1 Machine level 1 0 10 0 f0 0 f0 f0 f0
Machine level 2 (1] (1] (1] 0 (1] (1] 0 (1]
Machine level 3 0 0 0 (1] 0 0 0 0
2 Machine level 1 i i o F i i Fis s
Machine level 2 0 0 0 (1] 0 0 (1] 0
Machine level 3 (1] (1] (1] 0 (1] (1] 0 (1]
P3 Machine level 1 a0 &0 a0 a0 a0 a0 a0 20
Machine level 2 0 0 0 (1] 0 0 0 0
Machine level 3 0 0 0 (1] 0 0 (1] 0
Worker skill 2
F1 Machine level 1 FLL 10 FiLL J0 FLL J0 10 f0
Machine level 2 i i o F i i Fis s
Machine level 3 0 0 0 (1] 0 0 (1] 0
P2 Machine level 1 5 5 Fis P 5 5 P P
Machine level 2 a0 &0 a0 a0 a0 a0 a0 &0
Machine level 3 0 0 0 (1] 0 0 0 0
P3 Machine level 1 a0 &0 a0 a0 a0 a0 a0 20
Machine level 2 825 85 85 85 825 85 85 85
Machine level 3 0 0 0 (1] 0 0 (1] 0
Worker skill 3
F1 Machine level 1 a0 &0 a0 a0 a0 a0 a0 &0
Machine level 2 85 85 85 85 85 85 85 85
Machine level 3 90 o0 90 90 90 90 90 90
P2 Machine level 1 B85 85 85 85 B85 85 B85 85
Machine level 2 90 o0 90 90 90 90 90 90
Machine level 3 95 95 95 95 95 95 95 95
P3 Machine level 1 90 o0 90 90 90 90 90 o0
Machine level 2 95 95 95 95 95 95 95 95
Machine level 3 100 100 100 100 100 (1] 100 100

Worker pile pelaw 255 35 50,8 (g5 5 (A=Y Jse
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Gl e Ol 5 Sl Codgdoms YETF 5 2a¥FAe Lols Jie ol cbsasls ledbl ) asbizal L
Sy gl Syl s 4ol 3L > 31 %S Sley 43 Ve LINGO 33l e O el b ol oo 1y ales

Jole Lf’l"’“"‘ L;La)j:SLe)l &)L:.w; cJ..e.% U‘i‘ BE Cwlodies)s QL:..J q-Y de}- B 63\.@,«:@3 JJ.A )‘ Ou\ﬂT

Demand (workers) wl w2 W3 Wil W5 We W7 Wi
100 50 100 ri [ 100 B85 L)
Warker skill |
Pl W kers wed on kevel 1 327 14 14 a7 a7 4.7 4.7 a7
Waorkers lired on level 1 (1] 1] L1} L1} a L1} (1] (1]
W kers Tered Trom level | L1} 18.7 L] a3 1} L] L1} L1}
Warkers trained 1o level 2 73 [1} 1] 1] [1] 1] 1} 1}
Overtime haours 387 140 140 487 487 487 487 487
P2 Warkers wsed on kevel 1 L1} o ] L] 1] 458 458 BE
W kers luired an level 1 L1} 1} 1] L] 1} 458 L1} 7B
Waorkers Tired Trom level 1 L] o 1] L] o 1] L] L]
Warkers trained 1o level 2 1} [1} 1] 1] [1] 1] 1} 1}
Overtime hurs L1} 1} 100 L] 1} A58.4 458.45 H36.18
F3 Warkers used on kevel 1 TI5 86 106k 1 [: : ] 643 55 27 173
W kers luired an level 1 (=1 1} B1.5 L] 1} L] L1} L1}
Warkers fired from level 1 1} [1} 1] 1] [1] 43 1} a6
W kers rained 1o level 2 1.1 389 L] 09 45 L] 28 L1}
DOvertime haowrs THE 3856 10007 832.1 8431 550 288.6 1732
110 100 1a [Lii] 100 80 100 E: ]
Worker skill 2
Pl Warkers used on kevel 1 187 [1} 93 1] [1] 1] 1} 1}
Waorkers wed on level 2 373 18.7 187 a3 23 93 53 23
Waorkars hired on Jevels 1 and 2 187 o 93 1] o 1] L] L]
Waorkers fired from levels 1 and 2 (1] 373 L1} 187 a L1} (1] (1]
W kers rained 1o level 3 L1} 1} L] L] 1} L] L1} L1}
Dvertime hours 560 1867 280 433 33 933 913 33
P2 W kers wed on kevel 1 89 89 1] L] 1} L] L1} L1}
Warkers wsed on kevel 2 20 20 20 L] 1] ] 10 0
Warkers hired on Jevels | and 2 99 1] 1.1 1] o 1] L] L]
Workars Tered Trom levels 1 and 2 L] o 1] 20 o 1] L] L]
Workers rained 1o level 3 L1} 1} : L] 1] L] L1} L1}
DOvertime haowrs 2BRE 2BEE 300 L] 100 100 100y L)
F3 Warkers used on kevel 1 187 187 187 187 187 - 96 1}
Waorkers wed on level 2 111 436 438 54.8 57.4 481 B6E 57.1
Waorkars hired on Jevels 1 and 2 187 o 1] 1] o 1] a2 L]
Warkers Tered Trom levels 1 amd 2 L] 1] 1] 1] o 186 L] 153
Warkers trained 1o level 3 1} 65 1] 156 24 1] 94 1}
Overtime haours 2989 6212 6232 7381 FELS 5752 TE1 5713
120 1) 120 a0 i i] 60 100 L]
Waorker skill 3
Pl Waorkers wed on level | 187 1} 93 L] 1] L] L1} L1}
Warkers wsed on level 2 187 o 93 L] 1] L] L1} L1}
Workers wed on kevel 3 30 113 113 2 2 2 2 2
Warkars luired on levels 1-3 373 o 186 L] 1] L] L1} L1}
Warkers fired from levels 1-3 1} 28 1] 1] [1] 1] 1} 1}
Overtime haours 8733 1133 300 20 20 20 20 F.i]
P2 Warkers used on kevel 1 1} 10 1] 1] [1] 1] 1} 1}
Warkers wied on level 2 L] 1] ] 1] o 1] L] L]
Warkers wsed on level 3 3 a0 38 20 20 20 20 20
W kers luired on levels 1-3 L1} 10 1] L] 1} L] L1} L1}
Waorkars Tered Trom levels 1-3 L] o 1] 30 o 1] L] L]
Overtime hours 300 400 S0 200 200 200 200 200
F3 Warkers wsed on kevel 1 L1} 82 82 a2 23 L] 26 L1}
Warkers used om level 2 28 il 68 a3 a3 1] 96 1}
Workers wed on kevel 3 15 15.4 154 38 38.4 251 384 288
Warkars luired on levels 1-3 28 85 i7 15 L1 L] 193 L1}
Warkers fired from levels 1-3 1} [1} 1] 1] [1] 28 1} -]
Dvertime hours 1777 2778 315 5357 5702 1396 57713 148 8
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Enler historical demand values for past pefiods, Then, press Continue ta go to the Input sheet, |

WY s

Sekect the swiches o generate different problem lsvels Mumber of Worlers Hired and Fired
among es i gene em ]
Then, selve the problem. P1<P2<P3
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Step 0. Generate initial population of &N chromosomes
Step 1. Check feasibility and repair the chromosomes that are infeasible
Step 2. Ewaluate the fitness of each chromosome in the population
Step 3. Create new population by the following steps until the new population is complete
Selection: Select two parent chromosomes according to their fitness
Crossover: Crossover the parents to produce new offspring. If no crossover was performed,
then the offspring are copies of the parents.
3.3. Mutation: A gene is randomly selected and a new offspring is produced.
4. Elitism: Select the best chromosome to be a member of the next generation
3.5. Insert new offspring in a new population
Step 4. Check the stopping condition
If the stopping condition is satisfied, then
Stop and return best solution in current population
Else
Go to step 1
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Crossover probability Mutation probability Population size Total cost (%)
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08 .1 50 727,773
0.8 o1 100 731,727
0.8 0.2 30 733,013
0.8 0.2 100 728,701
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Methodology Waorkforce Missed production Total cost Time
cost (5) cost (8] (8) (seconds)
LP relaxation (L) 638,138 1] 658,138 15129
LI relaxation-round up (LPR U} Infeasible 1801.5
LI relaxation-round up® {LPRLU*) 749 841 2562 752 403 1432 18462
LP relaxation-round down (LPRLDY) 9775 1.874,140 2423915 26830 1 8063
LI relaxation-round to closest integer (LPRC) 677,462 383,005 1,060,357 6l.15 1794.0
LPHI1 O, 353 0 B9 355 4490 56324
LPH2 690,355 0 6N, 333 450 6011
Solution space partition [{SSP) approach HR35,644 1] 6R5 644 418 3747206
S5 using LIPHI GEO. 280 713 BHD. 095 4.84 37
S5 using LIPH2 6H9.280 713 BED 995 484 38
Gienetic Algorithm {GA) 684,967 0 6B4 967 4.08 39.461.4
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Parameters

Valuss

MNumber of skills
MNumber of GCA levels
Mumber of periods

Hiring productivity

Azp

GCA level 1
GCA level 2
GOA level 3

Training productivity

L[08, 0.95]
dpg — [y = U]0.1,04])
Az — Az = U[0.1,0.4])

'i'. IF

.".'_'_ — I: .‘..'_'_ b {.-'._“. 1 .“.4: |
day — gy = L]0.1,0.4])
b — (g = L]0.1,0.4])

'i'. g

dan = (dzy o D01 04])
day — gy = U]0LL,0.4])
dap = (haz = U[0LL,0.4])

'ii 1

GOA level 1
GOA Jevel 2
GOA Jevel 3

Worker productivity

U[0.85,0.95

fiz1 — (O = f.-"_ﬂ.l.ﬂ.{i
dyzr — (B = L[LL, 0.4])

For

Bpz — (g2 = U[0.104])
diy — (diu x{.-"_ﬂ.l.ﬂ.{i
dpam — (g3 = U001 04])

L0.9,0.95]
frag — [ = f.-"_ﬂ.l.ﬂ.-'l:i
fraz — (agz = L[01,004])

GCA level 1
GOA level 2
GCA level 3

Hiring costs

L0, 1]
Ta — [rg x U0L10.4])
Ta — (7a = U)0.1,0.4])

By

h

g

L

GOA Jevel |
GOA Jevel 2
GOA Jevel 3

Cross-training costs

U[2035, 3045
by — (hyy = U[01,0.4])
gz — (hys x U[01,0.4])

g+ (= U]0.1,0.4])
hzy — Ry % U]0.1,0.4])
iz — (B = U]01,0.4])

n3le

Ban + ey L[0.1, 0.4])
By — (hyy x U[001,0.4])
Bz — (hyy % U[001,0.4])

Cix3e

GOA level 1
GOA level 2
GCA level 3

Salary

L3 ¥

121 — (az % UJ0.1,0.4]
Oy — (o w0 U[001,0.4)

cpz1 + (egm = U001, 0.4])
c1zn — (e = U0, 04])

Cpm — (g w U001, 0.4])

3 g

Lo, 20)
eny — e x f.-"_f.l.l.f.l.-‘l:i
oz — (g w U0, 0.4])

53 ¥

GOA Jevel |
GOA Jevel 2
GCA level 3

Firing costs

L[ 20000, 3000
Sup — (5 x U001,004])
s1z — sz ow D001,0L4])

e

s+ (fg o= U]0010.4])
s — (5n x U001 0.4])
sz — (g2 o« U]0.1,0.4])

f2e

S21 + (8 = U001, 004])
Sap — (5ay x U001 004])
K1z — I:.T!i " {.-'._‘J.l.“.it:i

fo

GOA level 1

GCA level 2

GOA level 3

Missed production costs
Demand

L3000, 4000

fu = (fun = U]0.1.0.4])
fr — ifiz % U]0.1,0.4])
L/[50, 100

L[5, 000, 20, 000]

fun+ (o= U0, 04])
fa — [ = U]01,0.4])
fax — (for x U[0LL,0.4])

fr+ Gz L0104
far = e U001 0 4]
fir = (faz = U]0.1,0.4])
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LPHI (LP (g 3Luslyl calins 45503 o (5l oSl @y 5l @ B fides 5548 Gl (e L asline WS 5 Jolge
331 a,ke LP osb (g 3laslT 3Lass) mols s J> GA 5 LPH2

LPRU .\
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T Lamece LF LPRL" LR LPRC LFHI LIFH2 A

Total cost (3) Total cost (%) % Total cost (%) % Total eost (%) % Total cost (%) % Total ot () % Total cost (%) %
1 9,219,895 10,624,736 1524 10,755,0°%) Thbl 9,649 573 4.86 9409456 20 9395919 192 9,331,531 1.21
2 4 456,119 4,791,750 681 12143313 TS 5,920,756 3198 4572483 1483 45011495 187 4528 Ka5 45
3 691867 7,546,350 908 1148675 658 L6TRI2 1097 7,239,339 463 7,211 644 423 121085 293
d 4342797 5808273 3375 571,118 31 5055942 1603 4415604 168 4408102 133 4395992 122
5 &,1 57, Ml 7,521 400 2215 7,381,563 1988 6,534,086 1.2 &.216232 095 6,212544 090 6,195462 LX)
& 3,129,543 348374 11.31 9750818 2115 43754968 3991 3,241,544 358 3212 301 3206950 246
7 4,419,779 4,598,775 405 1339 800 311 4,922,638 1228 4,511,050 207 4497620 176 4472482 1.16
] 5638475 6228333 1046 9,181,700 6248 6,933,494 2297 5749957 1895 5740968 182 5704768 1.8
9 5,537,585 6,211,293 1217 10,222 56l Bd6l 6,552 800 1833 5,739,262 3n4 571,353 312 5655931 19
1 2AR3 187 2687520 523 7,460,353 NHk4d 4,395,643 7714 2,503,198 081 249 662 a2 2.49%.,19% .52
Average 5,233,408 595024 13.32 9,74 83 1i6?  62350M7 24.53  5,3549.551 233 5340555 208 5311105 144
Mmamumn 2ARZ 187 2,687,526 403 571,118 Tabl 43754968 466 25013, 198 (B 2498 662 62 244919 052
Maxnmum 9219, 895 10,624,736 3375 13349500 211,54 9,649,873 714 9404 486 463 9398919 423 933153 293
Average 192 B0 223 K06 1. LR 1™ .33 1787 14.98 BR Ha 5926 648 .26
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clear

tic

M = 10000;

m = 24;

n = 2160;

b = zeros(n,1);

beq = zeros(240,1);
jMax = 3;

pMax = 3;

tMax = 8;

xMax = 3;

kMax = jMax;

yMax = xMax;

S = jMax;

sizeW = [jMax,pMax,tMax, xMax];

num

siz
num

elW = prod(sizeW);

eY = [kMax, jMax,pMax,tMax,yMax,b xMax];
elY = prod(sizeY);

sizeD = [jMax,tMax];

numelD = prod(sizeD);

C = zeros(jMax,pMax,tMax);

0 = zeros(tMax, xMax) ;

R = zeros(jMax,pMax,tMax, xMax);
D = zeros(jMax,tMax);

ws = randi(2, jMax,xMax)-1;

ss = randi (2, jMax,xMax) -1;

h = rand(jMax,pMax,tMax);

f = h; \'A%
so = h;
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22

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

tr = Mxones(S, jMax,pMax, tMax) ;

tr(1,2,:,:) =[10 10 10 10 10 10 10 10 ;...
12 12 12 12 12 12 12 12 ;...
15 15 15 15 15 15 15 15];

tr(2,3,:,:) =[ 10 10 10 10 10 10 10 10 ;...
12 12 12 12 12 12 12 12 ;...
15 15 15 15 15 15 15 15];

D=[3200 1600 3200 2240 2080 3200 2080 3200 ;...
3520 3200 3520 3200 3200 2560 3200 2560 ;...
3840 2880 3840 2880 3200 1920 3200 1920];

Ajt=[40 40 40 40 40 40 40 40 ;...
40 40 40 40 40 40 40 40 ;...
40 40 40 40 40 40 40 40];

AOTjt=[10 10 10 10 10 10 10 10 ;...
10 10 10 10 10 10 10 10 ;...
10 10 10 10 10 10 10 10];

h(1,:,:)=[400 400 400 400 400 400 400 400;425 425 425 425
425 425 425 425;450 450 450 450 450 450 450 450];

h(2,:,:)=[475 475 475 475 475 475 475 475;500 500 500 500
500 500 500 500;510 510 510 510 510 510 510 510];

h(3,:,:)=[520 520 520 520 520 520 520 520;550 550 550 550
550 550 550 550;560 560 560 560 560 560 560 560];

M = 10000;

f(1,:,:)=[500 500 500 500 500 500 500 500;...
525 525 525 525 525 525 525 525; ...
5560 550 550 550 550 550 550 550];
f(2,:,:)=[5675 575 575 575 575 575 575 B575; ...
600 600 600 600 600 600 600 600;...
625 625 625 625 625 625 625 625];
£(3,:,:)=[ 650 650 650 650 650 650 650 650;...
675 675 675 675 675 675 675 675; ...
700 700 700 700 700 700 700 700];

so(1,:,:)=[ 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5;...
19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 ;...
20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5];
S0(2,:,:)=[ 21.5 21.5 21.5 21.5 21.5 21.5 21.5 21.5;...
22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 ;...
23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5];
S0(3,:,:)=[ 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5;...
25.5 25.5 256.5 25.5 25.5 25.5 25.5 25.5; ...
26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5];
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
31

c(1,:,:)=[70 75 70 80 70 80 70 80;...

75 75 75 70 75 85 75 85;...

80 85 80 80 80 80 80 80];
c(2,:,:)=[ 80 80 80 80 85 80 85 80;...
85 85 85 85 85 85 85 85;...

90 90 90 95 90 90 90 90];
C(3,:,:)=[90 90 90 90 90 90 90 90;

95 95 95 95 95 95 95 95; ...
100 100 100 100 100 100 100 100];

0=[100 100 90 100 80 90 80 90 ;...
90 100 90 100 100 100 100 100 ;...
100 100 90 100 100 100 100 100];

R(1,1,:,:)=[70 70 70 70 70 70 70 70 ; 0 0 0O 0O 0O 0O 0O ; OO
00O0O0O0O0]"';

R(1,2,:,:)=[ 75 75 756 756 756 76 76 76 ; 0 0 0 0 0 0 0 O ; O
000O0OO0DO0]";

R(1,3,:,:)=[ 80 80 80 80 80 80 80 80 ; 00O OO OOOO ;O
000O0O0O0O0]";

R(2,1,:,:)=[70 70 70 70 70 70 70 70 ; 75 75 75 75 75 75 75
76 ; 0000 O0O0O0 O0]"';

R(2,2,:,:)=[ 76 756 756 75 756 75 75 75 ; 80 80 80 80 80 80 80
80 ; 000 0O0O0O0O0]";

R(2,3,:,:)=[80 80 80 80 80 80 80 80 ; 85 85 85 85 85 85 85
86 ; 0000 O0O0O0 O0]";

R(3,1,:,:)=[80 80 80 80 80 80 80 80 ; 85 85 85 85 85 85 85
85 ; 90 90 90 90 90 90 90 90]';

R(3,2,:,:)=[85 85 85 85 85 85 85 85 ; 90 90 90 90 90 90 90
90 ; 95 95 95 95 95 95 95 95]';

R(3,3,:,:)=[ 90 90 90 90 90 90 90 90 ;95 95 95 95 95 95 95

95 ; 100 100 100 100 100 100 100 100]';
F = zeros(3240,1);

rowNo

I
'_\
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17
18
19
20
21

for j=1:jMax
for t=1:tMax
for p=1:pMax

for x = 1:xMax
r = sub2ind(sizeW,j,p,t,x);
indW = r;
indH = r+numelW;
indlL = r+2*numelW;
indOT = r+3*numelW;
indZ= r+4*numelW;
indU = r+b5*%numelW;

indY= r+6*numelW;
Aeq(rowNo, indW) =1;

Aeq(rowNo, indQT) = 1;

end
end
rowNo = rowNo + 1;
beq(rowNo)= D(j,t);

end
end
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28
29
30
31
32
33
34
35
36
37
38
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40
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42
43
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45
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48

for j=1:jMax
for t=1:tMax
for p=1:pMax

for x = 1:xMax
if t==
rowNo = rowNo+1;
continue
end

r = sub2ind(sizeW,j,p,t-1,x);
indWjpt_1x = r;

Aeq(rowNo, indWjpt_1x) = 1;

r = sub2ind(sizeW,j,p,t,x);
indWjptx = r;

Aeq(rowNo, indWjptx) = -1;

indH = r+numelW;
Aeq(rowNo, indH)

1;

indL = r+2*numelW
Aeq(rowNo, indL)

[

Il
|
—_

if §>=2 && x>=2
r = [1;
for k=j-1:]
for y=x-1:x
r = [r sub2ind(sizeY,k,j,p,t,y,
x)];
end
end
indY = r+6*numelW;
Aeq(rowNo, indY) = 1;
end

if j>=2 && x>=2
r = [];
for k=j+1: jMax
for y=x-1:yMax
r = [r sub2ind(sizeY,k,j,p,t,y,
x)];
end
end
indY = r+6*numelW;
Aeq(rowNo, indY) = -1;
end
rowNo = rowNo + 1;
end
end
end A
end
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rowNo =
for j=1:
for

end
end

jMax

t=1:tMax

for p=1:
for

end
end

pMax
x =
r
indW

1:xMax
sub2ind (sizeW,j,p,t,x);
= r;

indOT = r+3*xnumelW;
A(rowNo, indW) = -1;
A(rowNo, indQT) = 1;
rowNo = rowNo + 1;
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for j=1:jMax
for t=1:tMax

for p=1:pMax

for x =

end
end
end
end

1:xMax
if t>1
r = sub2ind(sizeW,j,p,t-1,x);
indWjpt_1x = r;
A(rowNo, indWjpt_1x) = -1;
r =sub2ind(sizeW,j,p,t,x);

indL = r+2*numelW;
A(rowNo, indL) = 1;

r = [1;
for k=1:S
if k>j
for y=1:xMax
[r sub2ind(sizeY,k,j,p,
t,y,x)];

r:

end
end
end
indY = r+6*xnumelW;
A(rowNo, indY)=1;
end

rowNo = rowNo + 1;
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for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax
x = 1:xMax
r = sub2ind(sizeW,j,p,t,x);

indL=r+2*numelW;
A(rowNo,indL)=1;
b(rowNo) Mxws (j,x);
rowNo rowNo + 1;

MATLAB uS & 503 :A-0 S

for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax
X
r sub2ind (sizeW,j,p,t,x);
indH=r+numelW;

A(rowNo, indH) =1;

b(rowNo) M*xws (j,x);

rowNo rowNo + 1;

1:xMax
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for j=1:jMax
for t=1:tMax
for p=1:pMax
for x =
for

end
end
end
end
end

1:xMax
k=1:kMax
for y=1:yMax

r = sub2ind(sizeY,k,j,p,t,y,%x);
indY = r+6*xnumelW;
A(rowNo,indY)=1;

b(rowNo) = M*xws(k,y);

rowNo = rowNo + 1;

end

MATLAB S & 505 :\+=0 4

for j=1:jMax
for t=1:tMax
for p=1:pMax
for x =
for

end
end
end
end
end

1:xMax
k=1:kMax
for y=1:yMax

r = sub2ind(sizeY,k,j,p,t,y,x);
indY = r+6*numelW;

A(rowNo, indY)=1;

b(rowNo) = M*xws(j,x);

rowNo = rowNo + 1;

end

MATLAB a5 4505 :VV-0 K5

AO




O 0 9 O L AW N~

e e e e e
0 N N L AW N = O

for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax
X
for

end

1:xMax
k=1:kMax
for y=1:yMax

r = sub2ind(sizeY,k,j,p,t,y,%x);
indY = r+6*xnumelW;

A(rowNo, indY)=1;

b(rowNo) = Mxss(k,j);

rowNo = rowNo + 1;

end
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for j=1:jMax
for t=1:tMax
for p=1:pMax
for x
for

end
end
end
end
end

1:xMax
y=1:xMax
if t>1

r =s

indZ

A(rowNo, indZ)

r=
for

end

indY

A(ro
end
rowNo

ub2ind (sizeW,j,p,t,x);

r+4*xnumelW;
_M;

[1;
k=1:8S

[r sub2ind(sizeY,k,j,p,t,y,
x)];

r

r+6*xnumelW;
wNo ,indY)=1;

rowNo + 1;
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for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax
x = 1:xMax
r = sub2ind(sizeW,j,p,t,x);

indL=r+2*numelW;
A(rowNo, indL)=1;

indZ= r+4*numelW;

A(rowNo, indZ) = M;
b(rowNo) = M;
rowNo = rowNo + 1;
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for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax

x = 1:xMax

if t>1
r =sub2ind(sizeW,j,p,t,x);
indU = r+b*numelW;
A(rowNo, indU) = -M;
indH = r+l*numelW;
A(rowNo, indH)=1;

end

rowNo = rowNo + 1;
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for j=1:jMax
for t=1:tMax
for p=1:
for

end
end
end
end

pMax
x = 1:xMax
r = sub2ind(sizeW,j,p,t,x);

indL=r+2*numelW;
A(rowNo,indL)=1;

indU= r+5*numelW;

A(rowNo, indU) = M;
b(rowNo) = M;
rowNo = rowNo + 1;
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figure (1), spy(Ad)
figure(2), imagesc(A)

LB = zeros(size(A,2),1);
UB = ones(size(A,2),1) .xInf;

indH = r+numelW;
indlL = r+2*numelW;
ind0T = r+3*numelW;
indZ= r+4*xnumelW;
indU = r+b5*numelW;

indY= r+6*numelW;

F(indH+1:indL) = [h(:); h(:); h(:) 1;
F(indL+1:ind0T) = [ £(:) ; £(:) ; £(:) 1+
F(ind0T+1:indZ) = [so(:); so(:); so(:)];
F(indY+1:end) = repmat( tr(:),8,1);

intCon = [indZ:indY-1]"';

x = intlinprog(F,intCon,A,b,Aeq,beq,LB,UB)
toc

1;
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