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forall (jin 1..NJ) SUM(t in1..NT D(j)+1) t*delta(j,t)=s(j)

declarations

Modeling with Xpress-MP

NT = 36; NF=6; NP =10 ! Time periods; factories; products
T=1.NT;F=1.NF; P=1..NP ! Useful ranges
MXMK: array(F) of real I Areal table

YES: array(F,T) of Boolean ...

make: array(P,F, T) of mpvar ! Decision variables

open: array(F,T) of mpvar

end-declarations

I Here come some constraints
Profit= SUM(pin P, fin F, tin T) MCOST(p, f)*make(p, f, t)
forall (fin F, tin T) SUM(p in P) make(p, f, t)<= MXMK(f)*open(f, t)
forall(fin F, tin T | YES(f,t)>0) open(f,t) is_binary
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for(j=0; j<NJ; j++) {
ctr = XPRBnewctr(prob, "C3", XPRB_E);
for(t=0; t<(NT D[j]+1); t++)
XPRBaddterm(ctr, deltafj][t], t+1);

XPRBaddterm(ctr, s[jl, 1);
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XOSL Mosel

Xpress-Optimizer

23 !

int XPRSloadglobal ( XPRSprob prob, char *probname, int ncol, int nrow, char *qrtype, double *rhs,
double *range, double *obj, int *mstart, int *mnel, int *mrwind, double *dmatval, double *dlb,
double *dub, int ngents, int nsets, char *qgtype, int *mgcols, double *dlim, char *gstype, int
*msstart, int *mscols,

double *dref);

prob problem pointer

probname name for the problem

ncol number of structural columns (variables)

nrow number of rows (constraints)

grtype row types (equality, less-than-or-equal-to, etc)

rhs RHS coefficients of the rows

range range values for range rows

obj objective function coefficients

mstart offsets in the mrwind and dmatval arrays of the start of the elements

for each column

mnel number of elements (i.e., coefficients of the variables) for each column
mrwind row indices for the elements in each column

dmatval element values

dib lower bounds on the columns
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upper bounds on the columns

number of binary, integer, semi-continuous and partial integer
variables

number of special ordered sets (S1 and S2)

integer variable types (binary, integer, etc)

column indices of the integer variables

bounds for the partial integer variables and semi-continuous variables
Special Ordered Set types (S1, S2)

offsets into the mscols and dref arrays indicating the start of the sets
the columns in each set

reference row entries for each member of the sets
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Dash Optimization Modeling with Xpress-MP

A Complete Model

Mosel
Mosel

model sched

uses "mmxprs" I Xpress-Optimizer is used

declarations

NJ=4;NT=10 I Number of jobs / time limit

J=1.NJ; T=1..NT I Useful ranges

D: array(J) of integer I Table for durations of jobs

s: array(J) of mpvar | Start times of jobs

delta: array(J,T) of mpvar ! Binaries for start times

Z: mpvar I Maximum completion time (makespan)

end-declarations

D::[3, 4,2, 2] ! Durations of jobs

forall(j in J) s(j) <= NT D(j)+1 ! Interval for start times

forall(jin J, tin 1..NT D(j)+1) delta(j,t) is_binary ! Binaries

I The constraints
forall(j in J) do
I Calculate maximum completion time of all jobs
C1(j):= z >= D(j) + s(j)
! Relation linking start times of jobs with corresponding binaries
C3(j):= SUM(t in 1..NT D(j)+1) t*delta(j,t) = s(j)
! One start time for each job
C4(j):= SUM(t in 1..NT D(j)+1) delta(j,t) = 1

end-do

I Precedence relation between two pairs of two jobs

C2_31:=s(3) >=D(1) + s(1) ! 3 must follow 1
C2_41:=s(4) >=D(1) + s(1) ! 4 must follow 1
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I Objective function to be minimized

minimize(z)

writeln(" Min makespan is ", getobjval)

forall(j in J) writeln(" Job ", j, " starts at time ", getsol(s(j)))

end-model

Mosel Runtime
Mosel C
MIP

sched.bim

#include <stdio.h>

#include "xprm_rt.h"

int main(int argc, char **argv)
{
XPRMmodel mod;
XPRMalltypes rvalue;
XPRMarray varr, darr;
XPRMmpvar s;
int indices[1], result, nt, t, D;

XPRMinit( ); [* Initialize Mosel */

mod=XPRMloadmod("sched.bim", NULL); /* Load a BIM file */

XPRMrunmod(mod, &result, NULL); /* Run & optimize the model */

printf("¥nMinimum makespan %g¥n", XPRMgetobjval(mod));

XPRMfindident(mod, "s", &rvalue); [* Get the model object 's' */

varr = rvalue.array;

XPRMfindident(mod, "D", &rvalue) /* Get the model object 'D' */

darr = rvalue.array;

XPRMfindident(mod, "NT", &rvalue); [* Get the model object 'NT' */

11



Dash Optimization Modeling with Xpress-MP

nt = rvalue.integer;

/* Print a little bar chart */

printf("Job Time:1234567890¥n");

XPRMgetfirstarrentry(varr, indices); /* Get 1st entry of array varr */
do

{
XPRMgetarrval(varr,indices,&s); [* Get a variable from varr */
XPRMgetarrval(darr,indices,&D) /* Get corresponding duration */

printf(" %d ", indices[0]);
for(t=1; t < nt; t++)
printf("%s", (t >= XPRMgetvsol(mod,s) && t < XPRMgetvsol(mod,s)+D) ?

R ..).

printf(" (Start/Duration %g/%d)¥n", XPRMgetvsol(mod,s), D);
} while('XPRMgetnextarrentry(varr, indices));

return O;

(NJ, NT) table D)

Java

import com.dashoptimization.*;
public class runsched
{
public static void main(String[ ] args) throws Exception
{
XPRM mosel,
XPRMModel mod;
XPRMArray varr, darr;
XPRMMPVar s;
int[ ] indices;

intnt, t, D;

12
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mosel = new XPRM(); /I Initialize Mosel
mod = mosel.loadModel("sched.bim"); /I Load a bim file
mod.run( ); /l Run & optimize the model

if(mod.getProblemStatus( )!'=mod.PB_OPTIMAL)

System.exit(1); /I Stop if no solution found

System.out.printin("Minimum makespan " + mod.getObjectiveValue( ));

varr=(XPRMArray)mod.findldentifier("s"); /I Get the model object 's’
darr=(XPRMArray)mod.findldentifier("D"); /I Get the model object 'D'
nt=((XPRMConstant)mod.findldentifier("NT")).asInteger( );

/I Get the model object 'NT'
/I Print a little bar chart
System.out.printin("Job Time:1234567890");

indices = varr.getFirstindex( ); // Get 1st entry of array varr

do
{
s = varr.get(indices).asMPVar( ); /I Get a variable from varr
D = darr.getAsinteger(indices); /I Get corresponding duration
System.out.print(" " + indices[0] + " ");

for(t=1; t < nt; t++)
System.out.print((t >= s.getSolution( ) && t < s.getSolution( )+D) ?
ngn : " n);

System.out.printin(" (Start/Duration " + s.getSolution( ) + /" + D +
"))

} while(varr.nextindex(indices)); // Get the next index

BCL from C
BCL
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#include <stdio.h>

#include "xprb.h"

#define NJ 4 /* Number of jobs */

#define NT 10 [* Time limit */

int D[NJ] ={3, 4, 2, 2}; /* Durations of jobs */

XPRBvar s[NJJ; /* Start times of jobs */

XPRBvar delta[NJ][NT]; [* Binaries for start times */

XPRBvar z; [* Maximum completion time (makespan) */
XPRBprob p; [* A problem */

void model(void); /* The BCL model */

void solve(void); /* Solving and solution printing */

int main(int argc, char **argv)

{
model(); [* Formulation */
solve( ); /* Solve and print solution */
return O;
}
void model(void) /* BCL formulation */
{
XPRBctr ctr;
intj, t;
p = XPRBnewprob("Jobs"); /* Initialize BCL & create a new problem */

[**** Create variables ****/
for(j = 0; j < NJ; j++)
s[j] = XPRBnewvar(p, XPRB_PL, XPRBnewname("s_%d",j+1), 0, NT D[j]+1);

z = XPRBnewvar(p, XPRB_PL, "z", 0, NT);
for(j = 0; j < NJ; j++)

14
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for(t=0; t<NT D[jJ+1; t++)
delta[jl[t]=XPRBnewvar(p, XPRB_BV, XPRBnewname("delta_%d%d",j+1,t+1),
0, 1);
[**** Constraints ****/
/* Calculate maximum completion time of all jobs */
for(j = 0; j < NJ; j++)
{
ctr = XPRBnewctr(p, XPRBnewname("C1_%d",j), XPRB_G);
XPRBaddterm(ctr, z, 1);
XPRBaddterm(ctr, s[j], 1);
XPRBaddterm(ctr, NULL, D[j]);

/* Precedence relations between two pairs of jobs */
/* C2_31: 3 must follow 1 */
ctr = XPRBnewctr(p, "C2_31", XPRB_G);
XPRBaddterm(ctr, s[2], 1);
XPRBaddterm(ctr, s[0], 1);
XPRBaddterm(ctr, NULL, D[0]);

/* C2_41: 4 must follow 1 */
ctr = XPRBnewctr(p, "C2_41", XPRB_G);
XPRBaddterm(ctr, s[3], 1);
XPRBaddterm(ctr, s[0], 1);
XPRBaddterm(ctr, NULL, D[0]);

/* Relation linking start time of jobs with corresponding binary */
for(j=0; ] <NJ; j++)
{
ctr = XPRBnewctr(p, XPRBnewname('C3_%d", j+1), XPRB_E);
for(t=0;t<NT DJ[j]+1; t++) XPRBaddterm(ctr, delta[j][t], t+1);
XPRBaddterm(ctr, s[j], 1);
}

/* One start time for each job */
for(j = 0; ] < NJ; j++)
{

15
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ctr = XPRBnewctr(p, XPRBnewname("C4_%d",j+1), XPRB_E);
for(t=0;t < NT D[j]+1; t++) XPRBaddterm(ctr, delta[j][t], 1);
XPRBaddterm(ctr, NULL, 1);
}
[**** Objective ***/
ctr = XPRBnewctr(p, "MINIM", XPRB_N);
XPRBaddterm(ctr, z, 1);
XPRBsetobj(p, ctr); [* Select objective function */
}

void solve(void)

{

int statmip, j;

XPRBsetsense(p, XPRB_MINIM);
XPRBsolve(p, "g"); /* Solve the problem as MIP */

statmip = XPRBgetmipstat(p); [* Get the MIP problem status */

if((statmip == XPRB_MIP_SOLUTION) || (statmip == XPRB_MIP_OPTIMAL))
{ /* An integer solution has been found */
printf(" Min makespan is %g¥n", XPRBgetobjval(p));
for(j = 0; j < NJ; j++) /* Print solution for all start times */
printf(" %s starts at time %g¥n", XPRBgetvarname(s[j]),
XPRBgetsol(s[j]));

BCL from C++

#include <iostream>

#include "xprb_cpp.h"

using namespace std;

using namespace ::dashoptimization;

#define NJ 4 /* Number of jobs */

#define NT 10 /* Time limit */
/**** DATA ****/
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double D[] ={3,4,2,2}; /* Durations of jobs */

XPRBvar s[NJJ; /* Start times of jobs */

XPRBvar delta[NJ][NT]; [* Binaries for start times */

XPRBvar z; [* Maximum completion time (makespan) */
XPRBsos set[NJ]; [* Sets regrouping start times for jobs */
void model(void); /* Basic model formulation */

void solve(void); /* Solving and solution printing */
XPRBprob p("Jobs"); /* Initialize BCL and a new problem */

int main(int argc, char **argv)

{
model(); [* Problem definition */
solve(); /* Solve and print solution */

return O;

void model()

{
XPRBIIinExp le;

intj, t;

/* Create start time variables */

for(j=0; j<NJ; j++) s[j] = p.newVar("start", XPRB_PL);

z = p.newVar("z",XPRB_PL,0,NT); /* Declare the makespan variable */

for(j=0; j<NJ; j++) /* Declare binaries for each job */

for(t=0; t<(NT D[j]+1); t++)

delta[j][t] = p.newVar(xbnewname("delta%d%ad",j+1,t+1),XPRB_BV);

[**** Constraints ****/

for(j=0; j<NJ; j++) /* Calculate maximal completion time */

p.newCtr("C1", s[j]+D[j] <= 2);

17
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p.newCtr("C2_31", s[0]+D[0] <= s[2]); /* 3 must follow 1 */
p.newCtr("C2_41", s[0]+D[0] <= s[3]); [* 4 must follow 1 */
for(j=0; j<NJ; j++) [* Linking start times and binaries */
{
le =0;

for(t=0; t<(NT  D[j+1); t++) le += (t+1)*delta[j][t];
p.newCtr(xbnewname("C3_%d" j+1), le == s[j]);
}

for(j=0; j<NJ; j++) /* One start time for each job */

for(t=0; t<(NT D[j]+1); t++) le += delta[j][t];
p.newCtr(xbnewname('C4_%d",j+1), le == 1);
}

[**** Objective **+/

p.setObj(p.newCtr("OBJ", z)); /* Define and set objective function */

for(j=0; j<NJ; j++) s[j.setUB(NT  D[j]+1);

[* Upper bnds on start time variables */

/**** Output ****/

p.print(); /* Print out the problem definition */
}
void solve()
{
int statmip, j;
p.setSense(XPRB_MINIM); [* Say we are minimizing */
p.solve('g"); /* Solve the problem as a MIP */
statmip = p.getMIPStat( ); /* Get the MIP problem status */

if((statmip == XPRB_MIP_SOLUTION) || (statmip == XPRB_MIP_OPTIMAL))
{

18
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cout << " Min makespan is " << p.getObjVal( ) << endl;
for(j=0; j<NJ; j++) /* Print solution for all start times */

cout << s[j].getName( ) << ": " << s[j].getSol( ) << endl;

BCL from Java
Java

import com.dashoptimization.*;

public class schedjava

{
static final int NJ = 4; /* Number of jobs */
static final int NT = 10; [* Time limit */
static final double[ ] D ={3,4,2,2}; /* Durations of jobs */
static XPRBvar[ ] s; [* Start times of jobs */
static XPRBvar[ ][ ] delta; /* Binaries for start times */
static XPRBvar z; [* Maximum completion time (makespan) */
static XPRBprob p; /* A problem */

static void model()

{
XPRBIINnExp le;

intj, t;

s = new XPRBvar[NJ]; [* Create start time variables */

for j=0; j<NJ; j++) s[j] = p.newVar("start", XPRB.PL);

z = p.newVar("z",XPRB.PL,0,NT); [* Declare the makespan variable */

delta = new XPRBvar[NJ][NT];

for(j=0; j<NJ; j++) /* Declare binaries for each job */

for(t=0; t<(NT  D[j]+1); t++)

19
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delta[j][t] = p.newVar("delta"+(j+1)+(t+1), XPRB.BV);

for(j=0; j<NJ; j++) /* Calculate maximal completion time */

p.newCtr("C1", s[jl.add(D[j]).IEql(z) );

[* Prec. rel. betw. 2 pairs of jobs */
p.newCtr("C2_31", s[0].add(D[0]).IEqI(s[2]) );
p.newCtr("C2_41", s[0].add(D[0]).IEqI(s[3]) );

for(j=0; J<NJ; j++) [* Linking start times and binaries */
{
le = new XPRBIinExp( );
for(t=0; t<(NT DI[j]+1); t++) le.add(delta[j][t]. mul((t+1)));
p.newCtr("C3_"+(j+1), le.eql(s[j]) );
}

for(j=0; j<NJ; j++) /* One start time for each job */

{
le = new XPRBIIinExp();
for(t=0; t<(NT D[j]+1); t++) le.add(delta[j][t]);
p.newCtr("C4_"+(j+1), le.eql(1));

}

p.setObj(z); /* Define and set objective function */

for(j=0; j<NJ; j++) s[j].setUB(NT  DI[j]+1);

[* Upper bnds on start time variables */

p.print(); /* Print out the problem definition */

static void solve()

{

int statmip, |, t;

p.setSense(XPRB.MINIM);

20



Dash Optimization Modeling with Xpress-MP

p.solve("g"); [* Solve the problem as MIP */
statmip = p.getMIPStat( ); /* Get the MIP problem status */

if((statmip == XPRB.MIP_SOLUTION) || (statmip == XPRB.MIP_OPTIMAL))

{ /* An integer solution has been found */
System.out.printin("Objective: "+ p.getObjVal( ));
for(j=0;j<NJ;j++) /* Print solution for all start times */

System.out.printin(s[j].getName( ) + ": "+ s[j].getSol());

public static void main(String[ ] args)

{
bcl = new XPRB(); /* Initialize BCL */
p = bcl.newProb("Jobs"); /* Create a new problem */
model(); [* Problem definition */
solve( ); /* Solve and print solution */
}
}
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