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range Slots = ...;
range Configs = ...;
range Options = ...;
int demand[Configs] = ...;
int nbCars = sum(c in Configs) demand[c];
int lb[Options] = ...;
int ub[Options] = ...;
int requires[Options,Config] = ...;
var{int} line[Slots] in Configs;
var{int} setup[Options,Slots] in 0..1;

solve {
   forall(c in Configs)
      sum(s in Slots) (line[s] = c) = demand[c];
   
   forall(s in Slots,o in Options)
      setup[o,s] = requires[o,line[s]];

   forall(o in Options, s in 1..nbCars-ub[o]+1)
      sum(j in s..s+ub[o]-1) setup[o,s] <= lb[o];
}   
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range Slots = ...;
range Configs = ...;
range Options = ...;
int demand[Configs] = ...;
int lb[Options] = ...;
int ub[Options] = ...;
int requires[Options,Config] = ...;
var{int} line[Cars] in Configs;
var{int} setup[Options,Slots] in 0..1;

solve {
   forall(c in Configs)
      sum(s in Slots) (line[s] = c) = demand[c];
   forall(s in Slots,o in Options)
      setup[o,s] = requires[o,line[s]];
   forall(o in Options, s in 1..nbCars-ub[o]+1)
      sum(j in s..s+ub[o]-1) setup[o,s] <= lb[o];
   
   forall(o in Options, i in 1..demand[o])
      sum(s in 1..nbCars-i*ub[o]) setup[o,s] >= demand[o] - i*lb[o];
   
}   
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Dual Modeling
‣Sometimes there are multiple ways of 

modeling a problem
– not the same decision variables

22
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Dual Modeling
‣Sometimes there are multiple ways of 

modeling a problem
– not the same decision variables
‣The two models may have complementary 

strengths
– hard to choose between them
– some constraints are easier to express in one 

model and others in the other one
‣Dual modeling

– the idea of stating multiple models of a problem 
and linking them with constraints                                                           
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Back to the 8-Queens Problem
‣What are the decision variables?

–  many possible modelings
• this is what makes optimization problems interesting :-)
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Back to the 8-Queens Problem
‣What are the decision variables?

–  many possible modelings
• this is what makes optimization problems interesting :-)

‣Here is another modeling
–  associate a decision variable with each row
–  the variable denotes the column of the queens 

placed in this row
‣What are the constraints?

–  the queens cannot be placed on the same row
–  the queens cannot be placed on the same 

upward diagonal
–  the queens cannot be placed on the same 

downward diagonal
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The 8-Queens Problem with Dual Modeling

25

range R = 1..8;
range C = 1..8;
var{int} row[C] in R;
var{int} col[R] in C
solve {
   forall(i in R,j in R: i < j) {
      row[i] ≠  row[j];
      row[i] ≠  row[j] + (j - i);
      row[i] ≠  row[j] - (j - i);
   }
   forall(i in C,j in C: i < j) {
      col[i] ≠  col[j];
      col[i] ≠  col[j] + (j - i);
      col[i] ≠  col[j] - (j - i);
   }
   forall(r in R,c in C)
      (row[c] = r) <=> (col[r] = c);
}
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