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About This Manual

This manual isintended to help customers translate their existing ILOG Optimization
applicationsinto Concert Technology. Each chapter is dedicated to a product and includes
mappings between class names, functions, macros, and type definitionsin the current
versions and their equivalentsin Concert versions.

About Concert Technology

ILOG Concert Technology provides ameans of modeling and solving optimization
problems, enabling you to formulate optimization problemsindependently of the algorithms
that solve the problem. It provides an extendable modeling layer adapted to a variety of

ready-to-use algorithms.

The migration paths to Concert Technology are the following:

Before Concert

Concert Technology

ILOG Solver 4.4 to | ILOG Solver 5.1 + ILOG Concert Technology 1.1
ILOG Scheduler 4.4 to | ILOG Scheduler 5.1

ILOG Disgpatcher 2.1 to | ILOG Dispatcher 3.1

ILOG Configurator 1.0 to | ILOG Configurator 2.1

ILOG Planner 3.3 to | ILOG CPLEX 7.1+ ILOG Concert Technology 1.1

ILOG CONCERT TECHNOLOGY 1.1 — MIGRATION GUIDE



How THIS MANUAL IS ORGANIZED

How this Manual is Organized
Chapter 1, The Benefits of Migrating to Concert Technology, provides a brief overview of
ILOG Concert Technology.

Chapter 2, Migrating from Solver to Concert Technology, explains how to translate
Solver 4.4 code into Solver 5.1 and Concert code.

Chapter 3, Migrating from Scheduler to Concert Technology, explains how to translate
Scheduler 4.4 code into Scheduler 5.1 code that uses Concert Technol ogy.

Chapter 4, Migrating from Dispatcher to Concert Technology, explains how to trandate
Dispatcher 2.1 code into Dispatcher 3.1 code that uses Concert Technology.

Chapter 5, Migrating from Configurator to Concert Technology, explains how to trandate
Configurator 1.0 code into Configurator 2.1 code that uses Concert Technology.

Chapter 6, Migrating from Planner to Concert Technology, explains how to translate
Planner 3.3 code into Concert Technology that uses ILOG CPLEX 7.1.

What you Need to Know

We recommend that you first read the ILOG Concert Technology User’s Manual, as that
manual introduces many of the concepts discussed in this Migration Guide.

Notation and Naming Conventions

0O Throughout this manual, the following typographic conventions apply:
. Samplesof code are writtenin thist ypef ace.
. Important ideas are emphasized like this.

O Throughout this manual, the following naming conventions apply:

The names of types, classes, and functions defined in the Concert Technology library
beginwith 11 o.
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RELATED DOCUMENTATION

Related Documentation
O ILOG Concert Technology User’s Manual explains how to use Concert Technology by
walking through examples.

0O ILOG Concert Technology Reference Manual documents C++ classes for representing
models as well as the base classes for implementing algorithms.

0O Each of the products mentioned in this guide (ILOG Solver, Scheduler, Dispatcher,
Configurator, and CPLEX) is accompanied by its own reference and user’s manuals.
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The Benefits of Migrating to
Concert Technology

ILOG Concert Technology provides a set of lightweight C++ objects for representing
optimization problems. It isincluded as part of ILOG Solver and ILOG CPLEX.

ILOG Scheduler, ILOG Dispatcher, and ILOG Configurator, as extensions of ILOG Solver,
are also based on Concert Technol ogy.

Optimization models are separated from the algorithms that are used to find solutions. This
allows problems to be decomposed into subproblems so that different algorithms can be
applied to separate parts of a large scale problem, and makes it easy to experiment with
different algorithmic strategies for the same problem. Concert Technology sets the
foundation for the current and future versions of the ILOG Optimization Suite by providing
aunifying C++ API for all ILOG optimization products.
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Users of ILOG Solver and the other ILOG optimization products that depend on ILOG
Solver will see the following benefits:

0O Solution Decomposition

Because models are separate from the search algorithms that solve the models, it is easy
to try different algorithms applied to the same model, in order to find the best algorithm
for aparticular problem. Model/a gorithm separation also alows:

. changing aproblem so that a domain of a variable expands
. relaxing part of an infeasible problem in order to find a solution.
O Multiphase Search

It isnow easier to split a problem into smaller parts, write separate algorithms for each
part, and store solutions for the individual parts.

0O Cooperation
The Concert framework facilitates:

. Automatic model extraction. A constraint programming (CP) or linear programming
(LP) model can be automatically extracted and passed to the corresponding solver.

. Solver cooperation. Other algorithms can cooperate with constraint programming
techniques.

. Nonlinear problem solving. The Numerica domain reduction agorithms can be
applied to a nonlinear problem over real variables.

. Local search: Thisisnow apart of ILOG Solver.

Users of ILOG Planner and ILOG CPLEX will see the following benefits:

0O Thetime and memory required to instantiate a mathematical program is significantly
reduced when using ILOG Concert Technology with ILOG CPLEX 7.1 in comparison
with using ILOG Planner 3.3.

O A complete C++ API for problem modifications is provided, including adding and
deleting variables and constraints, as well as modifications of individual coefficients.
Thisalows, for example, column generation techniques to be easily implemented.

O For hybrid optimization, it is now much easier to extract the linear part of a model and
treat the linear part as asingle global constraint. Therefore the benefits listed for users of
ILOG Solver apply to users who combine ILOG CPLEX and ILOG Solver.
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Migrating from Solver to Concert
Technology

19A|0S ‘2

Details of the new features and major changesin ILOG Solver 5.1 appear in the
ILOG Solver 5.1 Release Notes. This chapter aims to show the impact of these changes by
comparing Solver 4.4 code and Solver 5.1 code.

Concert Technology provides the following features for Solver users:
clean separation of model and agorithm

new data types

change in the life-cycle of an agorithm

wrapping of Solver 4.4 code

re-implementation of search techniques

o 0o o o o g

separation of goals from demons and constraints.

We recommend that you read the ILOG Concert Technology User’'s Manual, asit introduces
many of the concepts discussed in this chapter.
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A BRIEF INTRODUCTION TO CONCERT TECHNOLOGY

A Brief Introduction to Concert Technology

This section outlines the following mgjor featuresin Solver 5.1 and Concert Technol ogy:
O clean separation of model and algorithm

O new datatypes

O changeinthelife-cycle of an agorithm.

It also summarizes the steps involved in migrating from ILOG Solver 4.4 to
ILOG Solver 5.1 with ILOG Concert Technology 1.1.

Clear Distinction Between Model and Algorithm

In Solver 4.4, the model (stating the problem to solve) and the algorithm (solving the
problem) were part of the same structure. The objects (variables, constraints, goals) were
common to both.

Concert Technology introduces a model which is separate from the Solver algorithm that
will solveit. Thismodel isfilled with objects whose names are prefixed with | | 0. The
model is then extracted by the Solver agorithm, which trandlatesit into Solver objects that
are solved by the Solver algorithm. The class| | oSol ver in Solver 5.1 is derived from the
Concert class | | oAl gori t hm Solver objects are prefixed with 1 | c.

This new structure has two consequences.

0O Theagorithm hasasimple solving API but not amodel-stating one. For instance, Solver
will not be used to create a variable in the modeling layer.

0O Changesto the model are not made to the Solver objects; rather, changes are made to the
model objects. Theinstance of | | 0Sol ver that has extracted the model isthen informed
of these changes.

New Data Types

We see that there are now two objects attached to each notion that was present in Solver 4.4.
For instance, thereisan | | ol nt Var andan || cl ntVar.| ol nt Var isthe model object,
I'l cl ntVar isthe Solver object. Both represent an integer variable.
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How To TRANSLATE A PROGRAM FROM SOLVER 4.4 TO SOLVER 5.1

The Life Cycle of an Algorithm

Thelifecycleof thel | oSol ver classisdlightly different from the life cycle of the
Il cManager class. Infact, I | cManager has been split into two classes:

O 11 oEnv, to create model objects
O 11 o0Sol ver, to solve amodel.

Thus, in asimple case, we create an instance of | | oEnv and state the problem with it. Then
we createan | | oSol ver, extract the model and solveit. This processisillustrated in the
section Wkapping Existing Solver Code, on page 18.

How to Translate a Program from Solver 4.4 to Solver 5.1

This section of the guide outlines the major steps in migrating from ILOG Solver 4.4 to
ILOG Solver 5.1 with ILOG Concert Technology 1.1. (The following sections provide
examples that follow the steps of this outline in greater detail.)

19A|0S ‘2

1. Create the environment (an instance of | | oEnv, documented in the ILOG Concert
Technol ogy Reference Manual).

2. Create the model (an instance of 1 | ovbdel , also documented in the ILOG Concert
Technol ogy Reference Manual).

3. Trandlate problem datainto appropriate ILOG Concert Technology types. For example,
valuesof | | cFl oat becomel | oNum; valuesof I | cl nt becomel | ol nt , and so forth.
Likewise, arraysof | | cFl oat Arr ay become arrays of | | oNumar r ay.

4. Translate constrained variables from your old application to ILOG Concert Technology
variables or to ILOG Scheduler 5.1 variables. For example, I | ¢l nt Var becomes
Il ol ntVar and I | cFl oat Var becones | | oNunVvar (documented in the ILOG
Concert Technology Reference Manual).

5. Wrap the old Solver 4.4 congtraints (instances of I | cConst r ai nt or its subclasses).
6. Add the wrapped constraints to the model.

7. If there are search goalsin your old application, wrap the old Solver 4.4 goals (instances
of I | cGoal or its subclasses) as shown in the section Translating Search Code, on page
23.

8. Create the solver (aninstance of | | 0Sol ver) and its goal. The solve function will
automatically extract the model and solve it with the goal given as argument.

9. Translate the search code from your old application according to the steps outlined in the
section Translating Search Code, on page 23.

ILOG CONCERT TECHNOLOGY 1.1 — MIGRATION GUIDE 17



WRAPPING EXISTING SOLVER CODE

Wrapping Existing Solver Code
In this section, examples are provided to show how Solver 4.4 codeis wrapped in Concert
code.
0O The simple Pheasant example is tranglated from Solver 4.4 to Solver 5.1.
0 User-defined constraints are wrapped.
0 User-defined goals are wrapped.

Translating the Pheasant Example

This section uses the simple Pheasant example to show how Solver 4.4 code is trand ated
into Solver 5.1 code.

The code of the Pheasant example from Solver 4.4
#i ncl ude <ilsolver/ilcint.h>

int main(){
I'l cManager n(llcEdit);

/1 define two constrained variables ranging fromO to 100
Il clntVar nbRabbits(m 0, 100), nbPheasants(m 0, 100);

/] set up the constraint on the nunber of heads
m add( 20 == nbRabbits + nbPheasants );

/] set up the constraint on the nunber of |egs
m add( 56 == 4*nbRabbits + 2*nbPheasants );

/1 post and propagate constraints
m next Sol ution();

// print solution
mout () << "Rabbits: " << nbRabbits << endl;
mout () << "Pheasants: " << nbPheasants << endl|;

Il release the resources of the nanager
m end() ;

return O;

}
Code Sample 2.1 The Pheasant Example from Solver 4.4
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WRAPPING EXISTING SOLVER CODE

The code of the Pheasant example asit isin Solver 5.1
#i ncl ude <il sol ver/ilosol ver. h>

int main(int argc, char **argv) {
Il oEnv env;

try {
I I oMbdel nodel (env);

/1 define two constrained variables ranging fromO to 100
Il ol ntVar nbRabbits(env, 0, 100);
Il ol ntVar nbPheasants(env, 0, 100);

/] set up the constraint on the nunber of heads
nodel . add( nbRabbi ts + nbPheasants == 20);

/] set up the constraint on the nunber of |egs
nodel . add(4*nbRabbi ts + 2*nbPheasants == 56);

n
w
=
<
®
@

I/ create the solver and extract the nodel
Il oSol ver sol ver (nodel );

/1 solve the problem
sol ver. sol ve();

// print solution

solver.out() << "Rabbits: " << sol ver. get Val ue(nbRabbi ts) << endl;
sol ver.out () << "Pheasants: " << sol ver. getVal ue(nbPheasants) << endl;
}
catch (Il oException& ex) {
cerr << "Error: " << ex << endl;
}
/] release the resources of the env and on the sol ver
env. end();
return O;

}
Code Sample 2.2  Translation of the Pheasant Examplein Solver 5.1
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WRAPPING EXISTING SOLVER CODE

Wrapping User-Defined Constraints

Use the | LOCPCONSTRAI NTWRAPPER macro to wrap the existing I | cConst rai nt in
Concert model objects. An | | cConst rai nt iswrappedinan| | oConstrai nt then
extracted, by Solver, from the model and then put back inthe I | cConstrai nt.

The following code:

| LOCPCONSTRAI NTVWRAPPERL( | | oFr eqConstrai nt, sol ver, |loNunVarArray, _vars) {
use(sol ver, _vars);
return Il cFregConstraint(solver, solver.getlntVarArray(_vars));

}
is expanded into:

class Il oFreqConstraintl : public |l oCPConstraintl {
| LOCPCONSTRAI NTWRAPPERDECL

private:
Il oNunVar Array _vars;

public:

Il oFreqConstraintl (Il oEnvl*, const |l oNunVarArray& const char*);
virtual |l oExtractabl el* nmaked one(ll oEnvl*) const;

virtual void display(ostream & out) const;

Il cConstraint extract(const |l oSol ver& const;

h
| LOCPCONSTRAI NTVRAPPERI MPL( | | oFreqConstraintl);

Il oFreqConstraintl:: 1l oFreqConstraintl (Il oEnvl* env,
const I|loNunVarArray& T_vars,
const char* nane)
Il oCPConstraint!l (env, nane), _vars ((IloNunVarArray& T _vars) {}

Il oExtractabl el * Il oFreqConstraintl::naked one(lloEnvl* env) const {
Il oNunVar Array targl = Il oGet d one(env, _vars);
return new (env) |loFreqConstraintl (env,
(const Il oNumvarArray &targl,
(const char*)0);

void |l oFreqConstraintl::display(ostream& out) const {
out << "lloFreqConstraintl" << " (";
if (getName()) out << getNane();
el se out << getld(); out << ")" << endl;
out << " " << " vars" << " " << _vars << endl;
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WRAPPING EXISTING SOLVER CODE

Il oConstraint |loFreqConstraint(lloEnv env,
Il oNunVar Array _vars,
const char* nanme=0) {
return new (env) |loFreqConstraintl(env.getlnpl (), _vars, nane);

}

Il cConstraint |loFreqConstraintl::extract(const |l oSolveré& solver) const {
use(sol ver, _vars);
return Il cFregConstraint(sol ver, solver.getlntVarArray(_vars));

}

Wrapping User-Defined Goals

In Solver 5.1, given an instance of the class | | oGoal , the member function

Il oSol ver: : extract will create aninstance of I | cGoal for useinternally by Solver. In
that context, an instance of | | cGoal inan existing Solver 4.4 application needsto be
wrapped. You must define the virtual member function | | oGoal : : extract sothat it
acceptsan instance of I | 0Sol ver and returns and instance of | | cGoal .

19A|0S ‘2

The following steps show how thegoa | | cl nstantiate(ll cl ntVar) iswrappedina
Concert model object:

1. Create asubclassof theclass| | oGoal | .

class IlolntInstantiatel : public IloGoall {
Il oNunVarl* _var;

public:
IlolntInstantiatel (Il oEnvl*, |loNunVarl*);
virtual |l cGoal extract(const |loSolver) const;

virtual |1 oGoall* nmaked one(lloEnvl* env) const;
virtual void display(lLOSTD(ostrean®&)) const;

}s
2. Write the constructor.

IlolntInstantiatel::I1lolntlnstantiatel (Il oEnvl* e,
Il oNunVar | * v) :
Il oGoal I (e), _var(v) {}

3. Write the member functions raked one and di spl ay.

IloGoal I * Ilolntlnstantiatel:: makeC one(ll oEnvl* env) const {
return new(env) llolntlnstantiatel(env, (IloNunVarl*)_var->nmakeCd one(env));

}

void llolntlnstantiatel::display(ostream& str) const {
str << "llolntlnstantiatel (" << _var << ")";

}
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WRAPPING EXISTING SOLVER CODE

4, Write the critical member function ext r act .

IlcGoal Ilolntlnstantiatel::extract(const IloSolver solver) const {
Il cGoal goal;

/Il Check if the variable is integer
if (solver.islnteger(_var)) {

/1 Get the corresponding algorithm c objects
Il clntVar svar = sol ver.getlntVar(_var);

/1 Return the Il cGoal

goal = llclnstantiate(solver, svar);

}

el se {
char* nmsg = (char*)"The variable given to Ilolnstantiate shoul d be typed integer";
throw |1 oSol ver: : Vari abl eShoul dBel nt eger (nsg) ;

}

return goal;

}
5. Write the function that builds the instance of | | oGoal .

Il oGoal I|lolnstantiate(const |loEnv env, const |loNunVar v) {
return new (env) Ilolntlnstantiatel (env.getlnpl(), v.getlnmpl());

}
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TRANSLATING SEARCH CODE

Translating Search Code

In this section, we illustrate how simple search techniques are re-implemented using the
model-algorithm paradigm introduced in Solver 5.1 with Concert Technology.

Basic Search Technigques

We suppose we have a common program that creates an instance of the class| | oEnv,
creates with it an instance of the class1 | oMbdel named nodel , and fills it with variables
and constraints. We can now write small code samples that implement basic search
techniques.

To Find One solution

Create a solver with the model and ask it to solve the problem. Here we ask for the first
solution.

Solver 4.4 code

I'l cManager n(lIcEdit);
// | oad problem

n
w
=
<
®
@

m add(nyl | cCoal );

if (mnextSolution()) {

sol ver.out () << "Found one sol ution" << endl;
}
el se {

sol ver.out() << "No Solutions" << endl;

}
Solver 5.1 code

11 oEnv env;
Il oMbdel nodel (env);
// | oad problem

Il oSol ver sol ver (nodel);
if (solver.solve(nylloGoal)) {
sol ver.out () << "Found one solution" << endl;

}
el se {

sol ver.out() << "No Solutions" << endl;
}
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TRANSLATING SEARCH CODE

24

To Find the Optimal Solution
Solver 4.4 code

I'l cManager m(l1cEdit);
/1 1oad problem

m add(nyl | cCoal );

Il cBool result = IlcFal se;
while (mnextSolution()) {
result = IlcTrue;

if (result) {
mrestart();
m next Sol ution();
mout () << "Found an optinal solution" << endl;

}
el se {

mout () << "No Sol utions" << endl;
}

Solver 5.1 code with an Objective

To find the optimal solution, we use an instance of the class | | oObj ect i ve to specify an
objective to minimize or to maximize. Thefunction| | oM ni ni ze returns an instance of the
class| | oj ecti ve. In the following code sample, we assume ny| | oGoal isawrapper
around ny| | cGoal . Given an objective variable obj , we write the following code:

Il oEnv env;
Il oMbdel nodel (env);
/1 1oad problem

nmodel . add( Il oM ni m ze(obj));
Il oSol ver sol ver (nodel);
if (solver.solve(nylloGoal)) {
sol ver.out() << "Found one sol ution" << endl;

}
el se {

solver.out() << "No Solutions" << endl;
}
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TRANSLATING SEARCH CODE

Solver 5.1 code with Search
You can do additional things (e.g. print the objective value) at intermediate solutions.

Il oEnv env;
Il oMbdel nodel (env);
/1 1oad problem

nodel . add( Il oM ni m ze(obj));

Il oSol ver sol ver (nodel);

Il oBool result = IloFal se;

sol ver. start NewSear ch(nyl | oGoal );
while (solver.next()) {

env.out() << "(bjective value =" << sol ver.getVal ue(obj) << endl;
result = 110True;
}
if (result) {
sol ver.restart Search(); N
sol ver. next (); %))
sol ver.out() << "Found an optinal solution" << endl; =
} o
el se { -
solver.out() << "No Solutions" << endl;
}

sol ver. endSear ch();
To Iterate Over Solutions

We canasousel | oSol ver: : start NewSear ch and 11 oSol ver : : next to replace code
that contains the call to:

I'l cManager : : next Sol uti on().

Solver 4.4 code

I'l cManager m(l1cEdit);
/1 1oad problem

m add(nyl | cCoal );

while (mnextSolution()) {
sol ver.out () << "Found one sol ution" << endl;
}

Solver 5.1 code

Givenan| | oGoal namednyi | ogoal that wrapsthel | cGoal used inthe program, we can
write:

Il oEnv env;
Il oMbdel nodel (env);
// | oad problem

Il oSol ver sol ver (nodel);
st art NewSear ch sol ver. newSear ch(nyl | oGoal ) ;
while (solver.next()) {

sol ver.out() << "Found one sol ution" << endl;
}
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TRANSLATING SEARCH CODE

sol ve. endSear ch;

Testing a List of Constraints

Hereis a search technique that is useful in an over-constrained problem. In this case, you
have alist of constraints and you want to find a sublist where simple propagation does not
fail.

The following code sample will iterate over thislist and store accepted constraintsin a
second model named st or e to be used |ater.

11 oEnv env;
Il oMbdel nodel (env);

/1 create variables and basic objects

Li st Of Constrai nts nyList;
Li stOf Constraintlterator iter(myList);

Il oMbdel store(env);

Il oSol ver sol ver (nodel);
while (iter.ok()) {
Il oConstraint ¢ = *iter;
i f (solver.propagate(c, |l oSynchronizeAndContinue)) {
store. add(c);
}
++iter;

}

/1 At this point ‘store’ contains a list of constraints that do not fail upon
I/ sinple propagation of the constraints. W can use a second solver to find a
/1 feasible solution.

Il oSol ver sol ver2(store);
if (solver2.solve()) {
sol ver2.out () << "Found one optinal solution" << endl;

}
el se {
sol ver2.out() << "No Solutions" << endl;

}

env. end();
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Multi-Phase Search with Restart

Herewe illustrate how afirst search will help restrict the problem before launching a full
search. We assume we have an objective variable obj and amodel nodel .

Solver 4.4 code

I'l cManager n(lIcEdit);
// 1 oad problem

m add(nyl | cGoal 1) ;

m next Sol ution());
Il clnt objValue = obj.getVal ue();

mrestart();

m add(obj <= obj Val ue);
m set Cbj M n(obj);

m renove(nyl |l cCoal 1);
m add(nyl | cGoal 2);
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whi | e (m next Sol ution())
result = IlcTrue;
mrestart();
m next Sol ution();
mout () << "Found an optinal solution" << endl;

Solver 5.1 code

Il oEnv env;
Il oMbdel nodel (env);
/1 1oad problem

Il oSol ver sol ver (nodel);

/1 W find a first solution
sol ver. sol ve(nyl | oGoal 1);

// W update the nodel
nmodel . add(obj <= sol ver. get Val ue(obj));
nodel . add( Il oM ni m ze(obj));

// we find the optinal solution

sol ver. sol ve(nyl | oCoal 2);
sol ver.out() << "Found an optimal solution" << endl;
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Multi-Phase Search with Continue

Here we illustrate how to rewrite code that searches for one partial solution by means of a
given goal, commits its preliminary results, adds a constraint, and searches for a complete
solution by means of another goal.

Solver 4.4 code

I'l cManager m(l1cEdit);
/1 1oad problem

m add(nyl | cCoal 1) ;

m next Sol ution());
mcommit();

m add(nyl | cConstraint);
m set Cbj M n(obj ) ;

m renove(nyl |l cCoal 1);
m add(nyl | cGoal 2);

whi | e (m next Sol ution())
result = |1cTrue;
mrestart();
m next Sol ution();
mout () << "Found an optinal solution" << endl;

Solver 5.1 code using a solvein thefirst search

Il oEnv env;
Il oMbdel nodel (env);
// | oad problem

Il oSol ver sol ver (nodel);

/1 W find a first solution
sol ver. sol ve(nyl | oGoal 1);

// W update the nodel
nmodel . add(nyl | oConstraint);
nmodel . add( 1| oM ni m ze(obj));

// we find the optinal solution

sol ver. sol ve(nyl | oGoal 2, |1 0oSynchroni zeAndConti nue);
sol ver.out() << "Found an optimal solution" << endl;
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Separation of Goals from Demons and Constraints

In Solver 4.4, 1 | cDenonl derivesfromI | cGoal | and |1 cConstrai nt| derivesfrom
Il cGoal I . The advantage is that you can always pass an instance of | | cConst rai nt |
when aninstance of | | cGoal | isexpected. However, this may a so lead to some confusion.

InSolver 5.1, 1 | cConstrai nt | derivesfromI | cDenonl and 1| cGoal | isseparated.

The advantage of thismethod isthat it is now possible to have a clear separation between the
notion of goal and the notion of constraint. A goal is used to define and control the search
procedure and a constraint is used to perform some domain reductions of variables.

For compatibility with Solver 4.4, it remains possible to pass agoal when aconstraint is
expected. (The converse operation is also possible.)

Solver 4.4 code — part of the synopsisof I | cGoal |, | | cDenonl and || cConstraintl:

class IlcGoall {
Il cGoal I (Il cManagerl *);
Il cCoal | (Il cManager);
virtual |l cGoal execute()=0;
virtual void executeDenon();

b
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class Il cDenonl: public IlcCoall {
public:
|| cDeronl (11 cvanager | * manager) ;
Il cDeronl (11 cManager nanager);
virtual |l cGoal execute();
virtual void executeDenon() =0;

}s

class IlcConstraintl: public IlcGoall {
Il cConstraintl (Il cManagerl*);
Il cConstraintl (Il cManager);
virtual void propagate ()=0;
virtual void post ()=0;
virtual void netaPost (Il cGoall*);

}s
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Solver 5.1 code — part of the synopsisof 11 cGoal |, 11 cDenonl and |11 cConstraintl:

class IlcGoall {
IlcCoal | (Il cManagerl*);
Il cGoal I (Il cManager);
virtual IlcGoal execute()=0;
virtual void propagate();
virtual void netaPostDenon(l| cDenonl*);

b

class Il cDenonl {

public:
Il cDeronl (11 cvanager | * manager, |lcConstraintl* ct=0);
Il cDeronl (11 cManager manager, |lcConstraintl* ct=0);

virtual void propagate()=0; // previously executeDenon
virtual void netaPostDenon( || cDenonl*);

}s

class IlcConstraintl : public IlcDenmonl {
public:
Il cConstraintl (Il cManagerl*);
Il cConstraintl (Il cManager);
virtual |lcGoal execute(); // for conpatibility only.
virtual void propagate ()=0;
virtual void post ()=0;
virtual void netaPostDenon(l| cDenonl*);
virtual void netaPost(llcGoall*); // for conpatibility only

h
There are four main changesin Solver 5.1:

1. Thefunction execut eDenon has been renamed aspr opagat e. Therefore, if you decide
to subclass | | cDenonl yourself (and not use the macro), you should overload the
member function pr opagat e instead of the member function execut eDenon.

For compatibility with Solver 4.4, the | LCDEMON macros have been changed with regard
to this modification. In Solver 5.1 these macros return an instance of | | cDenon instead
of aninstance of I | cGoal and should no longer be used (see point 3).

2. In Solver 5.1 a demon should always be associated with a constraint, and this constraint
must be passed as an argument of the constructor of | | cDeronl . Moreover, instead of
writing code in the execut eDenon function of an | | cDeronl , you should just call a
member function of the associated constraint.

3. New macros, | LCCTDEMON and | LCCTPUSHDEMON, have been introduced in order to
facilitate the creation of | | cDenon. They replace the | LCDEMON macros.

| LCCTDEMONO( nare, | | cCt d ass, | | cFnNane) will define a demon named nane
associated with a constraint which is an instance of theclass| | cCt O ass. The

pr opagat e member function of this demon will contain only the call to function

I I cFnNamre of the constraint ct - >1 | cFnNane.
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Thisis apossible definition:

| LCCTDEMON( MyDenon, MyConstrai nt, fnOf Ct) ;
The demon will be defined by:

MyDenon(ct) ;

where ct must be an instance of MyConst r ai nt .

| LCCTPUSHDEMONO( nare, |1 cCt C ass) will define ademon named nane
associated with a constraint which is an instance of theclass| | cCt d ass. The
pr opagat e member function of the demon will contain only the call to the push
member function of the constraint.

4. New whenVal ue, whenRange, whenDonai n functions have been introduced.

I'l cl nt Exp: : whenVal ue(const || cDenmon denon),

I'l cl nt Exp: : whenRange(const || cDemon denon),

Il cl nt Exp: : whenDonmai n(const || cDenon denon),

Il cFl oat Exp: : whenVal ue(const |1 cDenon denon),

I | cFl oat Exp: : whenRange(const || cDenon denon),
I'l cl nt Set Var : : whenDonai n(const |1 cDenon denon),
I'l cl nt Set Var: : whenVal ue(const |1 cDenon denon) .
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Except for co-routining, these functions should be used instead of the equivalent ones
that take an instance of | | cGoal asaparameter.
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For instance, consider the following Solver 4.4 code:

class IlcLessThanCtl: public IlcConstraintl {

Il x <y
IlclntVar _x;
IlclntVar _y;
public:

Il cLessThanCt| (Il clntVar x, |lclntVar y):
I'l cConstraintl(x.getManager()), _x(x), _y(y){}
Il cBool isViolated() const;
Il cConstraintl* nmakeQpposite() const;
voi d post();
voi d propagate();
voi d nmet aPost (Il cCoal | *);
voi d xPropag();
voi d yPropag();
|

Il cBool IlcLessThanCtl::isViolated() const {
return x.getMn() > y.getMax();
}

IlcConstraintl* |lcLessThanCt|:: makeOpposite() const {
return new (get Manager()) Il cG eaterThanO Equal ToCt (get Manager (), _X, _y);
}

| LCDEMON2( xDeron, |l cl nt Var, x, Il cl ntVar y){
y.setM n(x.getMn()+1);

}

| LCDEMON2(yDenon, | I cl nt Var, x, Il cl nt Var, y){
x. set Max(y. get Max()-1);
}

void |l cLessThanCt|:: post (){
X. whenRange( xDenon(x, y));

y. whenRange(yDenon(x,y));

}

void |l cLessThanCt|: : propagat e(){
y.setMn(x.getMn() +1);

X. set Max(y. get Max() -1);

}

void |l cLessThanCt|: : metaPost (11 cCoal I * ct){
X. whenRange(ct);

y. whenRange(ct);

}
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In Solver 5.1 thiscodeistranslated asfollows:

class IlcLessThanCt|l: public IlcConstraintl {

/Il x <y
IlclntVar _x;
IlclntVar _y;
public:

Il cLessThanCtl (IlclntVar x, llclntVar y):
Il cConstraintl(x.getManager()), _x(x), _y(y){}
Il cBool isViolated() const;
Il cConstraintl* nmakeQpposite() const;
voi d post ();
voi d propagate();
voi d et aPost Denon( 11 cDenonl *); // WARNI NG NEW FUNCTI ON
H

Il cBool IlcLessThanCtl::isViolated() const {
return x.getMn() > y.getMax();
}
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IlcConstraintl* |lcLessThanCt|:: makeOpposite() const {
return new (get Manager()) Il cQ eaterThanO Equal ToQ ( get Manager (), _X, _y);
}

void |l cLessThanCt|:: xPropag(){
y.setMn(x.getMn() +1);
}

| LCCTDEMONO( xDenon, | | cLessThanCt |, xPr opag) ;

void |l cLessThanCt|: : yPropag(){
X. set Max(y. get Max()-1);
}

| LCCTDEMONO( yDenon, | | cLessThanCt |, yPropag) ;

void |l cLessThanCt|:: post (){

X. whenRange( xDenon( get Manager (), this));
y. whenRange(yDenon( get Manager (), this));
}

void |l cLessThanCt|: : propagat e(){
y.setMn(x.getMn() +1);

X. set Max(y. get Max() -1);

}

void |l cLessThanCt|: : metaPost (11 cDermonl * ct){
X. whenRange(ct);

y. whenRange(ct);

}
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Notethat in Solver 4.4 the macro:

| LCDEMON2( xDenon, |l cl nt Var, x, Il cl ntVar y){
y.setM n(x.getMn()+1);
}

generatesa code similar to thefollowing lines:

class xDenonl : public IlcDermonl {
I'lclntVar x;
IlclntVar vy;
public:
xDenonl (1| cManager | * manager, |lclntVar xx, IlclntVar yy):

Il cDenonl (manager), x(xx), y(yy){}
voi d execut eDenon();

}s

voi d xDenonl : : execut eDenon() {
y.setMn(x.getMn() +1);
}

Il cGoal xDermon( |l cManager mllclntVar x, |lclntVar y){
return new (m get Heap()) xDenonl(m getlnpl (), x,y);

}
whereasin Solver 5.1 the macro:
| LCDEMONO( xDenon, | | cLessThanCt |, xPr opag)

generatesa code similar to thefollowing lines:

class xDenonl : public IlcDermonl {
public:
xDeronl (11 cvanager | * nmanager, |lcLessThanCil* ctl):
I | cDeronl (manager, ct){}
voi d propagate();
|
voi d xDenonl : : propagat e() {
((1'lcLessThanCt | *) get Constraintl())->xPropag();
}

Il cDemon xDenon( 1| cManager m |l cLessThanQ | * ct){
return new (m get Heap()) xDeronl(mgetlnpl(),ct);
}

Now we can find out whether or not a demon is a constraint by using the
i sAConst rai nt member function:

Il cBool IlcDenonl::isAConstraint()
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Moreover, we can also find out whether or not a constraint has been created at the top
level (or inagoal) or added by another constraint (or a demon) by using the

get Par ent | member function:

Il cDermonl |1 cConstraintl::getParentl();

This member function returns the constraint itself, if the constraint has been added at the
top level or in agoal. Otherwise, it references the demon/constraint that has added the

constraint.

Obsolete Functions and Classes

A list of obsolete functions and classes, with their replacements, is given in the
ILOG Solver 5.1 Reference Manual.
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Migrating from Scheduler to
Concert Technology

ILOG Scheduler 5.1 is designed to work with ILOG Concert Technology to model and to
solve scheduling and resource allocation problems. The core model in such aproblemis
based upon a set of activities, a set of resources, and the set of scheduling constraints
involving activities and resources. That set of scheduling constraints consists of the temporal
constraints and the resource constraints.

Before you begin trandlating an existing ILOG Scheduler 4.4 application to ILOG Scheduler
5.1, please study Chapter 2, Migrating from Solver to Concert Technology, for details about
migrating to Solver 5.1. See also the ILOG Concert Technology 1.1 Reference Manual,
which contains the C++ classes for representing models as well as the base classes for
implementing algorithms. A basic familiarity with ILOG Concert Technology and with the
new features of ILOG Solver 5.1 are prerequisites to a successful migration from ILOG
Scheduler 4.4 to ILOG Scheduler 5.1.
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How to Translate a Program from Scheduler 4.4 to Scheduler 5.1

This section of the guide outlines the major steps in migrating from ILOG Scheduler 4.4 to
ILOG Scheduler 5.1 with ILOG Concert Technology 1.1. (The following section walks you
through an application following the steps of this outline in greater detail.)

1.

Create the environment (an instance of | | oEnv, documented in the ILOG Concert
Technol ogy Reference Manual).

Create the model (an instance of I | oMbdel , also documented in the ILOG Concert
Technol ogy Reference Manual).

Translate problem data into appropriate ILOG Concert Technology types. For example,
valuesof I | cFl oat becomel | oNum; valuesof I | cl nt becomell ol nt (or || oNum),
and so forth. Likewise, arrays of I | cFl oat Array become arrays of | | oNunAr r ay.

Translate the constrained elements (variables, activities, resources) from your old
application to the corresponding elementsin ILOG Concert Technology or ILOG
Scheduler 5.1. For example, | | cActi vi ty becomes| | oActi vity (documented in the
ILOG Scheduler Reference Manual).

Wrap the old Solver 4.4 constraints (instances of | | cConst r ai nt or its subclasses)
according to the steps outlined in Chapter 2, Migrating from Solver to Concert
Technology of this Migration Guide.

Wrap the old Scheduler 4.4 constraints (e.g., | | cResour ceConstrai nt,
Il cPrecedenceConst rai nt) in the corresponding constraintsin ILOG Concert
Technology (e.g., | | oResour ceConstrai nt, || oPrecedenceConstrai nt).

ThellcAl t ResSet and || cAl t ResConst rai nt instances are replaced by

Il oAl t ResSet and 1| oAl t ResConst r ai nt instances. The Concert model does not
define index variables on the alternative resource constraint. You can change the Solver
constraints, and the meta-constraint terms, using the index variable by adding to the
Concert model constraints and meta constraints built from the following two members of
Il oAl t ResConstraint:

Il oConstraint |1oAltResConstraint::select(lloResource resource) const;

Il oConstraint |10Al tResConstraint:: sel ect SaneResour ce
(Il oAl tResConstraint ct) const;

Add the wrapped constraints to the model.

If you want to use the same global constraints as you used in your old problem (e.g.,
disunctive constraint, edge finder) these can be managed by setting parametersin ILOG
Scheduler 5.1. Trandate those global constraints to Scheduler parameters.

If there are search goalsin your old application, wrap the old Solver 4.4 goals (instances
of I | cGoal or its subclasses) according to the steps outlined in Chapter 2, Migrating
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from Solver to Concert Technology of this Migration Guide.

10. Create the solver (an instance of | | 0Sol ver ) and its goal. The solve function will
automatically extract the model and solve it with the goal given as argument.

11. Translate the search code from your old application according to the steps outlined in
Chapter 2, Migrating from Solver to Concert Technology of this Migration Guide.
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A Translation Example

With that outline of stepsin mind, we will show now how to apply some of those steps. We
will usethebri dgebr . cpp example from the standard distribution of ILOG Scheduler 4.4
and 5.1. Thisexample is based on the well known bridge-building problem extended by the
fact that the resources have breaks. Some activitiesin this example are breakable, others are
not.

With this example, we will demonstrate scheduling parametersin ILOG Scheduler 5.1,
showing you how to translate global constraintsin your Scheduler 4.4 application into the
scheduling parameters of ILOG Scheduler 5.1.

Rationale

Roughly, our aim is to separate the problem data from the model (expressed in classes of
ILOG Concert Technology) and to separate the model from the search (expressed in classes
of ILOG Solver).

Creating the Model

In previous versions of ILOG Scheduler, an application created a manager in edit mode,
declared a makespan variable, and added the makespan as an objective to the manager, like
this:

I'l cManager m(l1cEdit);

m openLogFi | e("bridgebr.|og");

Il clntVar makespan;

Il cSchedul e schedul e = Defi neProbl en{m nakespan);
m set Cbj M n( mekespan) ;

Now, in ILOG Scheduler 5.1, we will create an environment (an instance of | | oEnv,
documented in the ILOG Concert Technology Reference Manual). Within the environment,
we create amodel (an instance of | | oMbdel , documented in the ILOG Concert Technology
Reference Manual). We create a makespan as a numeric variable (an instance of

I I oNunVvar , documented in the ILOG Concert Technology Reference Manual). Then we
add our makespan as an objective to the model, like this:

Il oEnv env;

Il oNunmvar makespan;

I | oMbdel nodel = DefineMbdel (env, nakespan);
nmodel . add( 11 oM ni m ze(env, nakespan));

In other words, the objective is now part of the model (not part of the manager asit used to

be). When we create an algorithm (an instance of I | oSol ver, for example, documented in
the ILOG Solver Reference Manual) it will extract the objective from the model for useinits
search.
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Extracting and Solving

In some problems, an instance of 1 | oSol ver will be ableto extract the model and solve
with no other intervention. (See the ILOG Concert Technology User’s Manual for
examples.)

In other problems, you will need a goal to guide the search for asolution. There are
predefined goals, subclasses of the class | | oGoal , suitable for use “ off the shelf” ina
model. These predefined goals are availablein:

0O ILOG Solver (seethefunctions! | ol nstanti ate, || oGener at e,
Il oBestlInstantiate, || oBest Gener at e, documented in the ILOG Solver
Reference Manual)

O ILOG Scheduler (seethefunctions! | oSet Ti mesForwar d, | | oSet Ti nesBackwar d,
I | oRankFor war d, | | oRankBackwar d, | | oSequenceFor war d,
I | oSequenceBackwar d, | | 0Assi gnAl t er nati ve, documented in the ILOG
Scheduler Reference Manual).

At other times, you may want to write agoal yourself. To do this, you must use the facilities
for extending ILOG Solver or ILOG Scheduler, namely the classessuch as | | cGoal , or the
functions | | cl nst anti at e, | | cGener at e, and so forth.

If your problem requires the dynamic creation of objectsin your model (that is, if you need
elements in the model that you can learn only “on the fly” during the solution search) then
again you can use the facilities for extending ILOG Solver and ILOG Scheduler.

Let’'sreturn to our example to see those aternatives.
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In Scheduler 4.4, you used the member function || cManager : : next Sol uti on() witha
basic ranking goal, like this:

m add( | | cRank(schedul e, makespan));
whi | e(m next Sol ution())
mout () << "current value of nakespan: " << nakespan << endl;
mrestart();
i f (mnextSolution())
Print Sol uti on(schedul e);
el se
mout () << "No solution!" << endl;

Insuch acase, ILOG Scheduler 5.1 offers a predefined goal, | | oRankFor war d, equiva ent
tol | cRank. After creating the solver and extracting the model, you call the resolution
function, likethis:

Il oSol ver sol ver (nodel);
Il oGoal goal = Il oRankForward(env, nekespan);
if (solver.solve(goal))
Print Sol uti on(sol ver);
el se
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solver.out() << "No solution!" << endl;

If you want to improve the resolution heuristics, you will define agoa yourself using the
macro | LOCPGOALWRAPPERX, which allows you to return a search goal.

| LOCPGOALWRAPPERL( M/Rank, sol ver, IloNunvar, makespan) {
Il ol ntVar obj = sol ver.getlntVar (makespan);
I I cSchedul er schedul e(sol ver);
return |l cRank(schedul e, obj);

}

The constructor I | cSchedul er (11 oSol ver sol ver) givesyou the instance of
Il cSchedul er of thesolver. | | cSchedul er isasubclassof | | cSchedul e that enables
you to write the scheduling goal, just asin Scheduler 4.4.

Accessing the Solution

After resolution, you can either directly read the datain the problem data structures or use
instances of the I | oSchedul er Sol ut i on to store the data.

You can use such stored solutions as the basis of your next attempt to search for a solution if
you like. Before attempting another search, you can also make changesin amodel. For
example, you can add or remove constraints from the model, extract it again, and resolve.
That is, the changesin amodel may be monotonic or hon monaotonic.

Creating Activities

The creation of the activitiesin amodel is similar to the creation of activitiesin ILOG
Scheduler 4.4 applications except for the types of argument. In rough terms, | | o replaces
I'l ¢ inthe declaration of most arguments. Furthermore, an instance of 1 | cSchedul e in an
ILOG Scheduler 4.4 application becomes the Concert Technology environment (an instance
of I'l oEnv) inanILOG Scheduler 5.1 application. Likewise, avalueof typel | cl nt froma
Scheduler 4.4 application becomes avalue of typel | oNumin ILOG Scheduler 5.1.

Scheduler 4.4

Here, for example, are lines creating activitiesin a Scheduler 4.4 application:

Il cActivity MakeActivity(llcSchedul e schedul e,
const char* nane,
I'lclnt duration)
{
Il cActivity activity(schedul e, duration);
activity.set Name( nane);
return activity;

}
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Scheduler 5.1
Here are the equivalent lines creating an activity in ILOG Scheduler 5.1:

Il oActivity MakeActivity(lloEnv env,
const char* nane,
Il oNum dur ati on)

{

Il oActivity activity(env, duration, nane);
return activity;

}
We now consider the fact that some activities are breakable.

Scheduler 4.4

Il cActivity MakeBreakabl eActivity(llcSchedul e schedul e,
const char* nane,
Il clnt duration)

{
Il cBreakabl eActivity activity(schedul e, duration);
activity. set Name( nane);
return activity;

}
Scheduler 5.1

The member function | | oActi vi ty: : set Breakabl e alowsyou to declare the fact that
an activity is breakable.

Il oActivity activity = MakeActivity(env, nane, duration);
activity. setBreakabl e(Il0True);

w
n
o
>
®
Q
=
©
@

Notice that the classes | | cBr eakabl eActivity and || clnterval Activity have
disappeared. By default, in Scheduler 5.1, aninstanceof | | oActivity orll cActivityis
a non-breakable activity. The member functions| | oActi vi ty: : set Br eakabl e and

Il cActivity:: setBreakabl e alow you to control whether or not an activity is
breakable.

Translating Global Constraints into Scheduling Parameters

Activities naturaly fall into two groups: the breakable and the non-breakable ones. In
Concert Technology we take advantage of thisideain order to save memory in the definition
of the model. The characteristics of activities are managed by means of shared parameters.
We start by declaring the repository of the scheduler parameters, namely an instance of

I | oSchedul er Env likethis:

I'l oSchedul er Env schedEnv(env);

We change the default behavior of the parameter dealing with the breakability of the
resources, like this:
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schedEnv. get Acti vi t yBasi cPar an() . set Breakabl e() ;
Then, by default, al the activities created from now on will be breakable.
Il oActivity Al = MakeActivity(nmodel, "Al", 4);

After declaring the set of breakable activities, we will create a parameter for non-breakable
activities and use it as the default, like this:

I'l oActi vi tyBasi cPar am newDef aul t Par anm(env) ;
schedEnv. set Acti vi t yBasi cPar an{ newDef aul t Par anj ;

In consequence, from now on the activities we create are non-breakable.
Il oActivity ABL = MakeActivity(nodel, "ABl1", 1);

The constructor of a schedule (an instance of | | cSchedul e) in Schedule 4.4 required an
origin and a horizon, that is, two integer values used as defaults to define the range of the
date variable of an activity. Hereis an example of that old convention:

Ilclnt origin = 0;

Ilclnt horizon = 365;

Il cManager n( 11 cNoEdit);

Il cSchedul e schedul e(m origin, horizon);

Thisinformation is no longer required in Scheduler 5.1. If you still need to make this
information explicit in your application, you use the scheduler environment, like this:

IloNumorigin = 0;

I'l oNum hori zon = 365;

Il oEnv env;

I | oSchedul er Env schedEnv(env);
schedEnv. set i gin(origin);
schedEnv. set Hori zon( hori zon) ;

These values will be used by the model and the extractor as default values when needed.

Adding Constraints

In Scheduler 4.4, activities were defined in terms of constrained variables that were
instances of ILOG Solver classessuchas! | cl nt Var or | | cFl oat Var . During asearch for
asolution, ILOG Solver 4.4 attempted to assign values to those decision variables.
Furthermore, it was possible to add constraints to a manager (an instance of | | cManager )
whileit wasin edit mode. In other words, there was not an entirely clear distinction between
the modeling variables of an activity and the search for a solution. For example, in ILOG
Scheduler 4.4, you added temporal constraints on activities to the manager, like this:

manager . add(activityl. startsAfterEnd(activity2));

In contrast, in ILOG Scheduler 5.1 and ILOG Concert Technology, thereisaclear
distinction between the model, made up of decision variables, and the search for an
assignment of valuesto the decision variables. This distinction is highlighted by the fact that
an agorithm (an instance of | | oSol ver, for example) extracts information from a model
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for itsown use. You must add the temporal constraints and time bound constraints of your
problem to your model in order for them to be extracted by an algorithm (an instance of

Il 0Sol ver, for example) and taken into account during the search. For example, you add a
temporal constraint on an activity like this:

nmodel . add(activityl. startsAfterEnd(activity2));

In ILOG Concert Technology, when you add a constraint to amodel, all the variables
belonging to that constraint are implicitly added the model for you automatically. Then
when your algorithm (an instance of | | oSol ver, for example) extracts the model with that
added constraint, it will also extract those variables in the constraint.

Creating Resources

The creation of aresource resembles the creation of an activity; that is, you create the
resource in an environment (an instance of I | oEnv, documented in the ILOG Concert
Technol ogy Reference Manual); then you add its constraints to a model; then you extract the
model for an algorithm.

In Scheduler 4.4, the following lines:

voi d
MakeResour ce( |l | cSchedul e schedul e,
const char* nane,
Ilclnt number O Activities,
Il cActivity* activities)
{
I | cManager meschedul e. get Manager () ;
I | cUnaryResour ce resource(schedul e);
resour ce. set Name( nane) ;
for (Ilclnt i =0; i < nunberOfActivities; i++)
m add(activities[i].requires(resource));
resour ce. cl ose();

}
are equivaent in Scheduler 5.1 to these lines:
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voi d
MakeResour ce( | | oMbdel nodel ,
const char* nane,
I'lolnt nunber O Activities,
Il oActivityArray activities)
{
Il oEnv env = nodel . get Env();
I | oUnar yResour ce resource(env, nane);
for (Ilolnt i =0; i < nunberOfActivities; i++)
nodel . add(activities[i].requires(resource));
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Global Constraints of Scheduler 4.4 Become Parameters in Scheduler 5.1

There is also parameter management in the resources of ILOG Scheduler 5.1. Basically, the
parameters are annotations of the resource. The parameters declare the exact behavior and
content of aresource. In practice, these annotations allow you to enforce and precisely
define constraints to apply on sets of activities requiring the resource. Those constraintson a
resource might include, for example, the capacity levels of a discrete resource, the break list
of aresource, or the transition time function of aresource. You have a choice between using
parameters on a set of resources or annotating a single resource locally.

Using Parameters to Close Resources

In the previous code sample in Scheduler 4.4, the resource was closed by the function

Il cResource: : cl ose().InILOG Scheduler 5.1, the resource is considered closed by
default by the algorithm that extracts the model. If you want to declare aresource not closed
at resolution time, you have two alternatives:

O usethe member function | | oResour ce: : keepQpen( || oTrue)

O usethe resource parameter shared by a set of resources.

For example, using the default resource parameter of the Scheduler environment, write:
schedenv. get Resour cePar an() . keepQpen( |1 oTr ue);

Using Parameters to Invoke Disjunctive Constraint or Edge Finder

Another kind of parameter allows you to set the enforcement level on certain characteristics
of the resource. For example, you can invoke the digunctive constraint and the edge finder
congtraint in amodel likethis:

Il oUnaryResource resource = /* ... */
resour ce. set Capaci t yEnf or cermrent (I | oMedi unHi gh) ;

You can also use the resource parameter like this:
schedenv. get Resour cePar an() . set Capaci t yEnf or cenent (I | oMedi unH gh) ;

Using Parameters on Time Intervals

Anocther kind of parameter defines functions on an interval of time, for example, such
functions as the maximum capacity of aresource, thetimeinterval of an energy relaxation or
alist of breaks. In Scheduler 4.4, the list of breaks was a specific object that you filled and
attached to aresource, like this:

Il cManager n( 1l cNoEdit);
I'lclnt horizon = 365;
Il cSchedul e schedul e(m 0, horizon);
Il cBreakLi st blist(schedul e);
Ilclnt i=7,
whi | e(i <hori zon) {
blist.addBreak(i-2, i);
i = i+7;
}
I | cUnaryResour ce resource(schedul e);
resource. set Breaks(blist);
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In Scheduler 5.1, ageneric class, thel | ol nt er val Li st alowsyouto declarealist of time
intervalsthat can be assigned as alist of breaks on resources. For example, the list of breaks
can be shared by default, thanks to the schedule environment properties.

I'l ol nterval Li st breakParam = schedEnv. get BreakLi st Paran() ;
Ilolnt i=7,
whi l e(i < horizon) {

br eakPar am addl nterval (i-2, i);

i = 0+7,

}
You can directly declare the breaks on aresource by using the addBr eak member function:

voi d || oResource: :addBreak(lloNumstart, |IloNumend, IloNumtype =0L);

Moreover, as for any parameter, you can build alist of breaks and put it on aresource, like
this:
Il ol nterval Li st breakParam = |l olnterval List(env, 0, horizon);
Ilolnt i=7;
whi l e(i < horizon) {
br eakPar am addl nterval (i-2, i);
i = i+7;
}
resour ce. set Br eaksPar an{ br eakPar an) ;
Notice that, by default, the instance of | | ol nt er val Li st extracted by aresolution
agorithm is closed. Asfor aresource, you can ask for the instance not to be considered
closed during the search for a solution. This will allow new breaks on the resource to be
added during the search. There are alternative ways of making a set of breaks not closed.

O You can call this member function on theinstance of | | ol nt er val Li st :
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void Ilolnterval List::keepOpen(lloBool val =Ilo0True) const;

0O Or you can work directly on the resource that the set applies to. For example, in the case
of keeping open the list of breaks, you can call the keepBr eakLi st Qpen member
function:

voi d || oResour ce: : keepBr eakLi st Open( || oBool keepOpen =I10True) const;

This section has simply outlined the way to translate global constraints of an application
written for ILOG Scheduler 4.4 into an application of ILOG Scheduler 5.1. For more details
about using the scheduling parameters of ILOG Scheduler 5.1, see the following documents:

0 ILOG Scheduler 5.1 Extensions Reference Manual. This manual contains tables of
mappings between Solver and Concert classes, plus the means the extractor uses to
create the global constraints and resources from the model.

O ILOG Scheduler 5.1 User’s Manual.
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Migrating from Dispatcher to
Concert Technology

We recommend that you read the ILOG Concert Technology User’s Manual and, in this
Migration Guide, Chapter 2, Migrating from Solver to Concert Technology before reading
the present chapter.

Modeling is Based on Concert Technology

ILOG Dispatcher 3.1 uses ILOG Concert Technology. This means that the statement of a
problem is clearly separated from the way it is solved. For this purpose Concert Technology
provides the concept of the model (through the class | | oMbdel ). The problem is then
defined by adding modeling objects (prefixed by 11 o) toan | | oMbdel .

When the problem is to be solved, the information from the model is extracted by an
algorithm. In Dispatcher terms, this translates into the following: the functionality provided
by thel | cRout i ngPl an classin version 2.1 is now provided by three | | o-prefixed
classes:

O 11 ovodel
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O Il oDispatcher
O 11 oRoutingSol ution
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This means that:

0O The description of the model is handled by the class| | oMobdel , aswith all the other
optimization libraries in the ILOG Optimization Suite, which are now Concert-enabled.

0O The solving of the problem, and the constraints related to it are algorithmically managed
by theclass| | oDi spat cher.

0O The storage and manipulation of a solution to arouting problem are handled by the class
Il oRout i ngSol uti on. (Thereisno equivalent to an interna solution in
I'l cRouti ngPl an now, soan | | oRout i ngSol uti on hasto be created before solving
any problem).

Note also that the functionsin ILOG Dispatcher 2.1 which take as argument an instance of
Il cRout i ngPl an now take, in Dispatcher 3.1 aninstance of I | oEnv.

To summarize, here is the beginning of a Dispatcher 2.1 program:

I'l cManager m(lIcEdit);

I'l cRoutingPl an plan(m;

I'l cDi nension2 time(plan, IlcEuclidean, "Time");

I'l cDi nension2 | ength(plan, |lcEuclidean, "Length");
I'l cDi mensi onl wei ght (pl an, "Weight");

and the corresponding beginning of a Dispatcher 3.1 program:

11 oEnv env;
Il oMbdel mdl (env);

I'l oDi nension2 tinme(env, |loEuclidean, "Tinme");

ndl . add(tine);
Il oD mension2 | ength(env, IloEuclidean, "Length");

ndl . add( | engt h);

Il oD mensi onl wei ght (env, "Weight");

mdl . add( wei ght) ;

I oNode depot (env, depotX, depotY);

IloVisit first(depot, "Depot");

mdl . add(first.get Curul Var (tine) >= openTine);

Il oVehicle vehicle(first, last, nane);
vehi cl e. set Cost (| ength, 1.0);

vehi cl e. set Capaci ty(wei ght, capacity);
mdl . add( vehi cl e);

Once the model is stated, it can be extracted and solved using the specific algorithms
provided by Dispatcher.

I'l oSol ver sol ver(mdl);
I | oD spat cher di spatcher(sol ver);
I'l oRouti ngSol ution sol ution(ndl);
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Search Features

The search has been modified in two ways in ILOG Dispatcher 3.1. As said previously, any
object or function taking an | | cRout i ngPl an in ILOG Dispatcher 2.1, now takes an
instance of | | oEnv. This of course applies to the solution generation goals. The following
code demongtrates this:

I'l oSol ver sol ver (mdl);

I | oDi spat cher di spatcher(solver);
Il oRout i ngSol ution sol ution(mndl);

Il oGoal instantiateCost = Il oD chotom ze(env,
di spat cher . get Cost Var (),
|| oFal se);

Il oGoal goal = I|loSavingsCenerate(env) &% instantiateCost;

if (!solver.solve(goal)) {
sol ver.out () << "Not enough vehicles to generate first solution" << endl;
return O;

}

sol ution. store(sol ver);

ILOG Dispatcher 3.1 now uses a new generic, open local search API, which isavailablein
Solver 5.1. Thel | cMove class of ILOG Dispatcher 2.1 now corresponds to the | | oNHood
classfound in ILOG Solver 5.1. Also, the member functions of the class| | cRout i ngPl an
dealing with local search (i nprove, gls, gts, fastd s)arenow replaced by the new
search strategies based on the framework offered by ILOG Solver. The following code
exemplifiesthis:

Il oGoal restoreSolution = Il oRestoreSol uti on(env, solution);
I oNHood nhood = |l oTwoQpt (env)

+ 11 0O Opt (env)

+ |1 oRel ocat e(env)

+ |1 oExchange( env)

+ |11 oCross(env);

Il oGoal inprove = Il 0Singl eMove(env,
sol ution,

nhood,

I'l ol nprove(env),

I'l oFi rst Sol ution(env),

instanti ateCost);

whi l e (sol ver.sol ve(inmprove)) {}

sol ver. sol ve(restoreSol ution);
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CORRESPONDENCE TABLES

Correspondence Tables

The following tables explain how to translate each member function of the Dispatcher 2.1
classesinto Dispatcher 3.1. In the examples of code given:

di spat cher represents an instance of |1 oDi spat cher
visit represents an instance of |l cVi sit in Dispatcher 2.1
Il oVi sit in Dispatcher 3.1
rpl an represents an instance of || cRout i ngPl an
vehicle represents an instance of | | cVehi cl e in Dispatcher 2.1
I I oVehi cl e in Dispatcher 3.1
sol ver represents an instance of 11 0Sol ver
sol ution represents an instance of || oRout i ngSol uti on
nodel represents an instance of | | oMbdel

Theclass! | 0Sol ver isfrom ILOG Solver 5.1. Theclasses| | 0oSol uti on and || oMbdel
are from ILOG Concert Technology 1.1.
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Translating Code for lIcRoutingPlan

Aninstance of I | cRout i ngPl an passed to afunction translates to an instance of the class

| | oEnv.
Dispatcher 2.1 Dispatcher 3.1
I I cRouti ngPl an I | oModel , I'| oDi spat cher, |1 oRoutingSol ution
addGoal Some of the predefined goals take a subgoal, otherwise you can add the
subgoal by combining the other goals of the search with an &&.
rplan. fast GLS() I | oDi spat cher GLSwith I | oFi r st Sol uti on selector.

voi d | mproveW t hFast GLS( || oDi spat cher di spatcher,
I I oRouti ngSol ution sol ution,
I oNHood nhood) {

nhood. reset ();

Il oNumvar cost = di spatcher. get Cost Var();

Il oEnv env = dispatcher. get Env();

Il oGoal instantiateCost = IloDi chotonize(env, cost,
Il oFal se);

Il oRout i ngSol ution rsol sol uti on. makeC one(env);

Il oRout i ngSol uti on best sol uti on. makeC one(env);

I | oDi spatcher QLS dgl s(env, 0.2);

Il oGoal nobve = |1 0Singl eMove(env, rsol, nhood, dgls,
instanti at eCost);

nove = nove && || oStoreBest Sol ution(env, best);

Il oSol ver sol ver = dispatcher. getSol ver();

I I oCoupl e(nhood, dgls);

for (Ilolnt i =0; i < 300; i++) { c
if (solver.solve(nove)) { )
cout << "Cost = " << solver.getMax(cost) << endl; %
) 2
el se { o
=0
cout << "---" << endl; @
if (dgls.conplete()) break; -
}
}
I | oDecoupl e(nhood, dgls);
Il oGoal restoreSolution = Il oRestoreSol ution(env, best) &&

i nstant i at eCost ;
sol ver. sol ve(restoreSol ution);
rsol . end();
best. end();
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Dispatcher 2.1

Dispatcher 3.1

rplan. getBestlteration

To be done directly by the user in the local search code.

rpl an. get Cost Preci si on

To be done directly by the user in the local search code.

rpl an. get Cost Var ()

di spat cher.

get Cost Var ()

rpl an. get Goal ()

Not applicable.

rpl an. get NoOf Di mensi ons()

di spat cher.

get NbOr Di nensi ons()

rpl an. get NoOf Moves()

di spat cher.

get NbOf Moves()

rpl an. get NoOf Nodes()

di spat cher.

get NbOrf Nodes()

rpl an. get NoOf Successes()

di spat cher.

get NbOF Successes()

rpl an. get NoOf Unper f or medVi si t s()

di spat cher.

get NbOF Unper f or medVi si t s()

rpl an. get NoOf Vehi cl es()

di spat cher.

get NbOr Vehi cl es()

rpl an. get NoOf Vehi cl esUsed()

di spat cher.

get NbOr Vehi cl esUsed()

rpl an. get NoOF Vi si t s() di spat cher. get NoOf Vi si t s()

rpl an. get Nowher e() Il oNode( |l oEnv env, |1 oBool everywhere, const char* nanme=0);
rpl an. get PenFact or () I | oDi spat cher GS: : get Penal t yFact or ()

rpl an. get Tot al Cost () di spat cher . get Tot al Cost ()

rpl an. get Vehicle(llclnt) di spat cher. get Vehicle(llolnt)

rplan.getVisit(llclnt) di spatcher.getVisit(llolnt)

54 ILOG CONCERT TECHNOLOGY 1.1 —

MIGRATION GUIDE




TRANSLATING CODE FOR ILCROUTINGPLAN

Dispatcher 2.1

Dispatcher 3.1

rplan. gls()

I I oDi spat cher GLSwith I | oM ni ni zeVar selector.

void | mproveWthG.S(I I oDi spat cher dispatcher,
I I oRout i ngSol uti on sol ution,
I oNHood nhood) {
nhood. reset ();
Il oNumvar cost = di spatcher. get Cost Var();
Il oEnv env = dispatcher. get Env();

Il oGoal instantiateCost = Il oD chotom ze(env, cost,
Il oFal se);
Il oRouti ngSol ution rsol = solution.makeCd one(env);

Il oRouti ngSol uti on best = solution. makeC one(env);
I | oDi spatcher QLS dgl s(env, 0.2);

Il oSearchSel ector sel = Il oM nim zeVar (env,

dgl s. get Penal i zedCost Var ());
Il oGoal nobve = |1 0Singl eMve(env, rsol, nhood, dgls,

sel, instantiateCost);

nove = nove && || oStoreBest Sol ution(env, best);
Il oSol ver sol ver = dispatcher. getSol ver();
I I oCoupl e(nhood, dgls);

for (Ilolnt i =0; i < 150; i++) {
if (solver.solve(nove)) {
cout << "Cost = " << solver.getMax(cost) << endl;
}
el se {
cout << "---" << endl;

if (dgls.conplete()) break;
}

I | oDecoupl e(nhood, dgls);

Il oGoal restoreSolution = Il oRestoreSol ution(env, best) &&
i nstanti at eCost ;

sol ver. sol ve(restoreSol ution);

rsol .end();

best. end();
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Dispatcher 2.1

Dispatcher 3.1

gts()

Il oDi spatcher GLS + || oDi spat cher TabuSear ch

voi d | mproveWt hGTS(I 1 oDi spat cher di spatcher,
Il oRout i ngSol ution sol ution,
I oNHood nhood) {
nhood. reset () ;
Il oNumvvar cost = di spatcher. get Cost Var();
Il oEnv env = dispatcher. getEnv();

Il oFal se);
Il oRouti ngSol ution rsol = solution. makeC one(env);
I I oRouti ngSol ution best = solution. makeC one(env);
|| oDi spatcher &S dgl s(env, 0.2);
I | oDi spat cher TabuSearch dt(env, 5);
Il oMetaHeuristic nmeta = dgls + dt;

Il oSearchSel ector sel = Il oM nimzeVar(env,

instanti at eCost);
nmove = nove && || oStoreBest Sol ution(env, best);
Il oSol ver sol ver = dispatcher. get Sol ver();
I I oCoupl e(nhood, neta);
for (Ilolnt i =0; i < 150; i++) {
if (solver.solve(nove)) {

}
el se {
cout << "---" << endl;
if (nmeta.conplete()) break;

}

I | oDecoupl e(nhood, neta);

Il oGoal restoreSolution = |l oRestoreSol ution(env,
i nstanti at eCost ;

sol ver. sol ve(restoreSol ution);

rsol . end();

best. end();

Il oGoal instantiateCost = Il oD chotonize(env, cost,

dgl s. get Penal i zedCost Var ());
Il oGoal nobve = |1l 0Singl eMve(env, rsol, nhood, neta, sel,

cout << "Cost = " << solver.getMax(cost) << endl;

best) &&
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Dispatcher 2.1 Dispatcher 3.1

i mprove() Il 0Si ngl eMove with | | oFi r st Sol ut i on selector.

voi d FirstAccept (Il oDi spatcher dispatcher,
I I oRout i ngSol uti on sol ution,
I oNHood nhood) {
nhood. reset ();
Il oNumvar cost = di spatcher. get Cost Var();
Il oEnv env = dispatcher. get Env();

Il oGoal instantiateCost = IloDi chotonize(env, cost,
|| oFal se);

I I oRouti ngSol ution rsol = solution.makeC one(env);

Il oGoal nove = |1 0Singl eMve(env, rsol, nhood,

I'l ol nprove(env),
instantiateCost);

Il oSol ver sol ver = dispatcher. get Sol ver();

whi |l e (sol ver.solve(nove)) {

cout << "Cost = " << solver.getMax(cost) << endl;
}
Il oGoal restoreSolution = |l oRestoreSolution(env, rsol) &&
i nst anti at eCost ;
sol ver. sol ve(restoreSol ution);

rsol . end();
}

rplan.insertVisits() Il ol nsertVisit for all visits.
rplan. printlnformation() di spatcher. printlnformation()
rplan. refresh() Il oDi stance: :refresh()
rpl an. r enoveGoal Not applicable.
rpl an. restoreSol ution() No internal solution. Not applicable. N
rplan. restoreSol ution(sol ution) sol ver. sol ve(ll oRest oreSol uti on(env, solution)) Q
rpl an. saveSol uti on() No internal solution. Not applicable. é
rpl an. saveSol uti on(sol ution) sol ution. store(sol ver) %
rpl an. set Cost Pr eci si on() To be done directly by the user in the local search code. B
rpl an. set Hook() To be done directly by the user in the local search code or in a goal.
rpl an. set MovelLi mit () To be done directly by the user in the local search code (add code).
rpl an. set PenFact or () || oDi spat cher GS: : set Penal t yFact or ()
rpl an. set Ti meLi mt () Same as set MovelLinmit ().
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Dispatcher 2.1

Dispatcher 3.1

st eepest ()

Il 0Si ngl eMove with I | oM ni m zeVar selector.

voi d Best Accept (11 oDi spat cher di spatcher,
Il oRout i ngSol ution sol ution,
I oNHood nhood) {
nhood. reset ();
Il oNumvvar cost = di spatcher. get Cost Var();
Il oEnv env = dispatcher. get Env();

i nstanti at eCost ;
sol ver. sol ve(restoreSol ution);
rsol . end();

Il oGoal instantiateCost = Il oD chotonize(env, cost,
Il oFal se);

Il oRouti ngSol ution rsol = solution. maked one(env);

Il oGoal nobve = |1 0Singl eMve(env, rsol, nhood,
Il ol mprove(env),
Il oM ni m zeVar (env, cost),
instantiateCost);

Il oSol ver sol ver = dispatcher. get Sol ver();

whi |l e (sol ver.solve(nove)) {

cout << "Cost = " << solver.getMax(cost) << endl;
}
Il oGoal restoreSolution = Il oRestoreSolution(env, rsol) &&
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Dispatcher 2.1 Dispatcher 3.1

rpl an. t abu() I | oDi spat cher TabuSear ch

voi d | nproveWthTabu( || oDi spatcher dispatcher,
I I oRout i ngSol ution sol ution,
I | oNHood nhood) {
nhood. reset ();
Il oNumvar cost = di spatcher. get Cost Var();
Il oEnv env = dispatcher. get Env();

Il oGoal instantiateCost = IloDi chotonize(env, cost,
|| oFal se);
Il oRouti ngSol ution rsol = solution.nakeCd one(env);

Il oRouti ngSol uti on best = solution. makeC one(env);
I | oDi spat cher TabuSearch dts(env, 12);

Il oGoal nobve = |1l 0Singl eMve(env, rsol, nhood, dts,
Il oM ni mi zeVar (env, cost),
instantiateCost);
move = nmove && || oStoreBest Sol ution(env, best);
Il oSol ver sol ver = dispatcher. getSolver();
cout << "Tenure = 12" << endl;
for (Ilolnt i = 0; i < 150; i++) {
if (i ==70) {
cout << "Tenure = 20" << endl;
dts. set Tenure(20);

}
if (i ==85) {
cout << "Tenure = 5" << endl;
dts. set Tenure(5);
}
if (i == 105) {
dts.set Tenure(12);
cout << "Tenure = 12" << endl;
} B
if (solver.solve(nove)) { O
cout << "Cost =" << sol ver.get Max(cost) << endl; »
} 2
el se { o
if (dts.conplete()) break; a
} -~
}
Il oGoal restoreSolution = Il oRestoreSolution(env, best) &&

i nstanti at eCost ;
sol ver. sol ve(restoreSol ution);
rsol .end();
best. end();
}

rplan. unsetLimt() Not applicable.
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TRANSLATING CODE FOR lLCVISIT

Translating Code for llcVisit

In the right-hand column of thetable: case 1) returnsan| | ¢ instance, case 2) returnsan| | o

instance.
Dispatcher 2.1 Dispatcher 3.1
IlcVisit IloVisit
visit.disable() sol ution.renmove(visit); nodel.remve(visit);
visit.enable() sol ution.add(visit); nodel.add(visit);

visitl. getCostTo(visit2, vehicle) di spatcher.getCost(visitl, visit2, vehicle)

visit.getlndex() di spat cher. getl ndex(visit);

get Manager () Not applicable.

visit.getNext() di spat cher. get Vi si t (di spat cher. get Next Var (visit).getValue())
vi sit. get Next Var () 1) dispatcher. get NextVar(visit)

2) visit.getNextVar()

visit.getPrev() di spat cher. get Vi sit (di spatcher. getPrevVar(visit).getValue())

visit.getPrevVar () 1) dispatcher.getPrevVar(visit)
2) visit.getPrevVar()

vi sit. get RankVar () 1) dispatcher. get RankVar (visit)
2) visit.getRankVar ()

visit.getQuantity(dim di spat cher. get Transi t Var (di m) . get Val ue()

visit.getQantityVar(dim 1) dispatcher.getTransitVar(visit, dim
2) visit.getTransitVar(dim

vi sit. get SavedNext () sol ution. get Next (visit)
visit.get SavedPrev() sol ution.getPrev(visit)
visit.getTransitVar(dim 1) dispatcher.getTransitVar(visit, dim

2) visit.getTransitVar(dim

visit.getTravel Var (dim 1) dispatcher.getTravel Var(visit, dim
2) visit.getTravel Var(dim

visit.getVehicle() di spat cher . get Vehi cl e(di spat cher. get Vehi cl eVar (vi sit). get Val ue
0)
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TRANSLATING CODE FOR lLCVISIT

Dispatcher 2.1 Dispatcher 3.1

vi sit.getVehicleVar() 1) dispatcher. getVehicleVar(visit)

2) visit.getVehicleVar()
visit.getWaitVar() 1) dispatcher.getWaitVar(visit)

2) visit.getWitVar()
visit.insert() sol ver.solve(llolnsertVisit(env, visit))
visit.insert(vehicle) sol ver.solve(llolnsertVisit(env, visit, vehicle))
visitl.insert(visit2) sol ver.solve(llolnsertVisit(env, visitl, visit2))
i sDi sabl ed() Not appl i cabl e.
visitl.isJustAfter(visit2) visitl.getPrevVar() == visit2
visitl.isJustBefore(visit2) visitl.getNextVar() == visit2
vi si t. makel nconpati bl eWth(vehicle) |visit.getVehiclevar() != vehicle

vi sitl. makel nconpati bl eWth(visit2) |visitl.getVehicleVar() != visit2.getVehicleVar()

visitl. saneVehicl e(visit?2) visitl. getVehicleVar() == visit2.getVehicleVar()
visit.setDel ay(dim val ue) nmodel . add(vi sit. getDel ayVar (di ) == val ue)
visit.setDelay(di n2, dim val ue) nmodel . add(vi sit. getDel ayVar (di n2) == val ue *

Il oAbs(visit.getTransitVar(dim))
visit.setDelayVar(dim exp) nmodel . add(vi sit. getDel ayVar (dim == exp)
visitl. set Next(visit2) di spatcher.setNext (visitl, visit2)
visitl. setPrev(visit2) di spatcher.setPrev(visitl, visit2)
visit.setQuantity(dim val ue) nmodel . add(visit.getTransitVar(din) == val ue) ~
visit.setQuantityVar(dim var) Not applicable. Q
visitl. set SavedNext (visit2) sol ution.setNext(visitl, visit2) é
visitl. set SavedPrev(visit2) solution.setPrev(visitl, visit2) %
visit.setVehicle(vehicle) di spat cher. set Vehicl e(visit, vehicle) B
IlcVisitlterator Ilolterator<lloVisit> |loRoutingSolution::Visitlterator
Il cUnperfornmedVisitlterator Il oDi spatcher:: UnperfornmedVisitlterator,

I I oRout i ngSol uti on:: UnperfornmedVisitlterator
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TRANSLATING CODE FOR ILCVEHICLE

Translating Code for licVehicle

Dispatcher 2.1

Dispatcher 3.1

Il cVehicle

Il oVehicle

vehi cl e. di sabl e()

sol ution. renmove(vehicle);
nodel . renove(vehicl e);

enabl e()

sol uti on. add(vehicl e);
nodel . add(vehi cl e);

gener at eRout e()

Not applicable.

vehi cl e. get I ndex()

di spat cher. get | ndex(veh)

get NbOf Vehi cl eBr eakConstrai nts()

Not applicable.

get Rout eConpl et eVar ()

Not applicable.

i sDi sabl ed()

Not applicable.

i sRout eConpl et e()

Not applicable.

Il cVehiclelterator

Il olterator<I|I|oVehicle>,
Il oRout i ngSol ution:: Vehi cl el terator

Il cRoutelterator

Il oDi spatcher:: Routelterator,
I oRouti ngSol ution:: Routelterator

Translating Code for Dimensions

Dispatcher 2.1

Dispatcher 3.1

I'I cDi mensi on: : get Routi ngPl an()

Not applicable.

I'l cDi nensi onlterator

Il olterator<I|| oD mension>,
Ilolterator<!|| oD nensionl>,
Il olterator<I|| oD nension2>
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TRANSLATING CODE FOR DISTANCES

Translating Code for Distances

Distance functions consider three parametersin ILOG Dispatcher 3.1 (two nodes and a
vehicle) compared to two in previous versions of ILOG Dispatcher (two nodes). These

simpler distance functions can still be implemented using | | oSi npl eDi st anceFuncti on

and | | oSi npl eDi st anceEval I .

Dispatcher 2.1

Dispatcher 3.1

Il cDi stance

Il oDi stance

Il cDi stanceEval |

Il oDi stanceEval |,
Il oSi npl eDi st anceEval |

Il cDi stanceFunction

Il oDi st anceFuncti on,
Il oSi npl eDi st anceFuncti on

I'l cDi stancel Il oDi stancel
Il cDi st Max Il oDi st Max
I'l cEucli dean Il oEucl i dean

Il cExplicitDi stance,
Il cExplicitDistancel

Removed.

I | cGeogr aphi cal

I | oGeogr aphi cal

Il cManhat t an

Il oManhat t an
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TRANSLATING CoODE FOR GOALS

Translating Code for Goals

Dispatcher 2.1

Dispatcher 3.1

Il cAll UnperformedGenerat e

When added to an instance of I | oRout i ngSol uti on,
the saved state of an instance of | | oVi si t is
unperformed.

I I cEnpt yPl anGener at e

Create an empty solution and add vehicles only.

Il cGenerate

Il oDi spat cher Generat e

Il clnsertionGenerate

Il ol nsertionGenerate

IlclnstantiateTransits

IlolnstantiateTransits

Il cl nstanti at eVehi cl eBr eak

Il ol nstanti at eVehi cl eBr eak

Il cl nstanti at eVehi cl eBr eaks

Il ol nstanti at eVehi cl eBr eaks

Il cl nstanti at eVehi cl eBr eakDur ati on

Il ol nstanti at eVehi cl eBreakDur ati on

Il cl nstanti at eVehi cl eBr eakPosi ti on

Il ol nstanti at eVehi cl eBr eakPosi ti on

Il cl nstanti at eVehi cl eBreakSt art

Il ol nstanti at eVehi cl eBreakSt art

I | cNear est Addi ti onGener at e

I | oNear est Addi ti onGener at e

I | cNear est Depot Gener at e

I | oNear est Depot Gener at e

I | cSavi ngsGener at e

Il oSavi ngsGener at e

I | cSweepCener at e

I | oSweepCener at e
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TRANSLATING CODE FOR SOLUTIONS

Translating Code for Solutions

Dispatcher 2.1 Dispatcher 3.1
Il cRouti ngSol uti on Il oRouti ngSol uti on
sol uti on. get Cost () sol ution. get Sol ution(). get Cbj ecti veVal ue()
read() Not applicable.

Translating Code for Neighborhoods

Dispatcher 2.1 Dispatcher 3.1

Il cCross Il oCross

I | cExchange I | oExchange, | | oSwapPer f or m for unperformed visits.

I | cExchangePai r I I oExchange, | | oSwapPer f or m for unperformed visits.

Il cMove Equivalent of | | oNHood.

Il cO Opt Il oOr Opt

Il cRel ocate Il oRel ocat e, | | oMakePer f or med and I | oMakeUnper f or med
for unperformed visits.

Il cRel ocat ePai r Il oRel ocat e, | | oMakePer f or med and I | oMakeUnper f or med .
for unperformed visits. g

Il cThr eeOpt Removed. E

I I cTwoOpt I oTwoOpt %
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TRANSLATING CODE FOR BREAKS

Translating Code for Breaks

In the right-hand column of the table: case 1) returnsan| | ¢ instance, case 2) returnsan | o

instance.
Dispatcher 2.1 Dispatcher 3.1
I I cVehi cl eBr eakConst r ai nt I I oVehi cl eBr eakCon
br eak. get Dur ati onVar () 1) di spat cher. get Dur ati onVar ( br eak)
2) br eak. get Dur ati onVar ()
br eak. get Posi ti on() di spat cher. get Posi ti on( br eak)
br eak. get Posi ti onVar () 1) di spat cher. get Posi ti onVar ( br eak)
2) To constrain the position of break, you can use:
break.justAfter() break.getStartVar()
break. get St art Var 1) di spat cher. get St art Var ( br eak)
2) break. get St art Var ()
break. i sPerforned() di spat cher. i sPerf or ned( br eak)
br eak. i sUnperforned() di spat cher. i sUnper f or ned( br eak)
Il cVehi cl eBreakConstraintlterator Il olterator<lloVehicl eBreakCon>

Miscellaneous Translations

Dispatcher 2.1 Dispatcher 3.1
Il cNode Il oNode
I'l cNodel terator Il olterator<l| oNode>
I I cQut put Mani p I I oQut put Mani p
I | cRPHook Removed.
| LCSETW NDOW( vi si t . get Currul Var (di m), nmodel . add(begi n <= visit.getCunul Var (di m) <= end)
begin <= var && var <= end)
Il cTerse(ll cRouti ngPl an) Il oTerse(ll oDi spatcher)
I I cVerbosei (11 cRouti ngPl an) I I oVerbose( |1 oD spatcher)
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Migrating from Configurator to
Concert Technology

To trandate the code of a Configurator 1.0 application into Configurator 2.1 code, you need
to do the following:

0O Replacethel| cConfi gurat or objectswithan|| oCat al og, anl | oConfi guration
andan| | oConfi gur at or object.

Declare type hierarchies, type-tables, ports, attributes, and constraints to the catalog.
Build the catalog instead of linking the configurator.

Create the initial componentsinthel | oConfi gur ati on object.

o o o o

Declare the requirement constraintsto the | oConf i gur at i on object instead of adding
themtothel | cManager.

O

Extract the | | oConfi gur ati on model and solveit withan || oSol ver algorithm.

O Replacethel | cConfi gSt rat egy declarations with an instance of
Il oConfi gStrategy, towhich the corresponding generic goals and their attached
component types are declared.

O Replacethel | ¢ selectors with the corresponding I | o selectors.

O Replace the interchangeability classes with substitutability classes, and pass them as
arguments of the goals, instead of directly attaching them to component types.

0O Add the minimization object to the I | oConf i gur at i on object, instead of adding it to
thel | cManager with set Cbj M n.

o1
0O
o
>
=
«Q
c
=
Q
—*
o
=
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Thefollowing table gives the correspondence between the Configurator 1.0 API and the new

Configurator 2.1 API.

Configurator 1.0 API

Configurator 2.1 API

Il cAl | Connect

Obsolete

Il cCard(conponent type)

Obsolete

Il cCardlterator

Il cCardPortlterator

Il cCardSel ect Il oCardSel ect

sel ectCard(llcPort p) select (Il oConfigurator cfg, IloPort p)
Il cCardSel ect | Il oCardSel ect |

sel ectCard(l!cPort p) select (Il oConfigurator cfg, IloPort p)
Il cCl oseType 11 oCl ose

Il cConpatibility
I'l cConpatible
Il cl nconpati bl e

Il oConpatibility
Il oConpati bl e
Il ol nconpati bl e

Il cConpatibilitylterator

Il oConpatibilitylterator

I I cConponent
configure()
get Confi gurator ()
get BaseType()
getIntAttr(const char* nane)
get Manager ()
get Nane()
get Port (const char* nane)
get Type()
get TypeVar ()
hasProperty(const char* nane)

I | oConponent
Il oGoal Il oConfigure(lloConponent, || oConfigStrategy)
obsol ete
get BaseType()
get NumAttr (const char* nane)
obsol ete
get Nane()
get Port (const char* nane)
get Type()
get TypeAttr()
hasAttribute(const char* nane)

i sConfi gured() obsol ete
i sWIdCard() i sWldCard()
I I cConponent | I | oConponent |
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Configurator 1.0 API

Configurator 2.1 API

I | cConponent Type
add(!1cConstraint ct)

addCardPort (11 cPropertyRol e role,
I cConponent Type aType,
const char* nane,
Il cPropertyMde node=I1| cConput ed);

addCardPort (11 cPropertyRol e role,
I cConponent Type aType,
const char* nane,
I'lclnt cardVal ue,
Il cPropertyMde node=I1| cConput ed);

addCardPort (11 cPropertyRol e role,
Il cConponent Type aType,
const char* nane,
Ilclnt cardMn, Ilclnt cardMax,
Il cPropertyMde node=I1| cConput ed);

addI nt Attr(const char* nane,
Ilclnt mn, Ilclnt nax,
Il cPropertyMde node=I1| cConput ed);

addI nt Attr(const char* nane,
IlclntArray val ues,
Il cPropertyMde node=I1| cConput ed);

addPort (Il cPropertyRol e role,
I cConponent Type aType,
const char* nane,
Il cPropertyMde node=l1| cConput ed);

addPort (Il cPropertyRol e role,
I | cConponent Type aType,
const char* nane,
Il clnt cardval ue,
Il cPropertyMde node=I1| cConput ed);

addPort (Il cPropertyRol e role,
I cConponent Type aType,
const char* nane,
Ilclnt cardMn, Ilclnt cardvax,
Il cPropertyMde node=l1| cConput ed);

cl ose();

I | oConponent Type

add(11 oConstraint ct)

addCardPort (I 1 oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Il oAt tr Mode node=I| oConput ed) ;

addCardPort (11 oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Il ol nt cardval ue,
11 oAt tr Mode node=I| oConput ed) ;

addCardPort (I 1 oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Ilolnt cardMn, I|lolnt cardMax,
Il oAt tr Mode node=I| oConput ed) ;

addI nt Attr(const char* nane,
Ilolnt min, Ilolnt max);

addI nt Attr(const char* nane,
Il oNumArray val ues);

addPort (Il oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Il oAt tr Mode node=I| oConput ed) ;

addPort (Il oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Il ol nt cardval ue,
Il oAt tr Mode node=I| oConput ed) ;

addPort (Il oAttrRol e role,
I | oConponent Type aType,
const char* nane,
Ilolnt cardMn, Ilolnt cardMax,
Il oAt tr Mode node=I| oConput ed) ;

Il oConfiguration::close(lloConponent Type)
Il oConfigurator ::close(lloConponent Type)
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Configurator 1.0 API

Configurator 2.1 API

configure();

configure(llclnstanceSel ect selector);

get Confi gurator ()
get Dept h()

get I nstance(const char* nane)

getIntAttr(const char* nane)
get I nterchangeability()

get Label ()

get Name()

get Nunber O | nst ances()

get Port (const char* nane)

get Strategy()

get TypeVar ()
hasProperty(const char* nane)

i sCl osed()

i sLeaf ()
i sRoot ()
i sSubTypeO (11 cConponent Type aType)

i sSuper TypeOr (11 cConponent Type aType)

Il oGoal 11 oConfigueAll (Il oConmponent Type t,
Il oConfigurator cfg,
Il oConfigStrategy st)
Il oGoal 11 oConfigueAll (Il oConmponent Type t,
Il oConfigurator cfg,
Il oConfigStrategy st,
Il ol nst anceSel ect sel)
Obsolete
get Dept h()

Il oConfiguration::getlnstance

(1l oConponent Type t,
Il oConfigurator::getlnstance

(1l oConponent Type t,

const char* nane)
const char* nane)
get NumAttr (const char* nane)
Obsolete
Obsolete
Obsolete
I oConfi guration::get Nunber Of | nst ances
(I'l oConmponent Type t)
Il oConfi gurator::get Number Of | nst ances
(I'l oConponent Type t)
get Port (const char* nane)
Obsolete
get TypeAttr()

Obsolete

Il oConfiguration::isC osed(lloConponent Type t)
Il oConfigurator::isC osed(l|oConponent Type t)

i sLeaf ()
i sRoot ()
i sSubTypeO (11 oConponent Type aType)

i sSuper TypeOf (11 oConponent Type aType)
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Configurator 1.0 API

Configurator 2.1 API

makel nst ance(const char* nanme=0)

makel nstances(I1clnt nunber)

printProperties()

set I nt AttrMax(const char* nane,
I'lclnt max)

setIntAttrM n(const char* nane,
Ilclnt min)

set I nt AttrVal ue(const char* nane,
I'lclnt val ue)

setlnterchangeability
(I'lclnterchangeability it)

set Label (const char* | abel)

set Port Cardi nality(const char* nane,
Il clnt val ue)

set Port Cardi nality(const char* nane,
const char* subType,
I'lclnt val ue)

set Port Car di nal i t yMax
(const char* nanme, |l clnt nmax)

set Port Cardi nal i t yMax(const char* nane,
const char* subType,
I'lclnt max)

set Port Cardi nal i tyM n(const char* nane,
Ilclnt mn)

set Port Cardi nal i tyM n(const char* nane,
const char* subType,
Ilclnt min)

set Strategy(llcConfigStrategy aStrategy)

I oConfi guration:: nmakel nstance(| | oConponent Type t,
const char* nanme=0)

Il oConfi guration:: makel nstances(|| oConponent Type t,
Il ol nt nunber)
Il oConfi gurator:: makel nstances(|| oConponent Type t,
Il ol nt nunber)

Obsolete

set NumAt t r Max(const char* nane, || oNum max)

set NumAttrM n(const char* nanme, |l oNum m n)

set NumAt t r Val ue(const char* nane, |1 oNUm val ue)
Obsolete
Obsolete

set Port Cardi nality(const char* name, |lolnt value)

set Port Cardi nal i ty(const char* nane,
const char* subType,
Il ol nt val ue)

set Port Cardi nal i tyMax(const char* name, |lolnt nax)
set Port Cardi nal i tyMax(const char* nane,

const char* subType,

Il ol nt max)
set Port Cardi nalityM n(const char* name, Ilolnt mn)
set Port Cardi nal i tyM n(const char* nane,

const char* subType,

Ilolnt mn)

11 oConfigStrategy:: setGoal (11 oConponent Type t,
Il oGoal 9Q);
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Configurator 1.0 API

Configurator 2.1 API

| LC_CONFI G_STRATEGYn Obsolete
Il cConfigStrategy Obsolete
Il cConfigStrategyl Obsolete
classifylnstances(llcPort p,) Il oGoal Ilolnstantiate(lloEnv, IloPort)
I'l cBool recursive=llcTrue) Il oGoal Il oDeeplnstantiate(lloEnv, IloPort,

Il oConfi gStrategy)
generateCards(l1lcPort p) Il oGoal |1 oGenerateCards(IloEnv, IloPort)
generateCards(IlcPort p, Il oGoal Il oGenerateCards(IloEnv, IloPort,

Il cCardSel ect sel ect Var, || oCardSel ect sel ect Var,

Il clntSel ect sel ectVal ue) Il clntSel ect sel ectVal ue)
get Component () Obsolete
instantiate(llclintAttr x) Il oGoal Ilolnstantiate(lloEnv, |loNumAttr x)
instantiate(llcintAttr x, IloGoal Ilolnstantiate(lloEnv, IloNumAttr x,

Il clntSelect selector) Il clntSel ect select)
instantiate(llcTypeVar tvar) Il oGoal Ilolnstantiate(lloEnv, IloTypeAttr x)
instantiate(llcTypeVar tvar) Il oGoal Ilolnstantiate(lloEnv, |loTypeAttr x)

Il cTypeSel ect sel ector) Il oTypeSel ect sel ect)
instantiate(llcPort p, Il oGoal |l oConnectOne(lloEnv, |loPort p)

Il cBool recursive=llcTrue) Il oGoal |l oDeepConnect One(!lloEnv, IloPort p,
Il oConfi gStrategy)
instantiate(llcPort p, Il oGoal Il oConnectOne(lloEnv, IloPort p,
Il cConnecti onSel ect sel ector, Il oConnectionSel ect sel ect)
Il cBool recursive=llcTrue) Il oGoal |l oDeepConnect One(!lloEnv, |loPort p,
Il oConfi gStrategy,
Il oConnecti onSel ect)
mexl nstantiate(llcPort p, Il oGoal Ilolnstantiate(lloEnv env, IloPort p,
Il cBool recursive=llcTrue) Il oMaxSet Fi rst)
Il oGoal |1 oDeeplnstantiate(lloEnv env, IloPort p,

Il oMaxSet First,
Il oConfigStrategy st)
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Configurator 1.0 API Configurator 2.1 API

maxl nstantiate(llcPort p, Il oGoal Ilolnstantiate(lloEnv env, IloPort p,
I'l cConnectionSel ect sel ector, I oMaxSet First,
Il cBool recursive=llcTrue); Il oConnecti onSel ect sel)
Il oGoal |1 oDeeplnstantiate(lloEnv env, IloPort p,

I oMaxSet Fi rst,
Il oConfigStrategy st,
Il oConnecti onSel ect sel)

m nlnstantiate(llcPort p, IloGoal Ilolnstantiate(lloEnv env, IloPort p,
Il cBool recursive=llcTrue); 11 oM nSi zeFirst)
Il oGoal |l oDeeplnstantiate(lloEnv env, IloPort p,

Il oM nSi zeFi rst,
Il oConfigStrategy st)

m nlnstantiate(llcPort p, Il oGoal Ilolnstantiate(lloEnv env, IloPort p,
I cConnecti onSel ect sel ector, Il oM nSi zeFirst,
Il cBool recursive=llcTrue); I oConnecti onSel ect sel)
|| oDeepl nstantiate(ll oEnv env, IloPort p,

Il oM nSi zeFirst,
Il oConfigStrategy st,
Il oConnecti onSel ect sel)

appl y() Obsolete

get Manager () Obsolete
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Configurator 1.0 API
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I'l cConfi gurat or
Il cConfigurator (Il cManager m
Ilclnt cardMax=10000)

Il oConfi gurat or

Il oConfigurator(lloSolver solver)
Il oCat al og: : set CardMvax( Il ol nt car dMax)

addType(const char* nane,
I | cConponent | * pr ot 0=0,
Ilclnt estimatedSi ze=256)

Il oCat al og: : addType(const char* nane,
Il olnt estinmatedSi ze=256)

addType(const char* nane,
const char* super Nane)

Il oCat al og: : addType(const char* nane,
const char* super Nane)

addTypeTabl e(1 | cConponent Type t 1,
I | cConponent Type t 2,
Il cConpatibility conpat,
const char* nane=0)

Il oCat al og: : addTypeTabl e(I | oConponent Type t1,
I oConponent Type t 2,
Il oConpatibility conpat,
const char* nanme=0)

cl ose()

error(const char* nessage)
exi st Type(const char* nane)
get Car dMax()

Il oConfigurator::close(lloConponent Type t)
Il oConfi gError

Il oCat al 0g: : exi st Type(const char* nane)

Il oCat al og: : get Car dvax()

get Heap() Obsolete

get Manager () get Sol ver ()

get Phase() Obsolete

get Type(const char* nane) Il oCat al og: : get Type(const char* nane)

get TypeTabl e(const char* nane) Il oCat al 0g: : get TypeTabl e(const char* nane)
i sLi nked() Il oCatal og::isBuilt()

i nk() Il oCatal og: : buil d()

l'i nk(ostream& os) Il oCat al 0g: : bui | d( ost ream& 0s)

newPhase() Obsolete

I'l cConnect (I | cConponent c,
Il cPort aPort)

Il oConnect (11 oConponent c,
Il cConnect (Il oConponent c,

Il oPort aPort) -inthe model
Il cPort aPort) -inthe solver

Il cConnecti onSel ect

Il oConnecti onSel ect

sel ect Conponent (11 cPort p) sel ect (Il oConfigurator cfg, IloPort p)
Il cConnecti onSel ect | I oConnecti onSel ect |
sel ect Conponent (11 cPort p) sel ect (Il oConfigurator cfg, IloPort p)

I'l cDomai nlteration

I'l cDomai nlteration

Il cEval | nstance

I | oEval Conponent

I'l cEval Type

I'l oEval Type

Il clnstancel terator

Il ol nstancel terator

I'l cl nstances

Obsolete
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I'l cl nstanceSel ect Il ol nst anceSel ect
sel ect (I | cConponent Type aType) sel ect (Il oConfigurator cfg,
Ilolnstancelterator& it)
Il cl nstanceSel ect | Il ol nst anceSel ect |
sel ect (I | cConponent Type aType) sel ect (Il oConfigurator cfg,
Ilolnstancelterator& it)
IlclntAttr Il oNumAttr (in the nodel)
IlclntAttr (in the solver)
Il cl nterchangeability Il oSubstituability
I'l cl nterchangeabilityl Il oSubstituabilityl
'l cNot Connect (1| cConponent c, 11 oNot Connect (11 oConponent c, IloPort aPort) - in the
Il cPort aPort) nodel
Il cNot Connect (11 oConponent c, IlcPort aPort) - in the
sol ver
Il cNot Speci al i ze(Il cTypeVar var, I oNot Speci al i ze(Il oTypeAttr, Il oConponent Type t)
'l cConponent Type t) Il cNot Speci al i ze(Il cTypeAttr, Il oConponent Type t)
Il cPort Il oPort (in the model)

Il cPort (in the solver)

Il cPortDeltalterator Il cConnectionDel talterator

Il cPortlterator Il oConnecti onlterator (inthe model)
Il cConnecti onlterator (inthe solver)

I'l cPropertyRol e Il oAttrRol e
Il cHasPart I | oHasPart
I'l cPart Cf I'l oPart O
Il cUses Il oUses
IlcintAttribute Il oNumAttri bute
Il cSpeci alize(llcTypeVar var, Il oSpeci alize(lloTypeAttr, |l oConponentType t)
'l cConponent Type t) Il cSpecialize(llcTypeAttr, |l oConponentType t)
Il cSubTypel terator Il oSubTypel terator
Il cSuper Typel t er at or Il oSuper Typel t er at or
Il cTypeConpatiblity(llcTypeVar var, Il oTypeConpatiblity(lloTypeAttr var,
Il cPort aPort, Il oPort aPort, ol
Il cTypeTabl e aTabl e) 11 oTypeTabl e aTabl e) o)
o
Il cTypeConpatiblity(llcTypeVar varl, Il oTypeConpatiblity(lloTypeAttr varl, =4
I'l cTypeVar var?2, Il oTypeAttr var2, Q
Il cTypeTabl e aTabl e) 11 oTypeTabl e aTabl e) E
o
-
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Il cTypel terator Il oTypel t erat or

Il cTypeSel ect
sel ect Type(l | cTypeVar var)

Il oTypeSel ect

sel ect (Il oConfigurator cfg,

Il oTypeAttr var)

Il cTypeSel ect |
sel ect Type(ll cTypeVar var)

Il oTypeSel ect |

sel ect (Il oConfigurator cfg,

Il oTypeAttr var)

Il cTypeTabl e Il oTypeTabl e

Il cTypeVar

Il oTypeAttr (inthe model)
Il cTypeAttr (inthe solver)

Il cTypeVarDel tal terator

Il cTypeAttrDel talterator

Il cTypeVar| terator

Il cTypeAttriterator

Il cWldCard Il cWldCard
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Migrating from Planner to
Concert Technology

In ILOG Planner 3.3, the functionalities of I | cLi nOpt fall roughly into two categories:
O thosethat can be used in edit mode only and correspond to CPLEX basic functionalities,

O thosethat can be used in search mode only, and program the search and perform linear
relaxation with or without constraint propagation.

In Concert Technology, these categories are reflected by two classes.
O for category 1, theclass| | oCpl ex handles all previous| | cLi nOpt functionalities,
O for category 2, thereisnow theclass| | oLi nConst r ai nt .

This chapter contains two sections, thefirst one describing the changes devoted to category 1
use, the second describing the changes devoted to category 2 use.
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Translating a Planner Application in Edit Mode

With Planner 3.3, an application in edit mode uses only CPLEX features and not Solver
search.

With Concert Technology, an application in edit mode requires the installation of
Concert 1.1 and CPLEX 7.1 — Solver isno longer needed for edit mode. At installation, you
must include the header filei | cpl ex/i | ocpl ex. h.

Creating the Working Object

The classthat handleslinear constraintsin edit modeisnow | | oCpl ex. It replacesthe class
I'l cLi nOpt . The declarations:

I'l cManager m(lIcEdit);
I'lcLinOot lo(m;

are converted to:

Il oEnv env;
I'l oOpl ex cpl ex(env);

Adding Constraints
The member function:
voi d |l cLinearSol ver::add(llcConstraint ct, |lcBool postAl);

does not have adirect equivalent in | | oCpl ex. In Concert Technology, constraints are
added to amodel via the memberfunction:

Il oExtractabl e Il oMbdel :: add(const |l oExtractable x) const;

See Chapter 2, Migrating from Solver to Concert Technology, to find out more about how
linear constraints of thetype | | cConst r ai nt are now created and added to an instance of
I | oMbdel .

All thelinear constraints and the objective function of amodel are extracted by the ext r act
member function of the class| | oCpl ex:

voi d |1 oCpl ex: :extract(const |l oMdel nodel);
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Setting the Objective Function

Setting and changing the objective function is done in the model in Concert. Consequently,
the following lines:

I'l cFl oat Var |1 cLi near Sol ver:: set Gbj M n( Il cFl oat Exp exp,
Il cBool postAll = IlcFal se) const;

Il clntVar Il cLinearSol ver::setCjMn(llclntExp exp,
Il cBool postAll = IlcFalse) const;

©
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are now replaced by:

nmodel . add( || oM ni m ze(<concert |inear expression>))

where<concert |inear expressi on>istheconversion of expression exp to a Concert
expression.

Optimizing

To optimize aproblem, I | cLi nOpt identifies the various L P solvers and the MIP solver by
means of the following functions:

IlcSolutionStatus Il cLinOpt::primal Opt() const;

Il cSol utionStatus |l cLinOpt::dual Opt() const;

Il cSol utionStatus |1 cLinOpt:: networkPrimal Opt() const;

Il cSolutionStatus Il cLinQpt:: networkDual Qpt () const;

Il cSol utionStatus |l cLinOpt::networkPrinmal Opt(llclnt |evel) const;
Il cSol utionStatus |l cLinOpt::networkDual Qopt (Ilclnt |evel) const;
IlcSolutionStatus Il cLinQpt::barrierOpt() const;

Il cSolutionStatus |1 cLinOpt::barrierPrinmal Opt() const;

Il cSol utionStatus |l cLinOpt::barrierDual Opt () const;
IlcSolutionStatus Il cLinQpt::mpOpt() const;

Inl1 oCpl ex, acal to the member function:
I | oBool |11 0Cplex::solve() const

solves the problem by taking into account itstype. That is, if the problem isan LP one, the
default LP solver is used. If itisaMIP problem, the MIP solver is used. The optimization
status can be obtained with the member function:

Il oAl gorithm: Status Il oCplex::getStatus().
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To force an LP optimization of aMIP problem, the user must specify the LP solver with the
function:

voi d |1 oCpl ex: : set Root Al gorithn(1loCplex:: A gorithmalg);
where al g can be one of the valuesin the following enumeration:

enum | | oCpl ex: : Al gorithm {
Il oCpl ex: : Prinal,

Il oCpl ex: : Dual ,

Il oCpl ex: : Barri er,

I'l oCpl ex: : Net wor kPri nal ,
I'1 oCpl ex: : Net wor kDual ,
Il oCpl ex: : Dual Barri er

I
Then the relaxed problem is solved with the function:
Il oBool Il 0oCplex::sol veRel axed();

For example, the code:

I'l cManager m(lIcEdit);
I'lcLinQot lo(m;

IlcSolutionStatus status = lo.prinmal Opt();
istrandated into:

Il oEnv env;
Il oCpl ex cpl ex(env);

cpl ex. set Root Al gorithm( 11 oCpl ex:: Primal);
cpl ex. sol veRel axed();
Il oAl gorithm: Status status = cpl ex. get Status();

Getting the Results
The Planner 3.3 member functions to obtain the value of an expression:

I'l cFl oat Il cLinearSol ver:: get CurrentVal ue(ll cFl oat Exp var) const;
Il cFl oat |l cLinearSol ver::getCurrentVal ue(llclntExp var) const;

are converted in Concert Technology to:
Il oNum I'| oCpl ex: : get Val ue(const |1 oExpr e) const;
Sincetheclasses| | oExpr and | | oNunVar are unrelated, we also have:

Il oNum I'l oCpl ex: : get Val ue(const |l oNunVar x) const;
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Similarly, the memberfunctions;

Il cFl oat |1l cLinear Sol ver: : get ReducedCost (|| cFl oat Var var) const;
Il cFl oat |1l cLinearSol ver: : get ReducedCost (I cl ntVar var) const;

are converted to:
Il oNum | | oCpl ex: : get ReducedCost (const || oNunVar x) const;

Also the member function:

o
Y
)
>
5
®
@

Il cFl oat IlcLinOpt::getDual Val ue(llcConstraint c) const;

istrandated to the member functions:

I oNum I'l oCpl ex: : get Dual (const || oRange range);

Similarly, the member function:

Il cFloat IlcLinOpt::getSlackValue(llcConstraint c) const;
istranslated to the member function:

Il oNum I | oCpl ex: : get Sl ack(const |1 oRange range);

To obtain the objective value, the member function:

Il cFl oat IlcLinOpt::getChjVal ue() const;

is converted to:

Il oNum | | oCpl ex: : get Cbj Val ue() const;

The correspondence between Planner 3.3 and Concert/CPLEX functions for obtaining
statisticsis given in the following table:

Planner 3.3 Functions Concert 1.1 and CPLEX 7.1 Functions
Ilclnt IlcLinOpt::getNoOrConstraints() const; Ilolnt I1oCplex::getNrows() const;
Ilclnt IlcLinOpt::getNbOFfVars() const; Ilolnt IloCplex::getNcols() const;
Ilclnt IlcLinOpt::get NbOf NonZeros() const; Ilolnt IloCplex::getNnz() const;
Ilclnt IlcLinOpt::getNoOflterations() const; Ilolnt IloCplex::getNterations() const;
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Exceptions
The call to the member function:
void |l cLinOpt::useExceptions(llcBool uselt = IlcTrue) const;

hasnho equivalentin | | oLi nConst r ai nt since exceptions are now aways used in Concert
and CPLEX. Theclass| | cLi nOpt Except i on of exceptions thrown in Planner 3.3 is how
replaced by I | oExcept i on, documented in the ILOG Concert Technology Reference

Manual.

Bound Changes

In Planner 3.3, bounds are changed by means of the member functions:

void |lcLinOpt::chgBounds(llclintVar x, Ilclnt min, Ilclnt max) const;

void |lcLinOpt::chgBounds(llcFloatVar x, |IlcFloat mn, |IcFloat max) const;
void |lcLinOpt::chglLowerBound(llclntVar x, Ilclnt mn) const;

voi d |l cLinOpt::chgLowerBound(IIlcFloatVar x, |lcFloat mn) const;

void |lcLinOpt::chgUpperBound(llclntVar x, Ilclnt max) const;

voi d |l cLinOpt::chgUpperBound(lIlcFl oatVar x, |lcFloat max) const;

In Concert and CPLEX, bounds are changed directly on the variables of the model by means
of the member functions:

void |l oNunVar::setLb(lloNum|b) const;
void |l oNunVar::setUb(lloNum ub) const;

Constraint Removal

You can remove a constraint from aproblemin aninstance of 1 | cLi nOpt with the member
function:

void |lcLinOpt::renmove(const |lcConstraint& ct) const;

In Concert and CPLEX, this operation is performed directly on the model by the member
function:

void |l oModel ::renove(const |l oExtractable x) const;

Parameter Handling

To change a parameter on an instance of | | cLi nOpt , the following member functions, that
depend on the parameter type, are used:

void |l cLinOpt::setParan(l|cBool Param |1cBool) const;

void |lcLinOpt::setParan(llclntParam Ilclnt) const;

void |lcLinOpt::setParan(l|cFloatParam |IcFl oat) const;
void |lcLinOpt::setParan(llcStringParam const char*) const;
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In Concert and CPLEX, thisis done with the member functions:

voi d |1 oCpl ex: : set Paran{Bool Param paraneter, |loBool val ue);
voi d || oCpl ex: : set Paran( | nt Par am paraneter, |lolnt value);
voi d |1 oCpl ex: : set Paran{ NunParam paraneter, |loNum val ue);

voi d |1 oCpl ex: : set Paran( St ri ngParam paraneter, const char* val ue);
The Planner 3.3 member function to reset all parametersto their default val ues:

void |l cLinOpt::setParansDefault() const;
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isnow, in Concert and CPLEX:

void |1 oCpl ex: :setDefaults();

The member functions that read parameters:

I'l cBool |1cLinOpt:: getParan(!|cBool Param) const;

Ilclnt IlcLinOpt::getParanm(llclntParan) const;

Il cFl oat Il cLinOpt::getParan(l!cFloatParam const;

char* IlcLinOpt::getParan(llcStringParam char* buffer) const;

are now called:

11 oBool I'1 oCpl ex: : get Par an{ Bool Param paraneter) const;
Il ol nt I'1 oCpl ex: : get Par an( | nt Par am par aneter) const;
Il oNum I'1 oCpl ex: : get Par an{ NunPar am paraneter) const;

const char* |1 oCpl ex:: getParan(StringParam paraneter) const;
To read default values and the range of values of parameters, the member functions:

I'l cBool |1 cLinOpt:: getParanDefaul t (Il cBool Param const;

Ilclnt |lcLinOpt::getParanDefault(llclntParanm const;

Il cFl oat Il cLinOpt:: getParanDefaul t(IIcFloatParamn const;

char* Il cLi nOpt:: get ParamDefaul t (I1cStringParam char* buffer) const;
Ilclnt IlcLinOpt::getParanM n(llclntParanm const;

Il cFloat IlcLinOpt::getParamM n(11|cFl oat Param const;

Ilclnt IlcLinOpt::getParamvax(llclntParanm const;

Il cFl oat Il cLinOpt:: getParamvax(| | cFl oat Paranm) const;

are now called:

11 oBool I'1 oCpl ex: : get Def aul t (Bool Param  paraneter) const;
I'l ol nt I'l oCpl ex: : get Def aul t (I nt Param paraneter) const;
Il oNum Il oCpl ex: : get Def aul t (NunParam par aneter) const;
const char* |1 oCplex::getDefault(StringParam paraneter) const;
I'l ol nt I'l oCpl ex: : get M n( I nt Param paraneter) const;

Il oNum Il oCpl ex: : get M n(NunParam paraneter) const;

I'l ol nt 11 oCpl ex: : get Max( | nt Par am paraneter) const;

Il oNum Il oCpl ex: : get Max(NunParam paraneter) const;
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Basis Handling

In Planner 3.3, a basis is amapping between variables and constraintsinthe |l | cLi nOpt
object on one hand and a status on the other hand.

In Concert 1.1 and CPLEX 7.1, abasisis represented by two arrays of status valuesin
instances of:

Il oCpl ex: : Basi sSt at usArray
one for the variables and one for the constraints.
To get or to fill abasisfrom aninstance of I | cLi nOpt , these member functions are called:

Il cBasis |l cLinOpt::getBasis() const;
void IlcLinOpt::fillBasis(llcBasis) const;

To get abasis from an instance of | | oCpl ex, create two arrays of basis status values
(cst at for thevariablesandr st at s for the ranges) and fill them by means of the member
function:

voi d |1 oCpl ex: : get St at uses(Basi sStatusArray cstat, const |l oNunVarArray var,
Basi sStatusArray rstat, const |l oRangeArray con) const;

To set abasisfor aninstance of I | cLi nOpt , this member function is called:
void Il cLinOpt::setBasis(IlcBasis)const;

To set abasisfor an instance of | | oCpl ex, thetwo arrays of basis status values (cst at for
thevariablesandr st at s for the ranges) must be given to the following member function:

voi d |1 oCpl ex: : set St at uses(const Basi sStatusArray cstat,
const |l oNunVarArray var,
const BasisStatusArray rstat,
const |l oRangeArray con);

Handling Problem Types

Thereisno problem type handling in 1 | oCpl ex astherewasin| | cLi nOpt . Thefollowing
member function lets you know whether the problem extracted isa MIP:

Il oBool |1 0oCplex::isMP() const;
You can solve the relaxed problem with the member function:
Il oBool Il 0oCplex::sol veRel axed();

You can solve the problem where all the integer variables are fixed to their current values
with the member function:

11 oBool |1 0oCplex::sol veFi xed();
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Output

To output afileina CPLEX format such as. | p, . nps or . sav, the member function:
void IlcLinOpt::witeProbl emconst char* filenane) const;

is converted to:

voi d |1 oCpl ex: : exportModel (const char* filename) const;
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Priority Orders

In Planner 3.3, it is possible to specify a priority order for branching on variables with the
member function:

void setPriOrder(llclntVarArray vars,
IlclntArray priorities,
IlclntArray directions) const;

wherepri oriti es containsthe priorities for the variablesin the array var s and
di recti ons contains the branching directions for the variablesin var s.

In Concert and CPLEX, priorities for an array of variables are specified with the member
function:

void Il oQplex::setPriorities(const IloNunVarArray var, const |loNunArray pri);
and the branching directions are specified with the member function:

void |l oCplex::setDirections
(const IloNunVarArray var, const BranchDirectionArray dir);

The branching directions are translated in the following way:

I'l cBranch@ obal becomes I I oCpl ex: : Branchd obal
I'l cBranchUp becomes I I oCpl ex: : BranchUp

Il ¢cBranchDown becomes I I oCpl ex: : BranchDown
Callbacks

In Planner 3.3, callbacks are defined with the macro | LCCALLBACK; its body isthe main
code to execute. Then callback isset tothe | | oLi nOpt instance as an LP callback with a
call to the member function:

voi d |1 oLinOpt::setLPCallback(llcCall Back)
or asaMIP callback with acall to the member function:
voi d |l oLinOpt::setM PCall back(Il cCal | Back)
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In Concert 1.1 and CPLEX 7.1, callbacks are defined in a similar way. However, there are
several types of callbacks:

O AnLP callback is defined with the macro | LOLPCALLBACK.
0O A MIP calback is defined with the macro | LOM PCALLBACK.
O More specific callbacks can be defined with other macros. For instance:

. | LOPRESOLVECALLBACK defines a callback called fromthel | oCpl ex presolve
routine.

. | LOCROSSOVERCALLBACK defines acallback called from thel | oCpl ex crossover
routine.

Callbacks are then set to the | | oCpl ex instance with a call to the member function:
Il oQpl ex: : Cal | back use(ll oCpl ex: : Cal | back) ;

Planner 3.3 provides the following member functions to read information from the code of a

callback:
Il cFloat IlcLinOpt::getCallbacklnfo(llcFloatCallbacklnfo whichlnfo) const;
I'lclnt I'l cLi nOpt: : get Cal | backl nfo(Il cl nt Cal | backl nf o whi chl nfo) const;

wherel | cFl oat Cal | backl nfoand| | cl nt Cal | backl nf o are enumerated types of
information that can be read.

In Concert and CPLEX, each piece of information is obtained with a specific member
function of 1 | oCpl ex: : LPCal | back and | | oCpl ex: : M PCal | back.

With regard to information available in LP callbacks, the following table maps the
Planner 3.3 enumerated type and the Concert and CPLEX member function.

Planner 3.3 Concert 1.1 and CPLEX 7.1
Il cCal | backl nf oPri mal Qoj I oNum || oCpl ex: : LPCal | back: : get Obj Val ue()
Il cCal | backl nf oDual Obj I oNum I'| oCpl ex: : LPCal | back: : get Obj Val ue()

Il cCal | backl nfoPrimal | nf Meas [I1 oNum || oCpl ex: : LPCal | back: : getI nfeasibility() const

I I cCal | backl nf oDual | nf Meas I oNum I | oCpl ex: : LPCal | back: : getlnfeasibility() const
|| cCal | backl nf oPri nal Feas I I oBool 11 0Cplex::LPCallback::isFeasible() const

Il cCal | backl nf oDual Feas I I oBool 11 0oCplex::LPCallback::isFeasible() const

I | cCal | backl nf ol t Count Ilolnt IloCplex::LPCallback::getNterations() const
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Crossover information is accessible only in crossover callbacks defined with the macro
| LOCROSSOVERCALLBACK. The mapping is:

Planner 3.3 Concert 1.1 and CPLEX 7.1

I | cCal | backl nf oCr ossover PPush |11 olnt 110Cpl ex:: Crossover Cal | back: : get Npri mal Pushes() const

Il cCal | backl nf oCr ossover PExch [I1olnt I1oCplex::CrossoverCall back:: get Npri mal Exchanges() const
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Il cCal | backl nf oCr ossover DPush |11 oln Il oCpl ex:: Crossover Cal | back: : get Ndual Pushes() const

I | cCal | backl nf oOr ossover DExch |11 olnt 110oCpl ex:: O ossover Cal | back: : get Ndual Exchanges() const

I I cCal | backl nf oCr ossover ShCnt |11 olnt Il 0oCpl ex:: Crossover Cal | back: : get Nsuper basi cs() const

For information available in MIP callbacks the mapping is:

Planner 3.3 Concert 1.1 and CPLEX 7.1
Il cCal | backl nf oNodeCount Ilolnt IloCplex::MPCall back: : get Nnodes() const
Il cCal | backl nf oNodesLef t Ilolnt IloCplex::MPCall back: : get Nrenai ni ngNodes() const
Il cCal | backl nfoM Pl terations Ilolnt IloCplex::MPCallback::getNterations() const
Il cCal | backl nf od i queCount Ilolnt I'loCplex::MPCall back:: getNcliques() const
Il cCal | backl nf oCover Count Ilolnt IloCplex::MPCall back:: get Ncovers() const
Il cCal | backl nf oBest | nt eger Il oNum Il oCpl ex: : M PCal | back: : get | ncunbent Cbj Val ue() const;
Il cCal | backl nf oBest Renai ni ng Il oNum Il oCpl ex: : M PCal | back: : get Best Cbj Val ue() const;
Il cCal | backl nf oCut of f Il oNum Il oCpl ex: : M PCal | back: : get Cut of f () const;

Presolve information is available only in the presolve callback defined with the macro
| LOPRESOLVECALLBACK. The mapping is:

Planner 3.3 Concert 1.1 and CPLEX 7.1
Il cCal | backl nf oPr esol veRowsCGone Ilolnt Il oCpl ex:: Presol veCal | back: : get NrenovedRows() const
I'l cCal | backl nf oPr esol veCol sGone Ilolnt Il oCpl ex:: Presol veCal | back: : get NrenpbvedCol s() const
I I cCal | backl nf oPr esol veAggSubst Ilolnt Il oCpl ex:: Presol veCal | back: : get Naggr egati ons() const
Il cCal | backl nf oPr esol veCoef f s Ilolnt I'l oCpl ex:: Presol veCal | back: : get Nnodi fi edCoef fs() const
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Translating a Planner Application in Search Mode

In Planner 3.3, an application in search mode uses CPLEX features and Solver search.

With Concert Technology, the same application requires the installation of Concert 1.1,
CPLEX 7.1, and Solver 5.1. At installation, you must include the header file
il solver/ilohybrid.h.

Creating the Working Object

The class that handles linear constraintsin search modeisnow | | oLi nConstrai nt. It
replaces| | cLi nOpt . The declarations:

I'l cManager n(lIcEdit);
I'lcLinOot lo(m;

arereplaced in Concert 1.1 and Solver 5.1 by:

Il oEnv env;
I'l oSol ver sol ver(env);
Il oLi nConstraint |c(solver);

Adding Constraints
The member function:
voi d |l cLinearSol ver::add(llcConstraint ct, |lcBool postAl);

does not have adirect equivalentin | | oLi nConst r ai nt . Constraints are added to a model
using the associated instance of | | 0Sol ver . We distinguish two cases: the call of this
function in edit mode and the call in search mode.

O Inthefirst case, the function call is part of the model definition and is equivaent to the
addition of aconstraint to amodel viathe member function:

Il oExtractabl e Il oMbdel :: add(const |l oExtractable x) const;

See Chapter 2, Migrating from Solver to Concert Technology, to learn more about how
linear constraints of type I | cConst r ai nt are now created and added to an instance of
I 1 oModel . All linear constraints of amodel are extracted to each instance of

I oLi nConstrai nt created with a solver when the following member function is
called:

void |l oSol ver::extract(const || oMdel nodel) const;

O Inthe second case, the constraint is created in search mode, and it must be of type
Il cConstrai nt. A linear constraint of amodel is added to each instance of
Il oLi nConst rai nt created with a solver when the following member function is
caled:

void |l oSol ver::add(llcConstraint ct);
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Thepost Al | argument determines whether the constraint was added to Solver and Planner
(postAll = 11cTrue) ortoPlanner only (post All = Il cFal se).With

I'l oLi nConst rai nt, constraints are, by default, addedto | | oSol ver and to

Il oLi nConstrai nt.Toforceaconstraint to beaddedto | | oLi nConst rai nt only, use
the member function:

voi d |l oLinConstraint::setSynchronization(lloLinConstraint:: Synchronization s);

Whens = Il oLinConstraint:: Li nConstrai nt Onl y, constraints are extracted and
added to theinstance of | | oLi nConst r ai nt but not to theinstance of 1 | 0oSol ver. When
s = Li nConstrai nt AndSol ver, constraints are added to both instances.

o
Y
)
>
5
®
@

Setting the Objective Function

In ILOG Concert Technology, setting and changing the objective function is done in the
model. So, the function equivalent to:

I'l cFl oat Var |1 cLi near Sol ver::setCbj M n(lIcFl oat Exp exp,
Il cBool postAll = IlcFal se) const;

Il clntVar Il cLinearSol ver::setCjMn(llclntExp exp,
Il cBool postAll = IlcFalse) const;

is now replaced by:

nmodel . add( I | oM ni m ze(<concert |inear expression>))

where<concert |inear expressi on>isthetrandation of expression exp asa Concert
expression.

When you set an objective function in Planner 3.3, aconstraint is added to Solver to equalize
the objective function and the variable returned by the set Obj Max or set Cbj M n function.
If post ALl = Il cTrue, thisconstraint is also added to Solver.

For this constraint to be added to Solver in Concert Technology, it is now necessary to call
the function:

voi d || oLi nConstraint::setSynchronization(lloLi nConstraint:: Synchronization s);
withs = Li nConstrai nt AndSol ver before extracting the model.

Notethat | | oLi nConst rai nt allowsyou to change the objective function in areversible
way with the member functions:

void |l oLinConstraint::setCbjMn(const IlcFloatExp e, |loBool propagate = Il oTrue);
void IloLinConstraint::setCjMn(const IlclntExp e, |loBool propagate = |l o0True);

The trandation is similar for the member functions:

I'l cFl oat Var |1 cLi near Sol ver: : set Cbj Max( || cFl oat Exp exp,
Il cBool postAll = IlcFal se) const;

Il clntVar |1l cLinearSol ver::setQbj Max( 1l clnt Exp exp,
Il cBool postAll = IlcFalse) const;
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Getting Results
The member functions:

I'l cFl oat Il cLinearSol ver:: getCurrentVal ue(l |l cFl oat Exp var) const;
Il cFl oat |l cLinearSol ver::getCurrentVal ue(llclntExp var) const;

are converted to:

Il oNum I'l oLi nConstraint::getVal ue(const |l oExpr e) const;
Sincetheclasses| | oExpr and | | oNunVar are unrelated, we also have:

I oNum I'| oLi nConstraint::getVal ue(const IloNunVar x) const;
Observethat for I | c. .. expressions created during search we also have:

Il oNum I'| oLi nConstraint::getVal ue(const IlclntExp e) const;
I'l oNum | | oLi nConstrai nt: : get Val ue(const |1 cFl oat Exp e) const;

Similarly, the member functions:

Il cFl oat Il cLinearSol ver: : get ReducedCost (|| cFl oat Var var) const;
Il cFl oat |1l cLinearSol ver: : get ReducedCost (I cl ntVar var) const;

can be converted using one of these member functions:

I oNum I | oLi nConstrai nt:: get ReducedCost (const IlclntVar x) const;
I oNum I'| oLi nConstraint::get ReducedCost (const |l cFl oatVar x) const;
Il oNum Il oLi nConstraint::get ReducedCost (const |l oNunVar x) const;

Also the member function:
Il cFloat IlcLinOpt::getbDual Val ue(llcConstraint c) const;
istranglated using the member functions:

Il oNum I'| oLi nConstraint::getbual (const IlcConstraint ct);
I oNum I'l oLi nConstraint::getDual (const |l oRange range);

Similarly, the member function:
Il cFloat IlcLinOpt::getSl ackVal ue(llcConstraint c) const;
istranglated using the member functions:

Il oNum I'l oLi nConstraint::getSlack(const IlcConstraint ct);
Il oNum I'l oLi nConstraint::getSlack(const Il oRange range);

To get the objective value, the member function:
Il cFloat IlcLinOpt::getChjVal ue() const;
istrandated to:

Il oNum I'| oLi nConstraint:: get Chj Val ue() const;
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The following table gives the mappings between new and previous member functions for
obtaining statistics.

Planner 3.3 Concert 1.1 and CPLEX 7.1
Ilclnt I'lcLinOpt::get NoOf Constraints() const; |llolnt IloLinConstraint::getNows() const; :
Ilclnt IlcLinOpt::get NoOf Vars() const; Ilolnt IloLinConstraint::getNcols() const; %_’
Ilclnt I'lcLinOpt::get NoOf NonZeros() const; Ilolnt IloLinConstraint::getNnz() const; SJE
Ilclnt I'lcLinOpt::getNoOfIterations() const; Ilolnt IloLinConstraint::getNterations() const;
Ilclnt IlcLinOpt::get MenoryUsed() const; Ilolnt IloLinConstraint::get MenoryUsage() const;

Optimization Algorithms

In Planner 3.3, the member function for setting the root node algorithmis:

void |lcLinOpt::setFirstMethod(llcOptMthod method, Ilclint |evel = 1) const;
where net hod is one of the enumerated values:

enum | | cOpt Met hod {
Il cPrimal,

Il cDual ,

I | cNet wor kPri mal ,

I I cNet wor kDual ,
IlcBarrierPriml,
Il cBarrierDual,

}s
In Concert 1.1 and Solver 5.1, it is:

voi d |l oLinConstraint::setRootAl gorithn(lloCplex::Al gorithm al go,
Ilolnt level = 1);

where al go isone of the enumerated values:

enum | | oCpl ex: : Al gorithm {
Il oCpl ex::Primal,
Il oCpl ex: : Dual ,
Il oCpl ex::Barrier,
I'1 oCpl ex: : Net wor kPri mal ,
I'1 oCpl ex: : Net wor kDual ,
Il oCpl ex: : Dual Barri er

ILOG CONCERT TECHNOLOGY 1.1 — MIGRATION GUIDE 91



TRANSLATING A PLANNER APPLICATION IN SEARCH MODE

The correspondence between new and old names is the following:

Planner 3.3 Concert 1.1 and CPLEX 7.1
I'l cPrimal | oCpl ex: : Pri mal
I'l cbual Il oCpl ex: : Dual
I'l cNet wor kPri mal I'1 oCpl ex: : Net wor kPri nal
I'l cNet wor kDual I'1 oCpl ex: : Net wor kDual
Il cBarrierPrinal Il oCpl ex: : BarrierPrinal
I'l cBarrierDual Il oCpl ex: : Barri er Dual

The member function:

voi d |l cLinOpt:: set SearchMet hod(I | cOpt Met hod met hod) const;

is now:

voi d || oLi nConstraint::setNodeAl gorithn(lloCplex:: A gorithm al go);

Precision Handling

Precision is handled the sasmeway in | | oLi nConst rai nt asinl | cLi nOpt . However, the
name for accessing the tolerance value for integrality checking and for the rounding
procedure has changed. The member function:

Il cFloat IlcLinOpt::getFuzzVal ue() const

is converted to:

Il oNum I'l oLi nConstrai nt:: get FeasTol erance() const;
and the member function:

void |lcLinOpt::setFuzzval ue(ll cFl oat p)

is converted to:

voi d |l oLinConstraint::setFeasTol erance(ll oNumtol) const;

Variable Instantiation

The Planner 3.3 member function:

void |lcLinOpt::trySolution()

used to instantiate all variables appearing in the invoking object to their current valueis now:
voi d |l oLinConstraint::fixAl Il VarsToVal ue()

Note that Concert also supports member functions that enable you to fix variables, and
arrays of variables, independently.
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Exceptions
The call to the Planner 3.3 member function:
void |l cLinOpt::useExceptions(llcBool uselt = IlcTrue) const;

has no equivalent in I | oLi nConst r ai nt since exceptions are always used in Concert 1.1
and Solver 5.1.

The exceptions thrown from the Planner 3.3 class | | cLi nOpt Except i on are now replaced
by I | oExcepti on.

©
o
Y
>
=
®
=

Goals

The member function:

Il cGoal IlcLinOpt::getPiecew selLi near Gener at eGoal () const;

is now replaced by the member function:

Il oGoal |1 oGoal Pi ecew seLinear(lloEnv env, |loLinConstraint |c);
that creates a Concert goal, and by:

Il cGoal |1 oCoal Pi ecew seLinear(IloSolver, |loLinConstraint Ic);

that creates a Solver goa for enumerating on segments of a piecewise linear expression
which has been extracted from the model.

Miscellaneous Functions

The following rounding functions from Planner 3.3 have a direct translation in Concert 1.1

and Solver 5.1.
Planner 3.3 Concert 1.1 and CPLEX 7.1

Ilclnt IlcLinearSolver::nearest(llcFloat x) const; |IloNumIloLinConstraint::nearest(lloNuma) const;
Ilclnt IlcLinearSolver::trunc(llcFloat x) const; IloNum I'l oLi nConstraint::trunc(lloNuma) const;
Il cFloat IlcLinearSolver::frac(llcFloat x) const; |lIloNumlloLinConstraint::frac(lloNuma) const;
Il cFloat IlcLinearSolver::distTolnt(llcF oat x) const; [IloNumlloLinConstraint::

distTolnt(lloNuma) const;
Il cFloat IlcLinearSolver::floor(llcFloat x) const; |IloNumIloLinConstraint::floor(lloNuma) const;
Il cFloat IlcLinearSolver::ceil(llcFloat x) const; |[lloNumIloLinConstraint::ceil(lloNuma) const;
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The member functions for print information on a stream:

voi d |l cLinearSol ver::printlnfornation() const;
voi d |l cLinearSol ver::printlnformati on(ostream& str) const;

are trandated to:

voi d |l oLinConstraint::printlnfornation(ostrean& strean) const;
void IloLinConstraint::printlnformation() const;

Variable Selection

The selection functions over an array of integer variables that were defined by the macro:
Il cChooseM xedl ndex1(name, criterion, type)

can be defined by the more general macro | LOSELECTVARN. For example, the macro:

Il cChooseM xedl ndex1( Most Not | nt eger, -linsolver.distTolnt(val), I|lclntVar)

defines the function Most Not | nt eger (1l cl ntVarArray x, |loLinOpt |0).This
function selects the variable that has the “least integer” value. The same function can be
defined with the macro | LOSELECTVARN:

| LOSELECTVAR2( Most Not I nt eger, |l oNunVar, x, |loLinConstraint, |c){
IloNumdist = lc.distTolnt(lc.getValue(x));
return (dist > |Ic.getFeasTol erance()) ? dist : -llclnfinity;

}
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