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This paper presents a methodology to optimize production rate and 

focuses on an optimal buffer storage sizing for this purpose. Buffer 

storages are intermediate semi complete components which their 

capacity is an important factor in design of production lines and 

impact on the production line. This methodology with eliminating of 

some simpler assumptions, assumes that the arrival rate of parts to 

production (or assembly) line, service times of the stations, time 

between failures of machines and repair time of failed machines are 

non deterministic and  generally distributed (not just exponential). 

To optimize the buffer capacities, we consider production line as a 

queuing network and we use response surface methodology, 

simulation, genetic algorithm and multi objective decision making. 
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Analysis of Variance for Response 

R-Sq = 95.58%  R-Sq(pred) = 87.48%  R-Sq(adj) = 92.83% 

 

 

Analysis of Variance for Response 

 

Source           DF     Seq SS     Adj SS    Adj MS       F      P 

Regression       65  223853164  223853164   3443895   34.64  0.000 

Linear         10  156485817  156485817  15648582  157.39  0.000 

Square         10   39751531   39751531   3975153   39.98  0.000 

Interaction    45   27615817   27615817    613685    6.17  0.000 

Residual Error  104   10340313   10340313     99426 

Lack-of-Fit    95   10340313   10340313    108845       *      * 

Pure Error      9          0          0         0 

Total           169  234193477 
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tP-Value

Term         Coef  SE Coef        T      P Term         Coef  SE Coef        T      P 

Constant  5542.00    99.71   55.580  0.000 B*F        -27.22    55.74   -0.488  0.626 

A          416.28    39.41   10.562  0.000 B*G        -13.97    55.74   -0.251  0.803 

B          195.61    39.41    4.963  0.000 B*H         54.63    78.83    0.693  0.490 

C          967.25    39.41   24.540  0.000 B*J        123.00    78.83    1.560  0.122 

D          123.33    39.41    3.129  0.002 B*K        135.22    55.74    2.426  0.017 

E           93.41    39.41    2.370  0.020 C*D       -120.06    78.83   -1.523  0.131 

F           51.52    39.41    1.307  0.194 C*E        -95.00    55.74   -1.704  0.091 

G           83.72    39.41    2.124  0.036 C*F        -31.62    78.83   -0.401  0.689 

H          685.22    39.41   17.385  0.000 C*G        -14.03    55.74   -0.252  0.802 

J          526.08    39.41   13.347  0.000 C*H        418.00    78.83    5.303  0.000 

K          719.78    39.41   18.262  0.000 C*J        329.66    55.74    5.914  0.000 

A*A       -307.91    62.63   -4.916  0.000 C*K        477.81    78.83    6.061  0.000 

B*B       -154.85    62.63   -2.472  0.015 D*E        -14.16    55.74   -0.254  0.800 

C*C       -801.95    62.63  -12.804  0.000 D*F        -24.87    55.74   -0.446  0.656 

D*D        -46.01    62.63   -0.735  0.464 D*G         -6.75    78.83   -0.086  0.932 

E*E          2.87    62.63    0.046  0.964 D*H         47.50    55.74    0.852  0.396 

F*F         40.99    62.63    0.655  0.514 D*J        114.75    78.83    1.456  0.148 

G*G        -60.10    62.63   -0.960  0.339 D*K         17.06    78.83    0.216  0.829 

H*H       -377.23    62.63   -6.023  0.000 E*F        -35.37    78.83   -0.449  0.655 

J*J       -479.76    62.63   -7.660  0.000 E*G        -36.06    78.83   -0.457  0.648 

K*K       -546.73    62.63   -8.729  0.000 E*H         22.12    78.83    0.281  0.780 

A*B        -62.50    78.83   -0.793  0.430 E*J          3.19    78.83    0.040  0.968 

A*C       -599.13    78.83   -7.600  0.000 E*K         34.91    55.74    0.626  0.533 

A*D        -59.50    78.83   -0.755  0.452 F*G       -100.06    78.83   -1.269  0.207 

A*E          4.50    78.83    0.057  0.955 F*H          6.88    78.83    0.087  0.931 

A*F         33.12    78.83    0.420  0.675 F*J          0.25    55.74    0.004  0.996 

A*G        -21.50    78.83   -0.273  0.786 F*K         88.69    78.83    1.125  0.263 

A*H        250.50    55.74    4.494  0.000 G*H        -51.06    55.74   -0.916  0.362 

A*J         45.69    55.74    0.820  0.414 G*J         -6.44    78.83   -0.082  0.935 

A*K        294.56    55.74    5.284  0.000 G*K         98.56    78.83    1.250  0.214 

B*C       -164.75    78.83   -2.090  0.039 H*J        -79.88    78.83   -1.013  0.313 

B*D       -215.87    78.83   -2.738  0.007 H*K         61.37    78.83    0.779  0.438 

B*E        -28.63    78.83   -0.363  0.717 J*K       -448.63    78.83   -5.691  0.000 
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Max=4455+514/581*X1+194/409*X2+949/54*X3+

151/158*X4+91/5045*X5+41/4144*X6+81/9189*X7

+484/519*X8+454/098*X9+919/981*X10-

109/915*X1
2-145/845*X2

2-801/954*X3
2-

54/0098*X4
2+5/84919*X5

2+50/9955*X6
2-

40/1014*X7
2-199/559*X8

2-599/948*X9
2-

454/959*X10
2-45/4*X1*X2-499/154*X1*X3-

49/4*X1*X4+5/4*X1*X5+11/154*X1*X6-

51/4*X1*X7+540/4*X1*X8+54/4894*X1*X9+

595/445*X1*X10-145/94*X2*X3-514/894*X2*X4-

58/454*X2*X5-59/5189*X2*X6-

11/9488*X2*X7+45/454*X2*X8+151*X2*X9+

114/519*X2*X10-150/041*X3*X4-94*X3*X5-

11/454*X3*X6-

15/0111*X3*X7+518*X3*X8+159/444*X3*X9+

599/811*X3*X10-15/1445*X4*X5-55/894*X4*X6-

4/94*X4*X7+59/4*X4*X8+115/94*X4*X9+19/0454*

X4*X10-14/194*X5*X6-

14/0454*X5*X7+55/154*X5*X8+1/1894*X5*X9+

15/9041*X5*X10- 

*X6*X7+ *X6*X8+ *X6*X9+

*X6*X10- *X7*X8-

*X7*X9+ *X7*X10-

*X8*X9+ *X8*X10-

*X9*X10

1X10X

 
Min=X1+ X2+ X3+ X4+ X5+ X6+ X7+ X8+ 

X9+ X10

-1≤Xi≤1   i=1 to 10

=i

LP-Metric>P
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