Solving 8 applications with FILTER-SD
=====================================
1. ALKI

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .537082E+00  -.87238720E+03  << feasible LP                    .1000E+03

   1   .372979E+01  -.14586564E+04  << LCP   .62829E-04   .1000E+03   .1000E+03

   2   .307389E-01  -.15921652E+04  << LCP   .40486E-04   .2000E+03   .2000E+03

   3   .241832E+00  -.16477901E+04  << LCP   .00000E+00   .4000E+03   .4000E+03

   4   .370751E+01  -.17318317E+04  << LCP   .00000E+00   .8000E+03   .8000E+03

   5   .929738E+01  -.17900731E+04  << LCP   .98281E-05   .1399E+04   .1600E+04

   6   .245064E+01  -.17729095E+04  << LCP   .10771E-04   .8813E+03   .1600E+04

   7   .321980E-03  -.17688163E+04  << LCP   .13267E-06   .3798E+02   .1600E+04

   8   .313197E-08  -.17688070E+04  << LCP   .24739E-05   .9343E-03   .1600E+04

   9   .454747E-12  -.17688070E+04  << LCP   .24740E-05   .1499E-07   .1600E+04

  10   .456524E-12  -.17688070E+04  << LCP   .24740E-05   .4360E-12   .1600E+04

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     ALKI. Alkilation, HS. Problem 114

     n=  10     m=  11

     ifail =  0

     Number of iterations = 10

     Number of functions and gradient calls=    89      66

     Solution

      1     .1698093397180E+04

      2     .1581844323175E+05

      3     .5410329993493E+02

      4     .3031224096049E+04

      5     .2000000000000E+04

      6     .9011550627211E+02

      7     .9500000000000E+02

      8     .1049320565132E+02

      9     .1561636659144E+01

     10     .1535353520563E+03

     function value= -.1768806980606E+04

2. ELCH

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .220000E+01  -.20960285E+02  << feasible LP                    .1000E+03

   1   .444089E-15  -.47645204E+02  << LCP   .10716E+01   .5065E+00   .1000E+03

   2   .666134E-15  -.47761001E+02  << LCP   .21520E+00   .1728E+00   .1000E+03

   3   .000000E+00  -.47761091E+02  << LCP   .39802E-04   .3848E-02   .1000E+03

   4   .000000E+00  -.47761091E+02  << LCP   .56629E-04   .0000E+00   .1000E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     ELCH. Chemical Equilibrium, HS. Problem 112

     n=  10     m=   3

     ifail =  0

     Number of iterations =  4

     Number of functions and gradient calls=   293     238

     Solution

      1     .4066741704575E-01

      2     .1477293563659E+00

      3     .7831543611500E+00

      4     .1414220188371E-02

      5     .4852471243083E+00

      6     .6931699449542E-03

      7     .2739836125012E-01

      8     .1794737380174E-01

      9     .3731396291027E-01

     10     .9687197797761E-01

     function value= -.4776109085934E+02

3. MSP3

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .231209E+03   .44970000E+03  << feasible LP                    .1000E+03

   1   .549043E+02   .23544291E+03  << LCP   .00000E+00   .1000E+03   .1000E+03

   2   .261304E+02   .97386656E+02  << LCP   .00000E+00   .2000E+03   .2000E+03

   3   .348327E+00   .10346051E+03  << LCP   .93675E-16   .2868E+03   .4000E+03

   3   .925434E+01   .11981950E+03  << project

 phase 2 projection step fails

   3   .261304E+02   .97386656E+02  << feasible LP                    .1434E+03

   4   .950451E+00   .97369244E+02  << LCP   .21955E-09   .1434E+03   .1434E+03

   5   .829094E-02   .97500298E+02  << LCP   .17388E-09   .6522E+01   .2868E+03

   6   .151643E-03   .97522618E+02  << LCP   .00000E+00   .4903E+01   .2868E+03

   7   .192146E-06   .97548116E+02  << LCP   .00000E+00   .3438E+00   .2868E+03

   8   .147219E-12   .97548208E+02  << LCP   .00000E+00   .3341E-03   .2868E+03

   9   .503087E-13   .97548208E+02  << LCP   .00000E+00   .1135E-09   .2868E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     MSP3. Membrane 3 strata, HS. Problem 116

     n=  13     m=  15

     ifail =  0

     Number of iterations =  9

     Number of functions and gradient calls=    45      42

     Solution

      1     .8041180561258E+00

      2     .9000000000000E+00

      3     .9000000000002E+00

      4     .1000000000000E+00

      5     .1908367320664E+00

      6     .9000000000000E+00

      7     .5740579636969E+03

      8     .7405796369694E+02

      9     .5000000000000E+03

     10     .1000000000000E+00

     11     .2019629025100E+02

     12     .7733645000000E+02

     13     .1546729519025E-01

     function value=  .9754820754619E+02

4. MSP5

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .112821E+03   .28466958E+03  << feasible LP                    .1000E+03

   1   .785584E+01   .23406699E+03  << LCP   .00000E+00   .1000E+03   .1000E+03

   2   .210716E-02   .18382231E+03  << LCP   .93331E-13   .1698E+03   .2000E+03

   3   .271810E+01   .17655608E+03  << LCP   .22204E-15   .1516E+03   .2000E+03

   4   .301731E-02   .17264642E+03  << LCP   .00000E+00   .2000E+03   .2000E+03

   5   .910547E-04   .17500324E+03  << LCP   .00000E+00   .2524E+01   .4000E+03

   5   .401779E-08   .17501966E+03  << project

 phase 2 projection step fails

   5    .301696E-02   .35184855E-06  < reset J                        .1262E+01

   6    .365564E-01   .24495274E-03  < LCP   .00000E+00   .1262E+01   .1262E+01

 hxdJt.eq.0.D0.or.dq.lt.tol

   6    .301696E-02   .35184858E-06  < reset J                        .1262E+00

   7    .189344E-02   .91294036E-03  < LCP   .40740E-20   .1262E+00   .1262E+00

   8    .183311E-03   .70778122E-03  < LCP   .20208E-09   .2524E+00   .2524E+00

   9    .296029E-03   .37081296E-03  < LCP   .12227E-08   .5048E+00   .5048E+00

   9    .296029E-03   .37081296E-03  < reset J                        .1010E+01

  10    .120083E-04   .25064674E-04  < LCP   .54210E-19   .1010E+01   .1010E+01

  11    .370744E-07   .00000000E+00  < LCP   .31799E-09   .8258E-01   .2019E+01

  11   .370744E-07   .17548919E+03  << feasible LP                    .2019E+01

  12   .588997E-03   .17481461E+03  << LCP   .98926E-12   .2019E+01   .2019E+01

  13   .199696E-07   .17482244E+03  << LCP   .22179E-05   .4039E+01   .4039E+01

  14   .695017E-04   .17482055E+03  << LCP   .28741E-08   .8077E+01   .8077E+01

  15   .292191E-03   .17481678E+03  << LCP   .78279E-08   .1615E+02   .1615E+02

  16   .117144E-02   .17480921E+03  << LCP   .59242E-07   .3231E+02   .3231E+02

  17   .470928E-02   .17479401E+03  << LCP   .57248E-06   .6462E+02   .6462E+02

  17   .282553E-09   .17479528E+03  << project

  17   .282553E-09   .17479528E+03  << feasible LP                    .1292E+03

  18   .182644E-03   .17478654E+03  << LCP   .00000E+00   .3872E+02   .1292E+03

  19   .103021E-08   .17478699E+03  << LCP   .70094E-05   .1389E-01   .1292E+03

  20   .398434E-11   .17478699E+03  << LCP   .14335E-05   .8307E-03   .1292E+03

  21   .263678E-15   .17478699E+03  << LCP   .38084E-06   .7431E-08   .1292E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     MSP5. Membrane 5 strata, Andrei,2003, pp.367

     n=  16     m=  21

     ifail =  0

     Number of iterations = 21

     Number of functions and gradient calls=   195     165

     Solution

      1     .8037731573767E+00

      2     .8161084087551E+00

      3     .9000000000000E+00

      4     .9000000000000E+00

      5     .9000000000033E+00

      6     .1000000000000E+00

      7     .1070316006510E+00

      8     .1908367346993E+00

      9     .1908367346993E+00

     10     .1908367346993E+00

     11     .5050460608981E+03

     12     .5046060898126E+01

     13     .7263781366433E+02

     14     .5000000000000E+03

     15     .5000000000000E+03

     16     .1000000000000E-05

     function value=  .1747869944107E+03

5. PPSE

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .234401E+01   .48533335E+04  << feasible LP                    .1000E+03

   1   .686570E+00   .45948380E+04  << LCP   .21802E-07   .4563E+00   .1000E+03

   2   .805106E-01   .50316303E+04  << LCP   .96770E-09   .2113E+00   .1000E+03

   3   .277726E-03   .50547724E+04  << LCP   .40068E-07   .1100E-01   .1000E+03

   4   .258373E-07   .50550118E+04  << LCP   .19718E-08   .1174E-03   .1000E+03

   5   .721645E-15   .50550118E+04  << LCP   .26992E-04   .9994E-08   .1000E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     PPSE. Static Power Scheduling, HS. Problem 107

     n=   9     m=   6

     ifail =  0

     Number of iterations =  5

     Number of functions and gradient calls=    27      24

     Solution

      1     .6670127596354E+00

      2     .1022384719891E+01

      3     .2282871453161E+00

      4     .1848217561077E+00

      5     .1090900000000E+01

      6     .1090900000000E+01

      7     .1069036003085E+01

      8     .1066106240694E+00

      9    -.3387876182794E+00

     function value=  .5055011803544E+04

6. PREC

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .592095E+00   .36573658E+01  << feasible LP                    .1000E+03

   1   .135973E+03   .35573597E+01  << LCP   .10396E-04   .5900E+01   .1000E+03

   1   .675091E+02   .35573808E+01  << project

 phase 2 projection step fails

   1   .592095E+00   .36573658E+01  << feasible LP                    .2950E+01

   2   .209568E+01   .35579438E+01  << LCP   .80858E-06   .2950E+01   .2950E+01

   3   .143807E+03   .34674300E+01  << LCP   .16022E-04   .2950E+01   .5900E+01

   3   .715264E+02   .34890856E+01  << project

 phase 2 projection step fails

   3   .209568E+01   .35579438E+01  << feasible LP                    .1475E+01

   4   .884135E+00   .35811924E+01  << LCP   .49876E-04   .1475E+01   .1475E+01

   5   .153164E+01   .34257157E+01  << LCP   .46102E-04   .2950E+01   .2950E+01

   6   .439471E+00   .36219821E+01  << LCP   .25324E-04   .1186E+01   .5900E+01

   7   .102225E+00   .38842967E+01  << LCP   .99794E-04   .1294E+01   .5900E+01

   8   .927966E-02   .39430737E+01  << LCP   .45199E-04   .5414E+00   .5900E+01

   9   .935656E-04   .39510757E+01  << LCP   .99232E-05   .6006E-01   .5900E+01

  10   .775732E-08   .39511635E+01  << LCP   .43290E-04   .5510E-03   .5900E+01

  11   .222045E-15   .39511635E+01  << LCP   .43282E-04   .5125E-07   .5900E+01

  12   .000000E+00   .39511635E+01  << LCP   .43282E-04   .1227E-14   .5900E+01

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     PREC. Chemical Reactor, HS. Problem 104

     n=   8     m=   6

     ifail =  0

     Number of iterations = 12

     Number of functions and gradient calls=   383     301

     Solution

      1     .6465651482588E+01

      2     .2232228102647E+01

      3     .6673914630386E+00

      4     .5957548622236E+00

      5     .5932584726139E+01

      6     .5527223368431E+01

      7     .1013183473274E+01

      8     .4006515303775E+00

     function value=  .3951163519897E+01

7. POOL

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .114071E+05   .27433678E+04  << feasible LP                    .1000E+03

   1   .465466E+03   .27858000E+04  << LCP   .00000E+00   .1000E+03   .1000E+03

   2   .240874E-10   .27858000E+04  << LCP   .00000E+00   .2000E+03   .2000E+03

   3   .566445E-10   .27858000E+04  << LCP   .00000E+00   .1279E-12   .4000E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     POOL. Blending/Pooling, Andrei 2003

     n=  34     m=  20

     ifail =  0

     Number of iterations =  3

     Number of functions and gradient calls=     7       7

     Solution

      1     .2261215914373E+03

      2     .4494003677412E+02

      3     .1289383717886E+03

      4     .8723337474245E+03

      5     .0000000000000E+00

      6     .2133333288863E+03

      7     .1433292368921E+02

      8     .8000000000000E+03

      9     .0000000000000E+00

     10     .2000000000000E+03

     11     .0000000000000E+00

     12     .0000000000000E+00

     13     .0000000000000E+00

     14     .9020999583754E+02

     15     .8757605798913E+02

     16     .8900000000000E+02

     17     .8895442153067E+02

     18     .8833549372826E+02

     19     .8610499791877E+02

     20     .8363508844395E+02

     21     .8510000000000E+02

     22     .8497603454509E+02

     23     .8441637460718E+02

     24     .7919173797229E+00

     25     .7725908904303E+00

     26     .7850000000000E+00

     27     .7832033080613E+00

     28     .7792090822008E+00

     29     .4000000000000E+03

     30     .4000000000000E+03

     31     .7000000000000E+03

     32     .8000000000000E+03

     33     .1000000000000E+04

     34     .1500000000000E+04

     function value=  .2785800000000E+04

     Execution time =      0 centeseconds

8. LATHE

itn     h/hJt          f/hJ                 rgnorm       dnorm        rho

   0   .173400E+01  -.29314690E+04  << feasible LP                    .1000E+03

   1   .220987E+01  -.44651783E+04  << LCP   .00000E+00   .9997E+02   .1000E+03

   2   .367676E+00  -.44107686E+04  << LCP   .00000E+00   .1000E+03   .1000E+03

   3   .331048E+00  -.44404894E+04  << LCP   .00000E+00   .2000E+03   .2000E+03

   4   .988466E+00  -.44368648E+04  << LCP   .00000E+00   .1807E+03   .4000E+03

 hxd.eq.0.D0.or.dq.lt.tol

   4   .331048E+00  -.44404894E+04  << feasible LP                    .3026E+02

   5   .503231E-02  -.44239013E+04  << LCP   .00000E+00   .3026E+02   .3026E+02

   6   .446745E-02  -.44283627E+04  << LCP   .00000E+00   .6051E+02   .6051E+02

   7   .255796E+00  -.44343704E+04  << LCP   .00000E+00   .1049E+03   .1210E+03

   8   .669385E-02  -.44340170E+04  << LCP   .00000E+00   .1403E+02   .1210E+03

   9   .217983E-04  -.44340020E+04  << LCP   .00000E+00   .6096E-01   .1210E+03

  10   .361516E-08  -.44340020E+04  << LCP   .00000E+00   .6912E-03   .1210E+03

  11   .366374E-14  -.44340020E+04  << LCP   .00000E+00   .1148E-06   .1210E+03

  12   .000000E+00  -.44340020E+04  << LCP   .00000E+00   .8758E-13   .1210E+03

 local NLP solution found

     =====================================

     ** Filter Method by Roger Fletcher **

     =====================================

     LATHE. Optimization of multi-spindle lathe

     Schittkowski, 1987, Problem 376, page 195

     n=  10     m=  15

     ifail =  0

     Number of iterations = 12

     Number of functions and gradient calls=    43      43

     Solution

      1     .1304881514666E+00

      2     .1000000000000E+00

      3     .8100000000000E-02

      4     .7095862080345E+03

      5     .5000000000000E-04

      6     .5000000000000E-04

      7     .2700000000000E-02

      8     .1350000000000E-02

      9     .4629629629630E-02

     10     .4129629629630E-02

     function value= -.4434001955291E+04
Remarks

FILTER-SD solves an NLP problem of the form: find a local solution x to 

          minimize    f(x)

                                     [  x   ]

          subject to  bl <= [      ] <= bu

                                     [ c(x) ]

where f(x) is a given function of n variables x and c(x) is a vector of m given constraint functions. f(x) is minimized subject to lower and upper bounds bl and bu on x and c(x). f(x) and c(x) are defined by a user supplied  subroutine 'functions'. The user is also required to supply a subroutine  'gradients' which calculates gradients of f(x) and c(x) with respect to x. 

If linearized constraints and the trust region are incompatible, the code enters 'phase 1' in which an 'l1 feasibility problem' is solved. If this is unsuccessful in resolving the situation then the code exits with ifail=3 and returns a 'locally infeasible point' in x.

This routine finds a KT point for the General LCP (Linearly Constrained Problem)

       minimize    f(x)

      subject to  l <= [I : A]t.x <= u                  (t = transpose)

where f(x) is a given function of n variables x, to be determined. Lower and upper bound constraints on the variables x and the linear functions At.x may be supplied, where A is an n*m matrix. A recursive form of an active set method is used, using Wolfe's method to resolve degeneracy. A limited memory reduced gradient sweep method is used for minimization in the null space, so usually the KT point is a local minimizer. Matrix information is made available and processed by calls to external subroutines. Details of these are given in an auxiliary file named either 'denseL.f' or 'schurQR.f'. (schurQR.f is a more recent replacement for the file sparseL.f)

-  rgnorm = the norm of the reduced gradient on exit (infinite norm)

-  rho = trust region radius (initial value rho=100)

-  dnorm=final step length (infinite norm)

-  nft=total number of function calls, 

-  ngt=total number of gradient calls
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