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Figura 1. Red representativa del modelo de Planeación
Agregada Multietapa, Multifuente con escasez
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ESTADO  M 

PERIOD

d1 dt d3 d2 dT 

1 2 3 T t 

ETAPA 2 
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ETAPA 1 

ETAPA M 
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TABLA V. FORMULACIÓN

Sujeto a: 
1X111+1X121+1X131-1X211-1X221-1I11=0 
1X112+1X122+1X132-1X212-1X222+1I11-1I12=0 
1X113+1X123+1X133-1X213-1X223+1I12-1I13=0 
1X114+1X124+1X134-1X214-1X224+1I13-1I14=0 
1X211+1X221-1X311-1X321-1X331-1I21=0 
1X212+1X222-1X312-1X322-1X332+1I21-1I22=0 
1X213+1X223-1X313-1X323-1X333+1I22-1I23=0 
1X214+1X224-1X314-1X324-1X334+1I23-1I24=0 
1X311+1X321+1X331-1X411-1X421-1X431-1X441-1I31=0 
1X312+1X322+1X332-1X412-1X422-1X432-1X442+1I31-1I32=0 
1X313+1X323+1X333-1X413-1X423-1X433-1X443+1I32-1I33=0 
1X314+1X324+1X334-1X414-1X424-1X434-1X444+1I33-1I34=0 
1X411+1X421+1X431+1X441-1I+41+1I-41=49500 
1X412+1X422+1X432+1X44
1X413+1X423+1X433+1X44
1X414+1X424+1X434+1X44
1X111-39952Y111<=0 
1X121-50510Y121<=0 
1X131-112537.6Y131<=0 
1X112-40592Y112<=0 
1X122-51310Y122<=0 
1X132-114329.6Y132<=0 
1X113-45712Y113<=0 
1X123-57710Y123<=0 
1X133-128665.6Y133<=0 
1X114-39952Y114<=0 
1X124-50510Y124<=0 
1X134-112537.6Y134<=0 
1X211-165782.4Y211<=0 
1X221-171670.4Y221<=0 
1X212-168470.4Y212<=0 
1X222-174486.4Y222<=0 
etc..... 

 

Min F= 
25X111+28X121+30X131+28X112+30X122+32X132+30X113+30X123+...etc. 
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TABLA I. DATOS DE COSTOS Y DEMANDAS

ETAPA 
Y 

ESTADO 

FUENTE 
POR 

ETAPA 

COSTO UNITARIO 
POR PERÍODO 

COSTO DE 
PREPARACIÓN 
“SETUP COST” 

COSTO DE 
MANTENER 

“HOLDING COST” 
I j T1 T2 T3 T4  ESTADO “i” 

1 25 28 30 28 25000 
2 28 30 30 32 24000 

 
1 

3 30 32 34 32 20000 
2 

1 45 46 44 48 24000 
2 

2 48 50 49 50 22000 
3 

1 12 15 18 19 12000 
2 14 16 18 20 10000 

 
3 

3 13 16 20 22 12000 
4 

1 24 29 24 28 23000 
2 24 29 24 27 25000 
3 26 30 27 25 23000 

4 

4 28 33 27 25 22000 

5 

Demanda 
Trimestral 

Costo de Escasez por unidad 
pendiente = 4 

T1 T2 T3 T4  

Inventario Inicial 
= 1000 
Inventario Final 
= 1000 50500 65500 82000 

 
92000 Unidades/trimestre 
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TABLA II. DATOS DE CAPACIDAD POR TIPO DE FUENTE

ETAPA 
Y 

ESTADO 

FUENTE 
POR 

ETAPA 

I j 

NÚMERO DE 
MÁQUINAS 

DISPONIBLES POR 
TIPO DE FUENTE 

 

TASA DE 
PRODUCCIÓN 

UNIDADES POR 
HORA 

PERDIDAS DE TIEMPO 
POR MANTENIMIENTO 

POR UNIDAD DE MÁQUINA 
EN HORAS/MES 

1 5 20 12.2 
2 5 25 10.3 

 
1 

3 10 28 11.2 
1 12 35 14.2 2 
2 11 40 16.1 
1 4 25 12.2 
2 5 28 12.5 

 
3 

3 11 30 13.5 
1 3 24 12.5 
2 4 25 11.2 
3 5 28 10.3 

4 

4 6 30 11.4 

DÍAS HÁBILES CAPACIDAD DISPONIBLE 
 

ET
AP

A FUENTE 
POR 

ETAPA 
 

T1 T2 T3 T4 

N. 
DE 

TUR. 

H. 
TUR. 

N. 
DE 
M. 

PERD. 
DE 

TIEM. T1 T2 T3 T4 

1 67 68 76 67 1 8 5 12.2* 1997. 2029. 2285. 1997.
2 67 68 76 67 1 8 5 10.3* 2020. 2052. 2308. 2020.1 
3 67 68 76 67 1 8 10 11.2* 4019. 4083. 4595. 4019.
1 67 68 76 67 1 8 12 14.2* 4736. 4813. 5427. 4736.2 
2 67 68 76 67 1 8 11 16.1* 4291. 4362. 4925. 4291.
1 67 68 76 67 1 8 4 12.2* 1598. 1623. 1828. 1598.
2 67 68 76 67 1 8 5 12.5* 1994 2026 2282 1994 3 
3 67 68 76 67 1 8 11 13.5* 4360. 4430. 4994 4360.
1 67 68 76 67 1 8 3 12.5* 1196. 1215. 1369. 1196.
2 67 68 76 67 1 8 4 11.2* 1607. 1633. 1838. 1607.
3 67 68 76 67 1 8 5 10.3* 2020. 2052. 2308. 2020.

4 

4 67 68 76 67 1 8 6 11.4* 2408. 2447. 2754. 2408.

TABLA III. CÁLCULO DE CAPACIDADES

i j T1 T2 T3 T4 
1 39952 40592 45712 39952 
2 50510 51310 57710 50510 1 
3 112537.6 114329.6 128665.6 112537.6 
1 165782.4 168470.4 189974.4 165782.4 2 
2 171670.4 174486.4 197014.4 171670.4 
1 39952 40592 45712 39952 
2 55832 56728 63896 55832 3 
3 130812 132924 149820 130812 
1 28713.6 29174.4 32860.8 28713.6 
2 40192 40832 45952 40192 
3 56571.2 57467.2 64635.2 56571.2 

4 

4 72259.2 73411.2 82627.2 72259.2 

TABLA IV. CAPACIDADES EXPRESADAS EN UNIDADES DE PRODUCTO
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  Decision Solution 
Unit Cost 
or Total Reduced Basis   Decision Solution Unit Cost or 

  Variable Value 
Profit 
C(j) Contribution Cost Status   Variable Value Profit C(j) 

1 X111 39.952,00 25 998.800,00 0 basic 60 I34 0 4 

2 X121 50.510,00 28 1.414.280,00 1 
at 
bound 61 I+41 68.688,00 5 

3 X131 27.726,00 30 831.780,00 3 
at 
bound 62 I+42 3.188,00 5 

4 X112 40.592,00 28 1.136.576,00 0 basic 63 I+43 0 5 

5 X122 0 30 0 2 
at 
bound 64 I+44 1.000,00 5 

6 X132 0 32 0 4 
at 
bound 65 I-41 0 3 

7 X113 45.712,00 30 1.371.360,00 0 basic 66 I-42 0 3 

8 X123 45.556,00 30 1.366.680,00 0 basic 67 I-43 0 3 

9 X133 0 34 0 4 
at 
bound 68 I-44 0 3 

10 X114 39.952,00 28 1.118.656,00 0 basic 69 Y111 1 25.000,00 

11 X124 0 32 0 3 
at 
bound 70 Y121 1 24.000,00 

12 X134 0 32 0 3 
at 
bound 71 Y131 1 20.000,00 

13 X211 118.188,00 45 5.318.460,00 0 basic 72 Y112 1 25.000,00 

14 X221 0 48 0 3 
at 
bound 73 Y122 0 24.000,00 

15 X212 0 46 0 0 basic 74 Y132 0 20.000,00 

16 X222 0 50 0 4 
at 
bound 75 Y113 1 25.000,00 

17 X213 131.860,00 44 5.801.840,00 0 basic 76 Y123 1 24.000,00 

18 X223 0 49 0 5 
at 
bound 77 Y133 0 20.000,00 

19 X214 39.952,00 48 1.917.696,00 0 basic 78 Y114 1 25.000,00 

20 X224 0 50 0 2 
at 
bound 79 Y124 0 24.000,00 

21 X311 39.952,00 12 479.424,00 0 basic 80 Y134 0 20.000,00 

22 X321 0 14 0 1 
at 
bound 81 Y211 1 24.000,00 

23 X331 78.236,00 13 1.017.068,00 0 basic 82 Y221 0 22.000,00 

24 X312 0 15 0 0 basic 83 Y212 0 24.000,00 

25 X322 0 16 0 1 
at 
bound 84 Y222 0 22.000,00 

26 X332 0 16 0 1 
at 
bound 85 Y213 1 24.000,00 

27 X313 45.712,00 18 822.816,00 0 basic 86 Y223 0 22.000,00 

28 X323 63.896,00 18 1.150.128,00 0 basic 87 Y214 1 24.000,00 

29 X333 0 20 0 1 
at 
bound 88 Y224 0 22.000,00 

30 X314 39.952,00 19 759.088,00 0 basic 89 Y311 1 12.000,00 

31 X324 22.252,00 20 445.040,00 0 basic 90 Y321 0 10.000,00 

32 X334 0 22 0 2 
at 
bound 91 Y331 1 12.000,00 

33 X411 28.713,00 24 689.112,00 24 
at 
bound 92 Y312 0 12.000,00 

34 X421 40.192,00 24 964.608,00 2 
at 
bound 93 Y322 0 10.000,00 

35 X431 49.283,00 26 1.281.358,00 4 
at 
bound 94 Y332 0 12.000,00 

36 X441 0 28 0 6 
at 
bound 95 Y313 1 12.000,00 

37 X412 0 29 0 6 
at 
bound 96 Y323 1 10.000,00 

38 X422 0 29 0 6 
at 
bound 97 Y333 0 12.000,00 

39 X432 0 30 0 7 
at 
bound 98 Y314 1 12.000,00 

40 X442 0 33 0 10 
at 
bound 99 Y324 1 10.000,00 

41 X413 32.860,00 24 788.640,00 0 basic 100 Y334 0 12.000,00 

42 X423 45.952,00 24 1.102.848,00 0 basic 101 Y411 1 23.000,00 

43 X433 0 27 0 3 
at 
bound 102 Y421 1 25.000,00 

44 X443 0 27 0 3 
at 
bound 103 Y431 1 23.000,00 

45 X414 0 28 0 3 
at 
bound 104 Y441 0 22.000,00 

46 X424 0 27 0 2 
at 
bound 105 Y412 0 23.000,00 

47 X434 56.571,00 25 1.414.275,00 0 basic 106 Y422 0 25.000,00 

Total Reduced Basis 

Contribution Cost Status 

0 4 
at 
bound 

343.440,00 0 basic 

15.940,00 0 basic 

0 0 
at 
bound 

5.000,00 5 
at 
bound 

0 8 
at 
bound 

0 8 
at 
bound 

0 8 
at 
bound 

0 3 
at 
bound 

25.000,00 0 basic 

24.000,00 24.000,00 
at 
bound 

20.000,00 20.000,00 
at 
bound 

25.000,00 25.000,00 
at 
bound 

0 24.000,00 
at 
bound 

0 20.000,00 
at 
bound 

25.000,00 25.000,00 
at 
bound 

24.000,00 24.000,00 
at 
bound 

0 20.000,00 
at 
bound 

25.000,00 0 basic 

0 24.000,00 
at 
bound 

0 20.000,00 
at 
bound 

24.000,00 24.000,00 
at 
bound 

0 22.000,00 
at 
bound 

0 24.000,00 
at 
bound 

0 22.000,00 
at 
bound 

24.000,00 24.000,00 
at 
bound 

0 22.000,00 
at 
bound 

24.000,00 24.000,00 
at 
bound 

0 22.000,00 
at 
bound 

12.000,00 0 basic 

0 10.000,00 
at 
bound 

12.000,00 12.000,00 
at 
bound 

0 12.000,00 
at 
bound 

0 10.000,00 
at 
bound 

0 12.000,00 
at 
bound 

12.000,00 0 basic 

10.000,00 0 basic 

0 12.000,00 
at 
bound 

12.000,00 0 basic 

10.000,00 10.000,00 
at 
bound 

0 12.000,00 
at 
bound 

23.000,00 23.000,00 
at 
bound 

25.000,00 25.000,00 
at 
bound 

23.000,00 23.000,00 
at 
bound 

0 22.000,00 
at 
bound 

0 23.000,00 
at 
bound 

0 25.000,00 
at 
bound 

TABLA IV. SOLUCIÓN CASO DE ESTUDIO
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  Decision Solution 
Unit Cost 
or Total Reduced Basis   Decision Solution Unit Cost or 

  Variable Value 
Profit 
C(j) Contribution Cost Status   Variable Value Profit C(j) 

48 X444 36.429,00 25 910.725,00 0 basic 107 Y432 0 23.000,00 

49 I11 0 2 0 1 
at 
bound 108 Y442 0 22.000,00 

50 I12 40.592,00 2 81.184,00 0 basic 109 Y413 1 23.000,00 

51 I13 0 2 0 3 
at 
bound 110 Y423 1 25.000,00 

52 I14 0 2 0 2 
at 
bound 111 Y433 0 23.000,00 

53 I21 0 3 0 1 
at 
bound 112 Y443 0 22.000,00 

54 I22 0 3 0 3 
at 
bound 113 Y414 0 23.000,00 

55 I23 22.252,00 3 66.756,00 0 basic 114 Y424 0 25.000,00 

56 I24 0 3 0 3 
at 
bound 115 Y434 1 23.000,00 

57 I31 0 4 0 0 basic 116 Y444 1 22.000,00 

58 I32 0 4 0 0 basic         

59 I33 30.796,00 4 123.184,00 0 basic   Objective Function (Min.) = 

Total Reduced Basis 

Contribution Cost Status 

0 23.000,00 
at 
bound 

0 22.000,00 
at 
bound 

23.000,00 23.000,00 
at 
bound 

25.000,00 25.000,00 
at 
bound 

0 23.000,00 
at 
bound 

0 22.000,00 
at 
bound 

0 23.000,00 
at 
bound 

0 25.000,00 
at 
bound 

23.000,00 23.000,00 
at 
bound 

22.000,00 22.000,00 
at 
bound 

      

34.208.760,00     


