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L7 (By Peter Lohmander 2009-10-11)

Stochastic dynamic programming. General theory, application examples, analytical solutions and numerical solutions via computer programming. 

Useful links:

Lohmander, P., Presentation of (stochastic and deterministic) dynamic programming:

http://www.lohmander.com/UPV/Lohmander_UPV_08.ppt
(Pages 3 – 11, 22 - 27)

The presentation covers two sections of the following text:

Lohmander, P., Adaptive Optimization of Forest Management in a Stochastic World, in Weintraub A. et al (Editors), 
Handbook of Operations Research in Natural Resources, Springer, Springer Science, 
International Series in Operations Research and Management Science, New York, USA, pp 525-544, 2007 
http://www.amazon.ca/gp/reader/0387718141/ref=sib_dp_pt/701-0734992-1741115#reader-link
Lohmander, P., Optimal stock and purchase policy with stochastic external deliveries in different markets, 
Presented at the Association of American Foresters Systems Analysis Symposium, 2006 
(Power Point Presentation, http://www.lohmander.com/Vermont2.ppt )
We start with a deterministic dynamic programming model (compare L6). The code is more compact than in L6 

and the output has been designed to give tables that may be directly used in production planning.

! DP_CALC_091009;
! Peter Lohmander;
model:

sets:

time/1..11/:;

stindex/1..5/:stock;

timestock(time,stindex):f,optprod;

prindex/1..6/:prod,cost;

endsets
data:

stock = 0  1  2  3  4;

prod =  0  1  2  3  4  5;

cost =  0 15 17 19 21 23;

enddata
CALC:

TMAX = 11;

imax = 4;

xmax = 5;

h = 1;

d = 3;

@for(stindex(i): f(TMAX,i) = 0);

@for(stindex(i):optprod(TMAX,i) = 0);

t = tmax;

@while(t #GT#1:

t=t-1;

@write(@newline(1), 't = ', t);

@write(@newline(1), 'Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period');

  i = imax+1;

  @while(i #GT#0:

     i = i-1;

     fopt = 9999999;

     xopt = 99;

     x = xmax+1;

     @while(x #GT#0:

            x = x-1;

            prodindex = x+1;

            stocknext = i+x-d;

            indexnext = stocknext+1;

            fev = 9999999;

         @IFC( indexnext#GE#1 #AND# indexnext#LE#5 : 

               fev = cost(prodindex) + h*(i+x-d) + f(t+1,indexnext)

         );

         @IFC( indexnext#GE#1 #AND# indexnext#LE#5 #AND# fev#LT#fopt : 

               xopt = x;

               fopt = fev;

               stocknopt = stocknext;

         );    

         f(t,i+1) = fopt;         

         optprod(t,i+1) = xopt;

  );

@write(@newline(1), (@FORMAT( i, '14.0f')), (@FORMAT(xopt , '21.0f')), 

      (@FORMAT( fopt, '13.0f')), (@FORMAT( stocknopt, '29.0f'))) ;
);

@write(@newline(1));

);

@write(@newline(1));

ENDCALC
end
t = 10

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0            1                            1

             3                    0            0                            0

             2                    1           15                            0

             1                    2           17                            0

             0                    3           19                            0

t = 9

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           18                            1

             3                    0           19                            0

             2                    4           24                            3

             1                    5           26                            3

             0                    3           38                            0

t = 8

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           27                            1

             3                    0           38                            0

             2                    4           43                            3

             1                    5           45                            3

             0                    4           48                            1

t = 7

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           46                            1

             3                    0           48                            0

             2                    5           54                            4

             1                    5           64                            3

             0                    4           67                            1

t = 6

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           65                            1

             3                    0           67                            0

             2                    4           72                            3

             1                    5           74                            3

             0                    5           79                            2

t = 5

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           75                            1

             3                    0           79                            0

             2                    4           91                            3

             1                    5           93                            3

             0                    4           96                            1

t = 4

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0           94                            1

             3                    0           96                            0

             2                    5          102                            4

             1                    5          105                            3

             0                    4          115                            1

t = 3

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0          106                            1

             3                    0          115                            0

             2                    4          120                            3

             1                    5          122                            3

             0                    5          127                            2

t = 2

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0          123                            1

             3                    0          127                            0

             2                    5          133                            4

             1                    5          141                            3

             0                    4          144                            1

t = 1

Entering Stock   Optimal Production   Total Cost   Entering Stock Next Period

             4                    0          142                            1

             3                    0          144                            0

             2                    5          150                            4

             1                    5          153                            3

             0                    5          158                            2

Stochastic dynamic programming in finite time

Here, a stochastic dynamic programming model is presented. 
A similar model with empirical background described in Swedish can be studied here: 

http://www.lohmander.com/LagerB/LagerB.pdf
and here

http://www.lohmander.com/LagerB/LagerB.doc
CASE 0: STANDARD


























































































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CASE 2: Increased slope of the supply function
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














Deterministic dynamic programming in infinite time

We start with a fundamental deterministic dynamic programming problem in infinite time: 
! Dynopt1_080916  ;
! Peter Lohmander ;
min = w1 + w2;

d = .9;

[u11] w1 >= 5 + d*w1;

[u12] w1 >= 0 + d*w2;

[u21] w2 >= 14 + d*w1;

[u22] w2 >= 6 + d*w2;

end
  Global optimal solution found.

  Objective value:                              140.0000

  Infeasibilities:                              0.000000

  Total solver iterations:                             0

                       Variable           Value        Reduced Cost

                             W1        66.31579            0.000000

                             W2        73.68421            0.000000

                              D       0.9000000            0.000000

                            Row    Slack or Surplus      Dual Price

                              1        140.0000           -1.000000

                              2        0.000000           -1400.000

                            U11        1.631579            0.000000

                            U12        0.000000           -10.00000

                            U21        0.000000           -10.00000

                            U22        1.368421            0.000000

Stochastic dynamic programming in infinite time

Power point presentation:
Lohmander, P., Optimal stock and purchase policy with stochastic external deliveries in different markets, 
Presented at Association of American Foresters Systems Analysis Symposium, 2006 
(Power Point Presentation, http://www.lohmander.com/Vermont2.ppt )
Stochastic dynamic programming in infinite time – with a perfect raw material market

                                       060614  1511           P = 330 + 0*u

                                                              (No stock level increase)

! Vermont06_060614;

! Peter Lohmander;

sets:

s_set/1..21/:s,w;

u_set/1..7/:u,c;

b_set/1..7/:dev,pdev;

q_set/1..7/:q, Rev;

su_set(s_set,u_set): prod;

endsets

sumprob = @sum(b_set(i):pdev);

!Parameters;

!**********;

smax = 21;

millcap = 6;

csetup = 0;

margprof = 1000;

mcstock = 2;

p0 = 330;

p1 = 0;

r = .10;

dyear = 1/(1+r);

d = dyear^(1/365);

@FOR( s_set(i): s(i) = i-1 );

@FOR( u_set(i): u(i) = i-1 );

@for(u_set(i): c(i) = (p0+p1*u(i))*u(i));

@FOR( b_set(i): dev(i) = i-4 );

@for( b_set(i):@free(dev(i)));

pdev(1) = 1/64;

pdev(2) = 6/64;

pdev(3) = 15/64;

pdev(4) = 20/64;

pdev(5) = 15/64;

pdev(6) = 6/64;

pdev(7) = 1/64;

@FOR( q_set(i): q(i) = i-1);

@FOR( q_set(i)|q(i)#LT#1 : Rev(i) = 0);

@FOR( q_set(i)|q(i)#GE#1 : Rev(i) = -csetup + margprof*q(i));

obj =  @SUM( s_set(i)|i#LE# (smax-10):w(i));

min = obj;

@FOR( s_set(i): 

  @FOR( u_set(j):

    prod(i,j) = @SMIN( millcap, (s(i)+ u(j)))

));

@FOR( s_set(i): 

  @FOR( u_set(j)| prod(i,j)#LE# millcap #AND# (i+u(j)-prod(i,j))#LE#(smax-10): 

  [w_]   w(i) >= Rev(1+prod(i,j)) - c(j) - mcstock*(s(i)+u(j)-prod(i,j))

             + d*(pdev(1)*w(i+u(j)-prod(i,j) + 0) +

                  pdev(2)*w(i+u(j)-prod(i,j) + 1) +

                  pdev(3)*w(i+u(j)-prod(i,j) + 2) +

                  pdev(4)*w(i+u(j)-prod(i,j) + 3) +

                  pdev(5)*w(i+u(j)-prod(i,j) + 4) +

                  pdev(6)*w(i+u(j)-prod(i,j) + 5) +

                  pdev(7)*w(i+u(j)-prod(i,j) + 6) )

));

@FOR( s_set(i) | i#GT#(smax-10): 

     w(i) = w(smax-10) +

            (i-(smax-10))*(w(smax-10) - w(smax-15))/5 );

@for(s_set(i):@free(w(i)));

end

-------------------------------------------------------------------------------

 Rows=    110 Vars=     22 No. integer vars=      0  ( all are linear)

 Nonzeros=    826 Constraint nonz=   728(    23 are +- 1) Density=0.326

 Smallest and largest elements in abs value=   0.156209E-01    6000.00

 No. < :   0 No. =:  11 No. > :  98, Obj=MIN, GUBs <=   7

 Single cols=    4

 Global optimal solution found at step:           230

 Objective value:                           0.2110841E+09

                       Variable           Value        Reduced Cost

                        SUMPROB        1.000000           0.0000000

                           SMAX        21.00000           0.0000000

                        MILLCAP        6.000000           0.0000000

                         CSETUP       0.0000000           0.0000000

                       MARGPROF        1000.000           0.0000000

                        MCSTOCK        2.000000           0.0000000

                             P0        330.0000           0.0000000

                             P1       0.0000000           0.0000000

                              R       0.1000000           0.0000000

                          DYEAR       0.9090909           0.0000000

                              D       0.9997389           0.0000000

                            OBJ       0.2110841E+09       0.0000000

                          S( 1)       0.0000000           0.0000000

                          S( 2)        1.000000           0.0000000

                          S( 3)        2.000000           0.0000000

                          S( 4)        3.000000           0.0000000

                          S( 5)        4.000000           0.0000000

                          S( 6)        5.000000           0.0000000

                          S( 7)        6.000000           0.0000000

                          S( 8)        7.000000           0.0000000

                          S( 9)        8.000000           0.0000000

                         S( 10)        9.000000           0.0000000

                         S( 11)        10.00000           0.0000000

                         S( 12)        11.00000           0.0000000

                         S( 13)        12.00000           0.0000000

                         S( 14)        13.00000           0.0000000

                         S( 15)        14.00000           0.0000000

                         S( 16)        15.00000           0.0000000

                         S( 17)        16.00000           0.0000000

                         S( 18)        17.00000           0.0000000

                         S( 19)        18.00000           0.0000000

                         S( 20)        19.00000           0.0000000

                         S( 21)        20.00000           0.0000000

                          W( 1)       0.1918782E+08       0.0000000

                          W( 2)       0.1918815E+08       0.0000000

                          W( 3)       0.1918848E+08       0.0000000

                          W( 4)       0.1918881E+08       0.0000000

                          W( 5)       0.1918914E+08       0.0000000

                          W( 6)       0.1918947E+08       0.0000000

                          W( 7)       0.1918980E+08       0.0000000

                          W( 8)       0.1919013E+08       0.0000000

                          W( 9)       0.1919045E+08       0.0000000

                         W( 10)       0.1919078E+08       0.0000000

                         W( 11)       0.1919111E+08       0.0000000

                         W( 12)       0.1919144E+08       0.0000000

                         W( 13)       0.1919176E+08       0.0000000

                         W( 14)       0.1919209E+08       0.0000000

                         W( 15)       0.1919242E+08       0.0000000

                         W( 16)       0.1919275E+08       0.0000000

                         W( 17)       0.1919307E+08       0.0000000

                         W( 18)       0.1919340E+08       0.0000000

                         W( 19)       0.1919373E+08       0.0000000

                         W( 20)       0.1919406E+08       0.0000000

                         W( 21)       0.1919439E+08       0.0000000

                          U( 1)       0.0000000           0.0000000

                          U( 2)        1.000000           0.0000000

                          U( 3)        2.000000           0.0000000

                          U( 4)        3.000000           0.0000000

                          U( 5)        4.000000           0.0000000

                          U( 6)        5.000000           0.0000000

                          U( 7)        6.000000           0.0000000

                          C( 1)       0.0000000           0.0000000

                          C( 2)        330.0000           0.0000000

                          C( 3)        660.0000           0.0000000

                          C( 4)        990.0000           0.0000000

                          C( 5)        1320.000           0.0000000

                          C( 6)        1650.000           0.0000000

                          C( 7)        1980.000           0.0000000

                        DEV( 1)       -3.000000           0.0000000

                        DEV( 2)       -2.000000           0.0000000

                        DEV( 3)       -1.000000           0.0000000

                        DEV( 4)       0.0000000           0.0000000

                        DEV( 5)        1.000000           0.0000000

                        DEV( 6)        2.000000           0.0000000

                        DEV( 7)        3.000000           0.0000000

                       PDEV( 1)       0.1562500E-01       0.0000000

                       PDEV( 2)       0.9375000E-01       0.0000000

                       PDEV( 3)       0.2343750           0.0000000

                       PDEV( 4)       0.3125000           0.0000000

                       PDEV( 5)       0.2343750           0.0000000

                       PDEV( 6)       0.9375000E-01       0.0000000

                       PDEV( 7)       0.1562500E-01       0.0000000

                          Q( 1)       0.0000000           0.0000000

                          Q( 2)        1.000000           0.0000000

                          Q( 3)        2.000000           0.0000000

                          Q( 4)        3.000000           0.0000000

                          Q( 5)        4.000000           0.0000000

                          Q( 6)        5.000000           0.0000000

                          Q( 7)        6.000000           0.0000000

                        REV( 1)       0.0000000           0.0000000

                        REV( 2)        1000.000           0.0000000

                        REV( 3)        2000.000           0.0000000

                        REV( 4)        3000.000           0.0000000

                        REV( 5)        4000.000           0.0000000

                        REV( 6)        5000.000           0.0000000

                        REV( 7)        6000.000           0.0000000

                    PROD( 1, 1)       0.2441406E-03       0.0000000

                    PROD( 1, 2)        1.000000           0.0000000

                    PROD( 1, 3)        2.000000           0.0000000

                    PROD( 1, 4)        3.000000           0.0000000

                    PROD( 1, 5)        4.000000           0.0000000

                    PROD( 1, 6)        5.000000           0.0000000

                    PROD( 1, 7)        6.000000           0.0000000

                    PROD( 2, 1)        1.000000           0.0000000

                    PROD( 2, 2)        2.000000           0.0000000

                    PROD( 2, 3)        3.000000           0.0000000

                    PROD( 2, 4)        4.000000           0.0000000

                    PROD( 2, 5)        5.000000           0.0000000

                    PROD( 2, 6)        6.000000           0.0000000

                    PROD( 2, 7)        6.000000           0.0000000

                    PROD( 3, 1)        2.000000           0.0000000

                    PROD( 3, 2)        3.000000           0.0000000

                    PROD( 3, 3)        4.000000           0.0000000

                    PROD( 3, 4)        5.000000           0.0000000

                    PROD( 3, 5)        6.000000           0.0000000

                    PROD( 3, 6)        6.000000           0.0000000

                    PROD( 3, 7)        6.000000           0.0000000

                    PROD( 4, 1)        3.000000           0.0000000

                    PROD( 4, 2)        4.000000           0.0000000

                    PROD( 4, 3)        5.000000           0.0000000

                    PROD( 4, 4)        6.000000           0.0000000

                    PROD( 4, 5)        6.000000           0.0000000

                    PROD( 4, 6)        6.000000           0.0000000

                    PROD( 4, 7)        6.000000           0.0000000

                    PROD( 5, 1)        4.000000           0.0000000

                    PROD( 5, 2)        5.000000           0.0000000

                    PROD( 5, 3)        6.000000           0.0000000

                    PROD( 5, 4)        6.000000           0.0000000

                    PROD( 5, 5)        6.000000           0.0000000

                    PROD( 5, 6)        6.000000           0.0000000

                    PROD( 5, 7)        6.000000           0.0000000

                    PROD( 6, 1)        5.000000           0.0000000

                    PROD( 6, 2)        6.000000           0.0000000

                    PROD( 6, 3)        6.000000           0.0000000

                    PROD( 6, 4)        6.000000           0.0000000

                    PROD( 6, 5)        6.000000           0.0000000

                    PROD( 6, 6)        6.000000           0.0000000

                    PROD( 6, 7)        6.000000           0.0000000

                    PROD( 7, 1)        6.000000           0.0000000

                    PROD( 7, 2)        6.000000           0.0000000

                    PROD( 7, 3)        6.000000           0.0000000

                    PROD( 7, 4)        6.000000           0.0000000

                    PROD( 7, 5)        6.000000           0.0000000

                    PROD( 7, 6)        6.000000           0.0000000

                    PROD( 7, 7)        6.000000           0.0000000

                    PROD( 8, 1)        6.000000           0.0000000

                    PROD( 8, 2)        6.000000           0.0000000

                    PROD( 8, 3)        6.000000           0.0000000

                    PROD( 8, 4)        6.000000           0.0000000

                    PROD( 8, 5)        6.000000           0.0000000

                    PROD( 8, 6)        6.000000           0.0000000

                    PROD( 8, 7)        6.000000           0.0000000

                    PROD( 9, 1)        6.000000           0.0000000

                    PROD( 9, 2)        6.000000           0.0000000

                    PROD( 9, 3)        6.000000           0.0000000

                    PROD( 9, 4)        6.000000           0.0000000

                    PROD( 9, 5)        6.000000           0.0000000

                    PROD( 9, 6)        6.000000           0.0000000

                    PROD( 9, 7)        6.000000           0.0000000

                   PROD( 10, 1)        6.000000           0.0000000

                   PROD( 10, 2)        6.000000           0.0000000

                   PROD( 10, 3)        6.000000           0.0000000

                   PROD( 10, 4)        6.000000           0.0000000

                   PROD( 10, 5)        6.000000           0.0000000

                   PROD( 10, 6)        6.000000           0.0000000

                   PROD( 10, 7)        6.000000           0.0000000

                   PROD( 11, 1)        6.000000           0.0000000

                   PROD( 11, 2)        6.000000           0.0000000

                   PROD( 11, 3)        6.000000           0.0000000

                   PROD( 11, 4)        6.000000           0.0000000

                   PROD( 11, 5)        6.000000           0.0000000

                   PROD( 11, 6)        6.000000           0.0000000

                   PROD( 11, 7)        6.000000           0.0000000

                   PROD( 12, 1)        6.000000           0.0000000

                   PROD( 12, 2)        6.000000           0.0000000

                   PROD( 12, 3)        6.000000           0.0000000

                   PROD( 12, 4)        6.000000           0.0000000

                   PROD( 12, 5)        6.000000           0.0000000

                   PROD( 12, 6)        6.000000           0.0000000

                   PROD( 12, 7)        6.000000           0.0000000

                   PROD( 13, 1)        6.000000           0.0000000

                   PROD( 13, 2)        6.000000           0.0000000

                   PROD( 13, 3)        6.000000           0.0000000

                   PROD( 13, 4)        6.000000           0.0000000

                   PROD( 13, 5)        6.000000           0.0000000

                   PROD( 13, 6)        6.000000           0.0000000

                   PROD( 13, 7)        6.000000           0.0000000

                   PROD( 14, 1)        6.000000           0.0000000

                   PROD( 14, 2)        6.000000           0.0000000

                   PROD( 14, 3)        6.000000           0.0000000

                   PROD( 14, 4)        6.000000           0.0000000

                   PROD( 14, 5)        6.000000           0.0000000

                   PROD( 14, 6)        6.000000           0.0000000

                   PROD( 14, 7)        6.000000           0.0000000

                   PROD( 15, 1)        6.000000           0.0000000

                   PROD( 15, 2)        6.000000           0.0000000

                   PROD( 15, 3)        6.000000           0.0000000

                   PROD( 15, 4)        6.000000           0.0000000

                   PROD( 15, 5)        6.000000           0.0000000

                   PROD( 15, 6)        6.000000           0.0000000

                   PROD( 15, 7)        6.000000           0.0000000

                   PROD( 16, 1)        6.000000           0.0000000

                   PROD( 16, 2)        6.000000           0.0000000

                   PROD( 16, 3)        6.000000           0.0000000

                   PROD( 16, 4)        6.000000           0.0000000

                   PROD( 16, 5)        6.000000           0.0000000

                   PROD( 16, 6)        6.000000           0.0000000

                   PROD( 16, 7)        6.000000           0.0000000

                   PROD( 17, 1)        6.000000           0.0000000

                   PROD( 17, 2)        6.000000           0.0000000

                   PROD( 17, 3)        6.000000           0.0000000

                   PROD( 17, 4)        6.000000           0.0000000

                   PROD( 17, 5)        6.000000           0.0000000

                   PROD( 17, 6)        6.000000           0.0000000

                   PROD( 17, 7)        6.000000           0.0000000

                   PROD( 18, 1)        6.000000           0.0000000

                   PROD( 18, 2)        6.000000           0.0000000

                   PROD( 18, 3)        6.000000           0.0000000

                   PROD( 18, 4)        6.000000           0.0000000

                   PROD( 18, 5)        6.000000           0.0000000

                   PROD( 18, 6)        6.000000           0.0000000

                   PROD( 18, 7)        6.000000           0.0000000

                   PROD( 19, 1)        6.000000           0.0000000

                   PROD( 19, 2)        6.000000           0.0000000

                   PROD( 19, 3)        6.000000           0.0000000

                   PROD( 19, 4)        6.000000           0.0000000

                   PROD( 19, 5)        6.000000           0.0000000

                   PROD( 19, 6)        6.000000           0.0000000

                   PROD( 19, 7)        6.000000           0.0000000

                   PROD( 20, 1)        6.000000           0.0000000

                   PROD( 20, 2)        6.000000           0.0000000

                   PROD( 20, 3)        6.000000           0.0000000

                   PROD( 20, 4)        6.000000           0.0000000

                   PROD( 20, 5)        6.000000           0.0000000

                   PROD( 20, 6)        6.000000           0.0000000

                   PROD( 20, 7)        6.000000           0.0000000

                   PROD( 21, 1)        6.000000           0.0000000

                   PROD( 21, 2)        6.000000           0.0000000

                   PROD( 21, 3)        6.000000           0.0000000

                   PROD( 21, 4)        6.000000           0.0000000

                   PROD( 21, 5)        6.000000           0.0000000

                   PROD( 21, 6)        6.000000           0.0000000

                   PROD( 21, 7)        6.000000           0.0000000

                            Row    Slack or Surplus      Dual Price

                      W_( 1, 1)        4020.000           0.0000000

                      W_( 1, 2)        3350.000           0.0000000

                      W_( 1, 3)        2680.000           0.0000000

                      W_( 1, 4)        2010.000           0.0000000

                      W_( 1, 5)        1340.000           0.0000000

                      W_( 1, 6)        670.0000           0.0000000

                      W_( 1, 7)       0.0000000           -659.0452

                      W_( 2, 1)        3350.000           0.0000000

                      W_( 2, 2)        2680.000           0.0000000

                      W_( 2, 3)        2010.000           0.0000000

                      W_( 2, 4)        1340.000           0.0000000

                      W_( 2, 5)        670.0000           0.0000000

                      W_( 2, 6)       0.0000000           -3949.298

                      W_( 2, 7)        2.119264           0.0000000

                      W_( 3, 1)        2680.000           0.0000000

                      W_( 3, 2)        2010.000           0.0000000

                      W_( 3, 3)        1340.000           0.0000000

                      W_( 3, 4)        670.0000           0.0000000

                      W_( 3, 5)       0.0000000           -9871.861

                      W_( 3, 6)        2.119264           0.0000000

                      W_( 3, 7)        4.440310           0.0000000

                      W_( 4, 1)        2010.000           0.0000000

                      W_( 4, 2)        1340.000           0.0000000

                      W_( 4, 3)        670.0000           0.0000000

                      W_( 4, 4)       0.0000000           -13162.46

                      W_( 4, 5)        2.119264           0.0000000

                      W_( 4, 6)        4.440310           0.0000000

                      W_( 4, 7)        7.285021           0.0000000

                      W_( 5, 1)        1340.000           0.0000000

                      W_( 5, 2)        670.0000           0.0000000

                      W_( 5, 3)       0.0000000           -9872.659

                      W_( 5, 4)        2.119264           0.0000000

                      W_( 5, 5)        4.440310           0.0000000

                      W_( 5, 6)        7.285021           0.0000000

                      W_( 5, 7)        10.90023           0.0000000

                      W_( 6, 1)        670.0000           0.0000000

                      W_( 6, 2)       0.0000000           -3950.459

                      W_( 6, 3)        2.119264           0.0000000

                      W_( 6, 4)        4.440310           0.0000000

                      W_( 6, 5)        7.285021           0.0000000

                      W_( 6, 6)        10.90023           0.0000000

                      W_( 6, 7)        15.24754           0.0000000

                      W_( 7, 1)       0.0000000           -660.1127

                      W_( 7, 2)        2.119264           0.0000000

                      W_( 7, 3)        4.440310           0.0000000

                      W_( 7, 4)        7.285021           0.0000000

                      W_( 7, 5)        10.90023           0.0000000

                      W_( 7, 6)        15.24754           0.0000000

                      W_( 7, 7)        20.05040           0.0000000

                      W_( 8, 1)       0.0000000           -1.732947

                      W_( 8, 2)        2.321046           0.0000000

                      W_( 8, 3)        5.165756           0.0000000

                      W_( 8, 4)        8.780961           0.0000000

                      W_( 8, 5)        13.12828           0.0000000

                      W_( 8, 6)        17.93113           0.0000000

                      W_( 8, 7)        22.81314           0.0000000

                      W_( 9, 1)       0.0000000           -1.363611

                      W_( 9, 2)        2.844711           0.0000000

                      W_( 9, 3)        6.459915           0.0000000

                      W_( 9, 4)        10.80723           0.0000000

                      W_( 9, 5)        15.61009           0.0000000

                      W_( 9, 6)        20.49210           0.0000000

                      W_( 9, 7)        25.15851           0.0000000

                     W_( 10, 1)       0.0000000           -1.112593

                     W_( 10, 2)        3.615205           0.0000000

                     W_( 10, 3)        7.962521           0.0000000

                     W_( 10, 4)        12.76538           0.0000000

                     W_( 10, 5)        17.64739           0.0000000

                     W_( 10, 6)        22.31380           0.0000000

                     W_( 10, 7)        26.72433           0.0000000

                     W_( 11, 1)       0.0000000           -1.015869

                     W_( 11, 2)        4.347316           0.0000000

                     W_( 11, 3)        9.150171           0.0000000

                     W_( 11, 4)        14.03218           0.0000000

                     W_( 11, 5)        18.69859           0.0000000

                     W_( 11, 6)        23.10912           0.0000000

                     W_( 11, 7)        27.39718           0.0000000

                     W_( 12, 1)        2.167271           0.0000000

                     W_( 12, 2)        6.970125           0.0000000

                     W_( 12, 3)        11.85214           0.0000000

                     W_( 12, 4)        16.51855           0.0000000

                     W_( 12, 5)        20.92908           0.0000000

                     W_( 12, 6)        25.21713           0.0000000

                     W_( 13, 1)        4.790080           0.0000000

                     W_( 13, 2)        9.672092           0.0000000

                     W_( 13, 3)        14.33850           0.0000000

                     W_( 13, 4)        18.74903           0.0000000

                     W_( 13, 5)        23.03709           0.0000000

                     W_( 14, 1)        7.492047           0.0000000

                     W_( 14, 2)        12.15846           0.0000000

                     W_( 14, 3)        16.56899           0.0000000

                     W_( 14, 4)        20.85704           0.0000000

                     W_( 15, 1)        9.978414           0.0000000

                     W_( 15, 2)        14.38894           0.0000000

                     W_( 15, 3)        18.67700           0.0000000

                     W_( 16, 1)        12.20890           0.0000000

                     W_( 16, 2)        16.49695           0.0000000

                     W_( 17, 1)        14.31691           0.0000000
Stochastic dynamic programming in infinite time – with imperfect raw material market

                             060614  1518           P = 300 + 10*u

                                                    (Stock level increase)

! Vermont06_060614;

! Peter Lohmander;

sets:

s_set/1..21/:s,w;

u_set/1..7/:u,c;

b_set/1..7/:dev,pdev;

q_set/1..7/:q, Rev;

su_set(s_set,u_set): prod;

endsets

sumprob = @sum(b_set(i):pdev);

!Parameters;

!**********;

smax = 21;

millcap = 6;

csetup = 0;

margprof = 1000;

mcstock = 2;

p0 = 300;

p1 = 10;

r = .10;

dyear = 1/(1+r);

d = dyear^(1/365);

@FOR( s_set(i): s(i) = i-1 );

@FOR( u_set(i): u(i) = i-1 );

@for(u_set(i): c(i) = (p0+p1*u(i))*u(i));

@FOR( b_set(i): dev(i) = i-4 );

@for( b_set(i):@free(dev(i)));

pdev(1) = 1/64;

pdev(2) = 6/64;

pdev(3) = 15/64;

pdev(4) = 20/64;

pdev(5) = 15/64;

pdev(6) = 6/64;

pdev(7) = 1/64;

@FOR( q_set(i): q(i) = i-1);

@FOR( q_set(i)|q(i)#LT#1 : Rev(i) = 0);

@FOR( q_set(i)|q(i)#GE#1 : Rev(i) = -csetup + margprof*q(i));

obj =  @SUM( s_set(i)|i#LE# (smax-10):w(i));

min = obj;

@FOR( s_set(i): 

  @FOR( u_set(j):

    prod(i,j) = @SMIN( millcap, (s(i)+ u(j)))

));

@FOR( s_set(i): 

  @FOR( u_set(j)| prod(i,j)#LE# millcap #AND# (i+u(j)-prod(i,j))#LE#(smax-10): 

  [w_]   w(i) >= Rev(1+prod(i,j)) - c(j) - mcstock*(s(i)+u(j)-prod(i,j))

             + d*(pdev(1)*w(i+u(j)-prod(i,j) + 0) +

                  pdev(2)*w(i+u(j)-prod(i,j) + 1) +

                  pdev(3)*w(i+u(j)-prod(i,j) + 2) +

                  pdev(4)*w(i+u(j)-prod(i,j) + 3) +

                  pdev(5)*w(i+u(j)-prod(i,j) + 4) +

                  pdev(6)*w(i+u(j)-prod(i,j) + 5) +

                  pdev(7)*w(i+u(j)-prod(i,j) + 6) )

));

@FOR( s_set(i) | i#GT#(smax-10): 

     w(i) = w(smax-10) +

            (i-(smax-10))*(w(smax-10) - w(smax-15))/5 );

@for(s_set(i):@free(w(i)));

end

----------------------------------------------------------------------------------

 Rows=    110 Vars=     22 No. integer vars=      0  ( all are linear)

 Nonzeros=    826 Constraint nonz=   728(    23 are +- 1) Density=0.326

 Smallest and largest elements in abs value=   0.156209E-01    6000.00

 No. < :   0 No. =:  11 No. > :  98, Obj=MIN, GUBs <=   7

 Single cols=    4

 Global optimal solution found at step:           253

 Objective value:                           0.2107713E+09

                       Variable           Value        Reduced Cost

                        SUMPROB        1.000000           0.0000000

                           SMAX        21.00000           0.0000000

                        MILLCAP        6.000000           0.0000000

                         CSETUP       0.0000000           0.0000000

                       MARGPROF        1000.000           0.0000000

                        MCSTOCK        2.000000           0.0000000

                             P0        300.0000           0.0000000

                             P1        10.00000           0.0000000

                              R       0.1000000           0.0000000

                          DYEAR       0.9090909           0.0000000

                              D       0.9997389           0.0000000

                            OBJ       0.2107713E+09       0.0000000

                          S( 1)       0.0000000           0.0000000

                          S( 2)        1.000000           0.0000000

                          S( 3)        2.000000           0.0000000

                          S( 4)        3.000000           0.0000000

                          S( 5)        4.000000           0.0000000

                          S( 6)        5.000000           0.0000000

                          S( 7)        6.000000           0.0000000

                          S( 8)        7.000000           0.0000000

                          S( 9)        8.000000           0.0000000

                         S( 10)        9.000000           0.0000000

                         S( 11)        10.00000           0.0000000

                         S( 12)        11.00000           0.0000000

                         S( 13)        12.00000           0.0000000

                         S( 14)        13.00000           0.0000000

                         S( 15)        14.00000           0.0000000

                         S( 16)        15.00000           0.0000000

                         S( 17)        16.00000           0.0000000

                         S( 18)        17.00000           0.0000000

                         S( 19)        18.00000           0.0000000

                         S( 20)        19.00000           0.0000000

                         S( 21)        20.00000           0.0000000

                          W( 1)       0.1915916E+08       0.0000000

                          W( 2)       0.1915957E+08       0.0000000

                          W( 3)       0.1915996E+08       0.0000000

                          W( 4)       0.1916033E+08       0.0000000

                          W( 5)       0.1916070E+08       0.0000000

                          W( 6)       0.1916105E+08       0.0000000

                          W( 7)       0.1916140E+08       0.0000000

                          W( 8)       0.1916175E+08       0.0000000

                          W( 9)       0.1916210E+08       0.0000000

                         W( 10)       0.1916244E+08       0.0000000

                         W( 11)       0.1916279E+08       0.0000000

                         W( 12)       0.1916314E+08       0.0000000

                         W( 13)       0.1916348E+08       0.0000000

                         W( 14)       0.1916383E+08       0.0000000

                         W( 15)       0.1916418E+08       0.0000000

                         W( 16)       0.1916453E+08       0.0000000

                         W( 17)       0.1916487E+08       0.0000000

                         W( 18)       0.1916522E+08       0.0000000

                         W( 19)       0.1916557E+08       0.0000000

                         W( 20)       0.1916592E+08       0.0000000

                         W( 21)       0.1916626E+08       0.0000000

                          U( 1)       0.0000000           0.0000000

                          U( 2)        1.000000           0.0000000

                          U( 3)        2.000000           0.0000000

                          U( 4)        3.000000           0.0000000

                          U( 5)        4.000000           0.0000000

                          U( 6)        5.000000           0.0000000

                          U( 7)        6.000000           0.0000000

                          C( 1)       0.0000000           0.0000000

                          C( 2)        310.0000           0.0000000

                          C( 3)        640.0000           0.0000000

                          C( 4)        990.0000           0.0000000

                          C( 5)        1360.000           0.0000000

                          C( 6)        1750.000           0.0000000

                          C( 7)        2160.000           0.0000000

                        DEV( 1)       -3.000000           0.0000000

                        DEV( 2)       -2.000000           0.0000000

                        DEV( 3)       -1.000000           0.0000000

                        DEV( 4)       0.0000000           0.0000000

                        DEV( 5)        1.000000           0.0000000

                        DEV( 6)        2.000000           0.0000000

                        DEV( 7)        3.000000           0.0000000

                       PDEV( 1)       0.1562500E-01       0.0000000

                       PDEV( 2)       0.9375000E-01       0.0000000

                       PDEV( 3)       0.2343750           0.0000000

                       PDEV( 4)       0.3125000           0.0000000

                       PDEV( 5)       0.2343750           0.0000000

                       PDEV( 6)       0.9375000E-01       0.0000000

                       PDEV( 7)       0.1562500E-01       0.0000000

                          Q( 1)       0.0000000           0.0000000

                          Q( 2)        1.000000           0.0000000

                          Q( 3)        2.000000           0.0000000

                          Q( 4)        3.000000           0.0000000

                          Q( 5)        4.000000           0.0000000

                          Q( 6)        5.000000           0.0000000

                          Q( 7)        6.000000           0.0000000

                        REV( 1)       0.0000000           0.0000000

                        REV( 2)        1000.000           0.0000000

                        REV( 3)        2000.000           0.0000000

                        REV( 4)        3000.000           0.0000000

                        REV( 5)        4000.000           0.0000000

                        REV( 6)        5000.000           0.0000000

                        REV( 7)        6000.000           0.0000000

                    PROD( 1, 1)       0.2441406E-03       0.0000000

                    PROD( 1, 2)        1.000000           0.0000000

                    PROD( 1, 3)        2.000000           0.0000000

                    PROD( 1, 4)        3.000000           0.0000000

                    PROD( 1, 5)        4.000000           0.0000000

                    PROD( 1, 6)        5.000000           0.0000000

                    PROD( 1, 7)        6.000000           0.0000000

                    PROD( 2, 1)        1.000000           0.0000000

                    PROD( 2, 2)        2.000000           0.0000000

                    PROD( 2, 3)        3.000000           0.0000000

                    PROD( 2, 4)        4.000000           0.0000000

                    PROD( 2, 5)        5.000000           0.0000000

                    PROD( 2, 6)        6.000000           0.0000000

                    PROD( 2, 7)        6.000000           0.0000000

                    PROD( 3, 1)        2.000000           0.0000000

                    PROD( 3, 2)        3.000000           0.0000000

                    PROD( 3, 3)        4.000000           0.0000000

                    PROD( 3, 4)        5.000000           0.0000000

                    PROD( 3, 5)        6.000000           0.0000000

                    PROD( 3, 6)        6.000000           0.0000000

                    PROD( 3, 7)        6.000000           0.0000000

                    PROD( 4, 1)        3.000000           0.0000000

                    PROD( 4, 2)        4.000000           0.0000000

                    PROD( 4, 3)        5.000000           0.0000000

                    PROD( 4, 4)        6.000000           0.0000000

                    PROD( 4, 5)        6.000000           0.0000000

                    PROD( 4, 6)        6.000000           0.0000000

                    PROD( 4, 7)        6.000000           0.0000000

                    PROD( 5, 1)        4.000000           0.0000000

                    PROD( 5, 2)        5.000000           0.0000000

                    PROD( 5, 3)        6.000000           0.0000000

                    PROD( 5, 4)        6.000000           0.0000000

                    PROD( 5, 5)        6.000000           0.0000000

                    PROD( 5, 6)        6.000000           0.0000000

                    PROD( 5, 7)        6.000000           0.0000000

                    PROD( 6, 1)        5.000000           0.0000000

                    PROD( 6, 2)        6.000000           0.0000000

                    PROD( 6, 3)        6.000000           0.0000000

                    PROD( 6, 4)        6.000000           0.0000000

                    PROD( 6, 5)        6.000000           0.0000000

                    PROD( 6, 6)        6.000000           0.0000000

                    PROD( 6, 7)        6.000000           0.0000000

                    PROD( 7, 1)        6.000000           0.0000000

                    PROD( 7, 2)        6.000000           0.0000000

                    PROD( 7, 3)        6.000000           0.0000000

                    PROD( 7, 4)        6.000000           0.0000000

                    PROD( 7, 5)        6.000000           0.0000000

                    PROD( 7, 6)        6.000000           0.0000000

                    PROD( 7, 7)        6.000000           0.0000000

                    PROD( 8, 1)        6.000000           0.0000000

                    PROD( 8, 2)        6.000000           0.0000000

                    PROD( 8, 3)        6.000000           0.0000000

                    PROD( 8, 4)        6.000000           0.0000000

                    PROD( 8, 5)        6.000000           0.0000000

                    PROD( 8, 6)        6.000000           0.0000000

                    PROD( 8, 7)        6.000000           0.0000000

                    PROD( 9, 1)        6.000000           0.0000000

                    PROD( 9, 2)        6.000000           0.0000000

                    PROD( 9, 3)        6.000000           0.0000000

                    PROD( 9, 4)        6.000000           0.0000000

                    PROD( 9, 5)        6.000000           0.0000000

                    PROD( 9, 6)        6.000000           0.0000000

                    PROD( 9, 7)        6.000000           0.0000000

                   PROD( 10, 1)        6.000000           0.0000000

                   PROD( 10, 2)        6.000000           0.0000000

                   PROD( 10, 3)        6.000000           0.0000000

                   PROD( 10, 4)        6.000000           0.0000000

                   PROD( 10, 5)        6.000000           0.0000000

                   PROD( 10, 6)        6.000000           0.0000000

                   PROD( 10, 7)        6.000000           0.0000000

                   PROD( 11, 1)        6.000000           0.0000000

                   PROD( 11, 2)        6.000000           0.0000000

                   PROD( 11, 3)        6.000000           0.0000000

                   PROD( 11, 4)        6.000000           0.0000000

                   PROD( 11, 5)        6.000000           0.0000000

                   PROD( 11, 6)        6.000000           0.0000000

                   PROD( 11, 7)        6.000000           0.0000000

                   PROD( 12, 1)        6.000000           0.0000000

                   PROD( 12, 2)        6.000000           0.0000000

                   PROD( 12, 3)        6.000000           0.0000000

                   PROD( 12, 4)        6.000000           0.0000000

                   PROD( 12, 5)        6.000000           0.0000000

                   PROD( 12, 6)        6.000000           0.0000000

                   PROD( 12, 7)        6.000000           0.0000000

                   PROD( 13, 1)        6.000000           0.0000000

                   PROD( 13, 2)        6.000000           0.0000000

                   PROD( 13, 3)        6.000000           0.0000000

                   PROD( 13, 4)        6.000000           0.0000000

                   PROD( 13, 5)        6.000000           0.0000000

                   PROD( 13, 6)        6.000000           0.0000000

                   PROD( 13, 7)        6.000000           0.0000000

                   PROD( 14, 1)        6.000000           0.0000000

                   PROD( 14, 2)        6.000000           0.0000000

                   PROD( 14, 3)        6.000000           0.0000000

                   PROD( 14, 4)        6.000000           0.0000000

                   PROD( 14, 5)        6.000000           0.0000000

                   PROD( 14, 6)        6.000000           0.0000000

                   PROD( 14, 7)        6.000000           0.0000000

                   PROD( 15, 1)        6.000000           0.0000000

                   PROD( 15, 2)        6.000000           0.0000000

                   PROD( 15, 3)        6.000000           0.0000000

                   PROD( 15, 4)        6.000000           0.0000000

                   PROD( 15, 5)        6.000000           0.0000000

                   PROD( 15, 6)        6.000000           0.0000000

                   PROD( 15, 7)        6.000000           0.0000000

                   PROD( 16, 1)        6.000000           0.0000000

                   PROD( 16, 2)        6.000000           0.0000000

                   PROD( 16, 3)        6.000000           0.0000000

                   PROD( 16, 4)        6.000000           0.0000000

                   PROD( 16, 5)        6.000000           0.0000000

                   PROD( 16, 6)        6.000000           0.0000000

                   PROD( 16, 7)        6.000000           0.0000000

                   PROD( 17, 1)        6.000000           0.0000000

                   PROD( 17, 2)        6.000000           0.0000000

                   PROD( 17, 3)        6.000000           0.0000000

                   PROD( 17, 4)        6.000000           0.0000000

                   PROD( 17, 5)        6.000000           0.0000000

                   PROD( 17, 6)        6.000000           0.0000000

                   PROD( 17, 7)        6.000000           0.0000000

                   PROD( 18, 1)        6.000000           0.0000000

                   PROD( 18, 2)        6.000000           0.0000000

                   PROD( 18, 3)        6.000000           0.0000000

                   PROD( 18, 4)        6.000000           0.0000000

                   PROD( 18, 5)        6.000000           0.0000000

                   PROD( 18, 6)        6.000000           0.0000000

                   PROD( 18, 7)        6.000000           0.0000000

                   PROD( 19, 1)        6.000000           0.0000000

                   PROD( 19, 2)        6.000000           0.0000000

                   PROD( 19, 3)        6.000000           0.0000000

                   PROD( 19, 4)        6.000000           0.0000000

                   PROD( 19, 5)        6.000000           0.0000000

                   PROD( 19, 6)        6.000000           0.0000000

                   PROD( 19, 7)        6.000000           0.0000000

                   PROD( 20, 1)        6.000000           0.0000000

                   PROD( 20, 2)        6.000000           0.0000000

                   PROD( 20, 3)        6.000000           0.0000000

                   PROD( 20, 4)        6.000000           0.0000000

                   PROD( 20, 5)        6.000000           0.0000000

                   PROD( 20, 6)        6.000000           0.0000000

                   PROD( 20, 7)        6.000000           0.0000000

                   PROD( 21, 1)        6.000000           0.0000000

                   PROD( 21, 2)        6.000000           0.0000000

                   PROD( 21, 3)        6.000000           0.0000000

                   PROD( 21, 4)        6.000000           0.0000000

                   PROD( 21, 5)        6.000000           0.0000000

                   PROD( 21, 6)        6.000000           0.0000000

                   PROD( 21, 7)        6.000000           0.0000000

                            Row    Slack or Surplus      Dual Price

                      W_( 1, 1)        3840.000           0.0000000

                      W_( 1, 2)        3150.000           0.0000000

                      W_( 1, 3)        2480.000           0.0000000

                      W_( 1, 4)        1830.000           0.0000000

                      W_( 1, 5)        1200.000           0.0000000

                      W_( 1, 6)        590.0000           0.0000000

                      W_( 1, 7)       0.0000000           -182.8234

                      W_( 2, 1)        3250.000           0.0000000

                      W_( 2, 2)        2560.000           0.0000000

                      W_( 2, 3)        1890.000           0.0000000

                      W_( 2, 4)        1240.000           0.0000000

                      W_( 2, 5)        610.0000           0.0000000

                      W_( 2, 6)       0.0000000           -1223.546

                      W_( 2, 7)        47.72677           0.0000000

                      W_( 3, 1)        2640.000           0.0000000

                      W_( 3, 2)        1950.000           0.0000000

                      W_( 3, 3)        1280.000           0.0000000

                      W_( 3, 4)        630.0000           0.0000000

                      W_( 3, 5)       0.0000000           -3650.813

                      W_( 3, 6)        27.72677           0.0000000

                      W_( 3, 7)        82.90508           0.0000000

                      W_( 4, 1)        2010.000           0.0000000

                      W_( 4, 2)        1320.000           0.0000000

                      W_( 4, 3)        650.0000           0.0000000

                      W_( 4, 4)       0.0000000           -6582.554

                      W_( 4, 5)        7.726771           0.0000000

                      W_( 4, 6)        42.90508           0.0000000

                      W_( 4, 7)        102.6075           0.0000000

                      W_( 5, 1)        1372.273           0.0000000

                      W_( 5, 2)        682.2732           0.0000000

                      W_( 5, 3)        12.27323           0.0000000

                      W_( 5, 4)       0.0000000           -8424.958

                      W_( 5, 5)        15.17831           0.0000000

                      W_( 5, 6)        54.88078           0.0000000

                      W_( 5, 7)        117.3239           0.0000000

                      W_( 6, 1)        727.0949           0.0000000

                      W_( 6, 2)        37.09492           0.0000000

                      W_( 6, 3)        4.821690           0.0000000

                      W_( 6, 4)       0.0000000           -8503.242

                      W_( 6, 5)        19.70246           0.0000000

                      W_( 6, 6)        62.14561           0.0000000

                      W_( 6, 7)        126.4716           0.0000000

                      W_( 7, 1)        77.39245           0.0000000

                      W_( 7, 2)        25.11922           0.0000000

                      W_( 7, 3)       0.2975350           0.0000000

                      W_( 7, 4)       0.0000000           -6912.901

                      W_( 7, 5)        22.44315           0.0000000

                      W_( 7, 6)        66.76910           0.0000000

                      W_( 7, 7)        132.3514           0.0000000

                      W_( 8, 1)        65.11922           0.0000000

                      W_( 8, 2)        20.29754           0.0000000

                      W_( 8, 3)       0.0000000           -4228.009

                      W_( 8, 4)        2.443147           0.0000000

                      W_( 8, 5)        26.76910           0.0000000

                      W_( 8, 6)        72.35144           0.0000000

                      W_( 8, 7)        138.2579           0.0000000

                      W_( 9, 1)        57.85439           0.0000000

                      W_( 9, 2)        17.55685           0.0000000

                      W_( 9, 3)       0.0000000           -1784.814

                      W_( 9, 4)        4.325957           0.0000000

                      W_( 9, 5)        29.90829           0.0000000

                      W_( 9, 6)        75.81480           0.0000000

                      W_( 9, 7)        141.2395           0.0000000

                     W_( 10, 1)        53.23090           0.0000000

                     W_( 10, 2)        15.67404           0.0000000

                     W_( 10, 3)       0.0000000           -502.2392

                     W_( 10, 4)        5.582333           0.0000000

                     W_( 10, 5)        31.48884           0.0000000

                     W_( 10, 6)        76.91352           0.0000000

                     W_( 10, 7)        141.7422           0.0000000

                     W_( 11, 1)        50.09171           0.0000000

                     W_( 11, 2)        14.41767           0.0000000

                     W_( 11, 3)       0.0000000           -135.2152

                     W_( 11, 4)        5.906511           0.0000000

                     W_( 11, 5)        31.33119           0.0000000

                     W_( 11, 6)        76.15989           0.0000000

                     W_( 11, 7)        140.7110           0.0000000

                     W_( 12, 1)        52.00689           0.0000000

                     W_( 12, 2)        17.58922           0.0000000

                     W_( 12, 3)        3.495731           0.0000000

                     W_( 12, 4)        8.920408           0.0000000

                     W_( 12, 5)        33.74911           0.0000000

                     W_( 12, 6)        78.30019           0.0000000

                     W_( 13, 1)        55.17844           0.0000000

                     W_( 13, 2)        21.08495           0.0000000

                     W_( 13, 3)        6.509628           0.0000000

                     W_( 13, 4)        11.33833           0.0000000

                     W_( 13, 5)        35.88941           0.0000000

                     W_( 14, 1)        58.67417           0.0000000

                     W_( 14, 2)        24.09885           0.0000000

                     W_( 14, 3)        8.927552           0.0000000

                     W_( 14, 4)        13.47863           0.0000000

                     W_( 15, 1)        61.68807           0.0000000

                     W_( 15, 2)        26.51677           0.0000000

                     W_( 15, 3)        11.06785           0.0000000

                     W_( 16, 1)        64.10599           0.0000000

                     W_( 16, 2)        28.65707           0.0000000

                     W_( 17, 1)        66.24629           0.0000000
