ABSTRACT AMPL’s solve

amplsolver.a netlib.

CONTENTS

Stub.nl files

Optional ASL components Example: linrc

stub.sol file

DAGwalk Writing stub.nl

-AMPL flag

         Stderr

The AMPL AMPL’s solve AMPL

AMPL’s solve AMPL

http://www.ampl.com/ampl/

AMPL

Stub.nl files

AMPL stub.suffix; AMPL stub stub AMPL’s write AMPL normally stub.nl AMPL invokes

                  stub -AMPL
             stub.sol

http://www.mcs.anl.gov/home/otc/Guide/faq/

AMPL stub.mps stub.nl

AMPL’s stub.nl

to netlib@research.bell-labs.com
      ftp://netlib.bell-labs.com/netlib/f2c/readme.gz

Netlib’s AMPL

      http://netlib.bell-labs.com/netlib/ampl/solvers/
                     solvers
amplsolver.a stub.nl stub.sol
                      amplsolver.a.

solvers/examples
                        solvers

netlib

to netlib@research.bell-labs.com

      ftp://netlib.bell-labs.com/netlib/ampl/solvers/readme.gz

ftp

        ftp anonymous
/netlib/ampl/solvers ftp

      http://netlib.bell-labs.com/netlib/bib/compression.html

a tar ampl/solvers

      ftp://netlib.bell-labs.com/netlib/ampl

      binary

      http://netlib.bell-labs.com/netlib/ampl/

• lib solvers (tar)

solvers.tar file.

++ with -DKR_headers d.)

x ∈^n to

and ≤ x ≤ u b ≤ Ax ≤ d c^Tx (LP)

where A ∈^{m×n}, b, d ∈^m c, , u ∈^n A, b, c, d, , u

                 solvers/examples/lin1.c

                solvers/examples/makefile
solvers/examples makefile
                       README makefile.*
lin1.c

(i.e., solvers/asl.h AMPL/Solver interface L asl.h math.h, stdio.h, string.h, stdlib.h, setjmp.h errno.h asl.h ASL for
                                      asl.h #define
                 ASL asl declared

                              ASL
       n_var n_con n_obj
                 asl.h getstub.h
       asl.h Long long or
int), fint Long), real
double ftnlen Long

The main lin1.c stub stub.nl AMPL main rou-

           ASL via

           ASL_alloc
                                      main stub
routine jac0dim

        #define in asl.h

into .

              #define asl.h amplsolver.a
                                                        asl
                                                                    _ASL

                          jac0dim assumes stub is stublen
                                          stub ASL field
filename asl->i.filename_ stub stub), jac0dim

stub.nl *asl stub.nl

jac0dim return_nofile

stub.nl, lin1.c invokes f_read stub.nl

ASL_alloc; f_read
linearities. F_read Malloc

examples; Malloc calls malloc malloc

stub.nl

stub.nl f_read

AMPL ograd struc-

 asl.h asl.h declares

typedef ASL field Ograd[i]
 ograd i +
n_var
nbv
niv
n_con
n_obj
nlo

nranges

{i: b_i < d_i }

nlc

nlnc

nlvb∗

nlvbi∗

nlvc
nlvci∗

nlvo
nlvoi∗

lnc
nzc
nzo
maxrownamelen

stub.row file)

maxcolnamelen

stub.col file)

n_conjac[0] i for

≤ i < , initially = =

ASL jac0dim.

∗ AMPL versions ≥ nlvb = − 1.

  c
    c varno ograd

         lin1.c f_read
LUv LUrhs.

        LUv and LUrhs real*

    For lin1.c
                 cgrad

than ograd
                                                     for lin1.c pre-

A

negInfinity and Infinity asl.h ASL_alloc

or .

A

                                      ASL stub.nl reader

                                   lin2.c and lin3.c in solvers/examples

                lin2.c lin1.c lin2.c executes

            f_read stub.nl A_vals
A_colstarts and A_rownos
A_colstarts A_vals[i]
A_rownos[i] i j satisfy A_colstarts[j] ≤ i < A_colstarts[j+1]
                                                             Fortran (i.e.,
asl->i.Fortran_
                     Fortran stub.nl
lin3.c
       LUv and Uvx stub.nl LUv
                 Uvx LUrhs and Urhsx stub.nl
                   LUrhs Urhsx
       ASL

Optional ASL components

ASL (i.e., asl->i...._

Example: linrc AMPL stub.nl, AMPL stub.col and stub.row AMPL linrc.c jac0dim

if stub.nl

                   fg_read).
  A_colstarts and A_rownos.
        UVx

        Urhsx

                 X0
havex0[i] X0[i]

                pi0
havepi0[i] pi0[i]

tells stub.nl X0

tells stub.nl pi0

                               A_vals,
A_rownos A_colstarts
cgrad structures.
              A_vals

stub.nl

A_vals

stub.nl

evaluation, longjmp

evaluation, longjmp

writesol() and qpcheck():

− point.

                                 ASL components.

lin1.c
               linrc.c display_width to
                      $display_width

linrc linrc.c

AMPL session:

ampl:

ampl:

       foo linrc AMPL’s expand and solexpand commands.

See

http://www.ampl.com/ampl/NEW/examine.html

AMPL book.

AMPL’s presolve

®

                                          objconst

         objno ≤ objno <
solvers/examples/linrc.c objconst.

AMPL stub.nl stub.sol that AMPL solvers/examples dminos that

        minos

                               ampl/solvers cplex and osl

                                        minos
                                               minos

minos
         dminos minos
               dminos stub.nl
                        $dsolver
    The dminos dualconv dualconv.c
        solvers/examples. Dualconv stub.nl stub.nl (or

stub.mps Dualconv stub.duw stub.sol stub.sol that AMPL

    dualconv

dualconv

                     dminos

#!/bin/sh

                                                              $1 is

stub

stub to dualconv stub.nl

minos stub.sol

stub.sol AMPL

AMPL stub, AMPL stub.nl and stub.sol AMPL stub.duw.

         dminos
                                   solvers/examples/dminos:
#!/bin/sh

dsolver=${dsolver-minos}

rc=$?

dsolver=${dsolver-minos}
                             $dsolver $dsolver to minos.

                 dualconv dualconv

stub.nl stub.nl dualconv

$dsolver adjusts stub.sol

      rc=$?

                       $?

        $?

                      dminos AMPL
stub.sol

stub.sol files, dualconv calls write_sol stub.sol file’’.

stub.nl, AMPL

AMPL versions ≥ 19930630; nlvb first nlvc nlvo > nlvc nlvc vari-

                         nlvo – nlvc
                    nlvo
                    arc AMPL
                            node declaration.

   nlvc, nlvo
nwv
n_var − nlvc, nlvo} + niv + nbv + nwv)

binary nbv

niv

.

nlvb − nlvbi (if nlvb ≥ 0)
nlvbi
nlvc − (nlvb + nlvci)
nlvci
nlvo − (nlvc + nlvoi)
nlvoi

.

       nlvb − nlvbi (if nlvb ≥ 0)
       nlvbi
       nlvo − (nlvb + nlvoi)
       nlvoi
       nlvc − (nlvo + nlvci)
       nlvci

           nlvo ≤ nlvc.

nlc − nlnc
nlnc
lnc
n_con − (nlc + lnc)

.

mip_pri $mip_priorities
stub.col $mip_priorities
                                                solvers/mip_pri.c
                  solvers/cplex/cplex.c and solvers/osl/osl.c.

stub.nl

amplsolver.a

stub.nl

ASL_alloc

ASLtype);

ASLtype ASLtype

ASL

appropriate ASLtype

amplsolver.a

reader ASLtype

stub.nl readers.

      int reader

                                        flags enum
ASL_reader_flag_bits in asl.h

                                 ASL_return_read_err

asl.h

stub.nl

                               ASL asl.h

                                 pfg_read
                                v8 fgh_read

                                           n_var
pfgh_read

aborted.

                                        nerror fint*
                                    nerror
                     err_jmp1 (i.e., asl->i.err_jmp1_
         err_jmp1 obj1val_ASL and obj1grd_ASL objval.c
set err_jmp nerror
*nerror

                    nobj ≤ nobj < X.

                       nobj i] ≤ i < .

bodies X R AMPL

≤ body ≤ ,

      LUrhs Urhsx
Conval i with

≤ i <

                               n_conjac i in
R[i− n_conjac[0]] R[0].

                                          conval J goff off-
       cgrad goff
                    goff J stub.nl
           goff
          goff

                             ncon ≤ ncon < ).

                             ncon G congrd sets

i] ≤ i < asl->i.congrd_mode

                         G asl->i.congrd_mode
the goff cgrad

      HV n_var P
hvcomp computes

                                HV = W.P,

where W

W^2 i^{=0}Σ − 1 OW[i] f_{i i =0}Σ^{− 1} Y[i]c_i ∗) f_i and c_i i i σ + − + lagscale (see ≤ nobj < , hvcomp OW

OW[nobj] OW hvcomp Y
      hvcomp Y W
                                                   objval or objgrd
conval, conival, jacval congrd

W

   H the dense upper t Hes W
nobj, OW and Y hvcomp duthes
  H

W W W W W W

n_var*(n_var+1)/2 W).

W ∗ H

fullhes sets

                   H[i + j.LH] = W_{i,j}

≤ i < ≤ j < duthes and fullhes

fullhes

symmetric.

sparse Hessian W ∗ uptri =

uptri = sputinfo->hrownos and sputinfo->hcolstarts a
            W sphes sphes

W ow and y OW and Y

                                        sphes hvcomp, duthes,
fullhes and sphes ≤ nobj < nobj ow.

W ∗ H; sphsetup

nobj, ow and y
nobj, with ow OW y Y

Argument uptri to sphsetup sphes computes W uptri = W (uptri =

sputinfo->hrownos and sputinfo->hcolstarts

of W

H[ j] = W_{i,rownows[ j]}

≤ i < n_var and hcolstarts[i] ≤ j < hcolstarts[i + sphsetup

      ASL value Fortran hrownos and hcolstarts
in hrownos

             X
             xknown X xunknown()

                               X

calling xknown and xunknown

i by s pi0[i] s

straint i by s s < pi0, LUrhs and Urhsx arrays

                    conval, jacval, conival, congrd, duthes, fullhes, sphes
hvcomp write_sol conscale

σ := sigma ∗

   i X0[i] s
s < varscale i by s
                                 X0, LUv and Uvx write_sol routine
                  varscale.

PORT solver dmngb

              dmngb netlib to

                              dmngb
                  solvers/examples/mng1.c.
mng1.c dmngb dmngb calcf

and calcg objval and objgrd

calcf and calcg mng1.c
       objval and objgrd

Since dmngb *NF to

calcf and calcg calcf and calcg nerror.
                  mng1.c main

      main
main argc and argv

cells xargc and xargv.) AMPL stub

-AMPL mng1.c stub

to jac0dim, mng1.c calls ASL_alloc(ASL_read_fg) ASL

ASL_alloc cur_ASL mng1.c

               ASL_alloc mng1.c asl

making asl calcf and calcg

                 dmngb ASL pointers: X0 and LUv (i.e., asl->i.X0_ and
asl->i.LUv_). X0 AMPL LUv
                                        fg_read stub.nl, mng1.c

asks fg_read X0 AMPL tialize X0

dmngb, mng1.c buf
                         write_sol

stub.sol AMPL

            Cextern

          mng1.c Cextern is
#define asl.h.

                                                               dn2gb

PORT

NL2SOL
       dn2gb netlib to

                      solvers/examples/nl21.c mng1.c

                                               calcr
                          calcj
                                         amplsolver.a
conval and jacval NF to calcr and calcj calcf and
calcg of mng1.c AMPL

≤ body ≤

Subroutine calcr calls conval n_con body R

       nl21.c LUrhs of
                             UR to dn2gb UR to
calcr calcr LUrhs

in calcr
                               dense_j() jacval

dense_j goff cgrad jacval J array

f(x) =_{i =1}Σ^q f_i (U_i x

U_i m_i ×n m_i

LANCELOT

f(x) =_{i =1}Σ^q θ_i (_{j=1}Σ

r_i

f (U x

where θ_i → stub.nl readers pfg_read

and pfgh_read
pfgh_read LANCELOT and VE08

tory solvers/examples VE08: ve08 v8

                          pfg_read solvers/lancelot
lancelot LANCELOT pfgh_read.

                  fmng1.f and fnl21.f of mng1.c and nl21.c
solvers/examples makefile fmng1 and fnl21
                   jacdim_ and jacinc_ ASL
ASL_alloc(ASL_read_fg) stub.nl fg_read

                           jacinc_ Infinity ∞

Jacdim_ MXROW and MXCOL
          MXROW AMPL wrote stub.row
        MXROW stub.row MXCOL AMPL

wrote stub.col MXROW stub.col.

             *M = n_con
             *N = n_var
             *NO = n_obj
             *NZ = ncz
             *MXROW = maxrownamelen
             *MXCOL = maxcolnamelen

                                           jacdim_.

asl.h ASL cur_ASL points.
                               cur_ASL

                 jacdim and jacinc

                                                  n_var)
                                                   n_con)
                                                        nzc)

if ≥

MSG
              NLINES)

.

http://netlib.bell-labs.com/netlib/ampl/models/nlmodels/

The tar

ftp://netlib.bell-labs.com/netlib/ampl/models/nlmodels.tar

stub.sol file

                write_sol AMPL.

                                          mng1.c
x and y AMPL
                y in mng1.c

                                               x and y
                  Option_Info

                amplsolver.a

stub.row stub.fix

one = AMPL RF for

$minos_auxfiles AMPL

netlib

ftp://netlib.bell-labs.com/netlib/ampl/changes.gz

     $solver_auxfiles

An AMPL

                    funcadd funcadd
solvers/funcadd0.c

dummy funcadd amplsolver.a funcadd.h gives funcadd’s prototype:

           AmplExports

funcadd.h are #define
funcadd.h gives addfunc

            funcadd addfunc

argument, name AMPL

      type
                                     nargs
      nargs ≥
nargs + nargs nargs

stub.nl

funcinfo
funcinfo arglist.
                                                        al
arglist AMPL

AMPL arglist AMPL.

al->n arguments, al->nr ≤ i < al->n,

if al->at[i] < if al->at[i] ≥ argument i is argument i is

al->sa[− (al->at[i] + ].

al->ra[al->at[i

If al->derivs al->ra[i] in al->derivs[i] al->hes fgh_read or

pfgh_read al->hes
          0 ≤ i ≤ j < al->nr
                               al->ra[i] and al->ra[j] in
           al->hes[i +^1⁄2j( j+ ].

                  printf available.

See solvers/funcadd.c funcadd mng, mnh and nl2

funcadd.

DAGwalk

form

and ≤ x ≤ u b ≤ Ax ≤ d

1⁄2x^TQx + c^Tx (QP)

Q ∈^{n×n} Q matrices, Q 1⁄2 AMPL

DAG nqpcheck (in

solvers/nqpcheck.c fg_read

called qp_read stub.nl

                                   nqpcheck qp_read
nqpcheck objval, conval
qp_opify

                      Nqpcheck

                                                  co ≥ co
co < co +

Q, nqpcheck Q

                              Q *delsqp
in Q, *rowqp *colqp
Fortran *rowqp and *delsqp (*colqp)[n_var] giv-
                              Nqpcheck Q
                         Q npqcheck
                                      co
                             qpcheck

totype

obj_no (i.e., asl->i.obj_no_

  nqpcheck

Drivers solvers/cplex/cplex.c and solvers/osl/osl.c call qp_read and qpcheck,

solvers/examples/qtest.c nqpcheck and qp_opify.
         DAG nlc

DAGwalk. nlc stub.nl

                                   nlc converts stub.nl
                                                  nlc netlib to

ftp://netlib.bell-labs.com/netlib/ampl/solvers/nlc.tar

  nlc feval_ and ceval_

signatures

       x *needfg
             *needfg *needfg *needfg feval_,
*nobj g
*needfg ceval_, c J points

                                     -d nlc).
funcom_[i] ≤ i ≤ 4 +
                              colstarts = + + 5

and rownos = + + + i (with i J[j] for

colstarts[i − 1] − 1 ≤ j ≤ colstarts[i] −

                    boundc_
            boundc_[0] ∞ ;

                        x0comn_.

The -f nlc feval_ and ceval_;

and

where colrow densej *

                                   feval and ceval first.)
                           nlc feval0_ and ceval0_ of feval_ and
ceval_

                   -3, nlc -f

tran).

Writing stub.nl AMPL’s write -o stub.nl AMPL stub.nl

                   -obstub
                    write_sol stub.nl
binary_nl stub.sol AMPL
write stub;

-ogstub AMPL stub.nl and stub.sol

With AMPL versions ≥ stub.nl

MATLAB®

AMPL with MATLAB mex stub.nl

stub.sol amplfunc.c
     amplfunc.mex

reads stub.nl

      x
      bl
      bu
      v
      cl
      cu

sets

f xand
c x.

sets

g xand
Jac x.

sets W x

calls write_sol(msg,x,v,0) stub.sol

      msg

                        .m
examples

• init.m pname stub stub.nl, minimize f(x) c(x) = 0 and d(x) ≥ 0.

                   init.m x yields d(x) >
of init.m

• evalf.m . • evalg.m and

c and d.

• evalw.m y and z

c(x) = 0 and d(x) ≥ 0, respectively.

• enewt.m evalf.m, evalg.m and evalw.m

• savesol.m stub.sol AMPL session.

• hs100.amp AMPL • hs100.nl hs100.amp MATLAB

      init
      enewt
      savesol

    Amplfunc.c spamfunc.c

spamfunc amplfunc spamfunc .m files.

AMPL

                               AMPL -AMPL
                                                  nl21.c turns dn2gb
                 -AMPL write_sol

An AMPL _options

AMPL

wondersol $wondersol_options
wondersol_options

                                  msg write_sol

AMPL write_sol’s msg

                                                             need_nl (i.e.,
asl->i.need_nl_ write_sol

             stub.sol

printf
                                 need_nl

Conventionally, $solver_options

                                $solver_options
        $solver_options
                 getstub, getopts getstops

Type Option_Info getstub.h

                                  ...

Function getstub *pargv stub

        -’’; getstub
                   oi->options ’-?’
                           oi->sname ’-=’
                            -v
oi->version amplsolver.a ASLdate_ASL
asl.h oi->want_funcadd -u

stub, getstub checks

-AMPL amplflag

*pargv stub -AMPL and

stub stub. Function getopts $solver_options

            oi->opname solver_options
Getopts getstub jac0dim

                 getstops calls getstub and getopts stub

                      keyword getstub.h:

          };

Array oi->keywds describes oi->n_keywds $solver_options

keyword strcmp name
                       oi->options
                                        oi->n_options desc
keyword -= command-line
       desc = desc
            -= kf
                           oi (the Option_Info getstub kw
    keyword value
                    kf kw->info
              value getopts
                   need_nl kf

                amplsolver.a
                                        getstub.h
nkeywds n_keywds Option_Info keyword declara-

                                               info (Char*)
(char*) (void*)
KW getstub.h tnmain.c keywds dec-

                 CK_val
                 C_val
                 DA_val
                 DK_val
                 DU_val
                 D_val
                 IA_val
                 IK0_val
                 IK1_val
                 IK_val
                 IU_val
                 I_val
                 LK_val
                 LU_val
                 L_val
                 SU_val
                 Ver_val
                 WS_val _Info

                                          getstub.h.

                                        netlib’s ampl/solvers
                                                                keywds.c,
rvmsg.c and rvmsg.h
                   minos and npsol
                      oi->kwf getopts
                      oi->keywds
               oi->kwf minos
                     oi->feq
ampl/solvers/minos/m55.c Option_Info
            oi->kwf and oi->feq.
                  outlev $solver_options

              maxit
               -AMPL wantsol=n n

                              .sol file,

                      WS_val wantsol
write_sol WS_desc_ASL and WSu_desc_ASL wantsol

netlib.

Stderr

AMPL

                               printf and fprintf
                                          sprintf
                  amplsolver.a printf, fprintf, sprintf,
vfprintf and vsprintf

the L AMPL %.0g and

%.0G

solvers/makefile printf
                                   stderr stderr.
                  stderr
                                           amplsolver.a

                        stderr or stdout
Stderr stderr

    An AMPL msg write_sol
              $objective_precision g_fmtop and
obj_prec

            * %.*g, obj_prec returns $objective_precision.
                            g_fmtop
     buf AMPL
                                        buf nl21.c
     g_fmtop Sprintf in amplsolver.a
                 sprintf
                    Sprintf sprintf
stderr sprintf Sprintf sprintf

understands %c, %d, %ld %s

               g_fmtop amplsolver.a are

g_fmtp prec prec buf
                             v
              g_fmt(buf,v) = g_fmtp(buf,v,0).
                                    g_fmtop

                    asl.h g_fmt_E is ’e’.
            g_fmtop

         asl.h v
g_fmt_decpt v nlc

                                         solvers/examples
tnmain.c LMQN and LMQNBC
                                                            tnmain.c calls
getstub tn

             mng.c and nl2.c mng and nl2
       mng1 and nl21 mng1.c and nl21.c
keywds.c, rvmsg.c and rvmsg.h

elaborate msg to write_sol solvers/examples/makefile

mng1, mng

File mnh.c mng.c duthes to solver mnh PORT routine dmnhb

                                                              mnh

                 stddev=1 in $mnh_options
        stddev_file=filename

      http://netlib.bell-labs.com/netlib/ampl/solvers/

      ftp://netlib.bell-labs.com/netlib/ampl/solvers/README.gz

                                                         ASL
                           ASL pointer asl

      ASL_free(&asl);

          asl ASL_free
M1alloc Malloc realloc or free.
                                     ASL amplsolver.a
with #define
ACQUIRE_DTOA_LOCK(n) and FREE_DTOA_LOCK(n)
                         n arith.h

‘‘

                    ACQUIRE_DTOA_LOCK(n) and FREE_DTOA_LOCK(n)
arith.h amplsolver.a make
                                             ASL

same X ASL structure

Acknowledgment

ments.

REFERENCES

ONN OULD, AND PH OINT,

ENNIS R AY, AND ELSCH

rithm,’’ 7

ENNIS R AY, AND ELSCH 7 ELDMAN AY AIMONE, AND CHRYER

OBERT FOURER AVID AY, AND BRIAN ERNIGHAN,

AY 9 AY

AY NJ. AY

AY

PH OINT

PH OINT 39 CHITTKOWSKI, Springer-

URTAGH

ASH 21 (1984),

ASH

H OINT

netlib AMPL • • • AMPL

_ASL (for AMPL/Solver Library).

• solver_options

• #include files: jacdim.h asl.h or

getstub.h asl.h).

• stub.nl AMPL

• Function funcadd

          addfunc

  • funcadd
funcadd0.c amplsolver.a

            asl.h provides #define
                                 jacdim.h asl.h

      #include line.