TSP – Sicilia Parziale LINGO

!1= Catania, 2= Siracusa, 3= Ragusa, 4= Enna, 5= Messina, 6= Palermo;

!Distanza minima;
MIN = 67* x12 + 105 * x13 + 86 * x14 + 87* x15 + 208 * x16 
    + 66 * x21 + 91 * x23 + 136 * x24 + 161 * x25 + 258 * x26 
    + 104 * x31 + 89 * x32 + 123 * x34 + 199 * x35 + 263 * x36
    + 86 * x41 + 105 * x42 + 123 * x43 + 182 * x45 + 137 * x46 
    + 96 * x51 + 162 * x52 + 200 * x53 + 181 * x54 + 223 * x56 
    + 211 * x61 + 261 * x62 + 266 * x63 + 138 * x64 + 224 * x65; 
!Variabili binarie;
@BIN(x12); @BIN(x13); @BIN(x14); @BIN(x15); @BIN(x16); 
@BIN(x21); @BIN(x23); @BIN(x24); @BIN(x25); @BIN(x26); 
@BIN(x31); @BIN(x32); @BIN(x34); @BIN(x35); @BIN(x36); 
@BIN(x41); @BIN(x42); @BIN(x43); @BIN(x45); @BIN(x46);
@BIN(x51); @BIN(x52); @BIN(x53); @BIN(x54); @BIN(x56);
@BIN(x61); @BIN(x62); @BIN(x63); @BIN(x64); @BIN(x65); 

!Vincolo di destinazione;
x21 + x31 + x41 + x51 + x61 = 1;
x12 + x32 + x42 + x52 + x62 = 1;
x13 + x23 + x43 + x53 + x63 = 1;
x14 + x24 + x34 + x54 + x64 = 1;
x15 + x25 + x35 + x45 + x65 = 1;
x16 + x26 + x36 + x46 + x56 = 1;


!Vincolo di origine;
x12 + x13 + x14 + x15 + x16 = 1;
x21 + x23 + x24 + x25 + x26 = 1;
x31 + x32 + x34 + x35 + x36 = 1;
x41 + x42 + x43 + x45 + x46 = 1;
x51 + x52 + x53 + x54 + x56 = 1;
x61 + x62 + x63 + x64 + x65 = 1;
Svolgimento
I FASE:
Global optimal solution found.
Objective value:                              638.0000
  Objective bound:                              638.0000
  Infeasibilities:                              0.000000
  Extended solver steps:                               0
  Total solver iterations:                             0
  Elapsed runtime seconds:                          0.07

  Model Class:                                      PILP

  Total variables:                     30
  Nonlinear variables:                  0
  Integer variables:                   30

  Total constraints:                   13
  Nonlinear constraints:                0

  Total nonzeros:                      90
  Nonlinear nonzeros:                   0



                                Variable           Value        Reduced Cost
                                     X12        0.000000            67.00000
                                     X13        0.000000            105.0000
                                     X14        0.000000            86.00000
X15        1.000000            87.00000
                                     X16        0.000000            208.0000
                                     X21        0.000000            66.00000
X23        1.000000            91.00000
                                     X24        0.000000            136.0000
                                     X25        0.000000            161.0000
                                     X26        0.000000            258.0000
                                     X31        0.000000            104.0000
X32        1.000000            89.00000
                                     X34        0.000000            123.0000
                                     X35        0.000000            199.0000
                                     X36        0.000000            263.0000
                                     X41        0.000000            86.00000
                                     X42        0.000000            105.0000
                                     X43        0.000000            123.0000
                                     X45        0.000000            182.0000
X46        1.000000            137.0000
X51        1.000000            96.00000
                                     X52        0.000000            162.0000
                                     X53        0.000000            200.0000
                                     X54        0.000000            181.0000
                                     X56        0.000000            223.0000
                                     X61        0.000000            211.0000
                                     X62        0.000000            261.0000
                                     X63        0.000000            266.0000
X64        1.000000            138.0000
                                     X65        0.000000            224.0000

                                     Row    Slack or Surplus      Dual Price
1        638.0000           -1.000000
                                       2        0.000000            0.000000
                                       3        0.000000            0.000000
                                       4        0.000000            0.000000
                                       5        0.000000            0.000000
                                       6        0.000000            0.000000
                                       7        0.000000            0.000000
                                       8        0.000000            0.000000
                                       9        0.000000            0.000000
                                      10        0.000000            0.000000
                                      11        0.000000            0.000000
                                      12        0.000000            0.000000
                                      13        0.000000            0.000000




II FASE: eliminazione dei sottocircuiti
!1= Catania, 2= Siracusa, 3= Ragusa, 4= Enna, 5= Messina, 6= Palermo;
!Distanza minima;
MIN = 67* x12 + 105 * x13 + 86 * x14 + 87* x15 + 208 * x16 
    + 66 * x21 + 91 * x23 + 136 * x24 + 161 * x25 + 258 * x26 
    + 104 * x31 + 89 * x32 + 123 * x34 + 199 * x35 + 263 * x36
    + 86 * x41 + 105 * x42 + 123 * x43 + 182 * x45 + 137 * x46 
    + 96 * x51 + 162 * x52 + 200 * x53 + 181 * x54 + 223 * x56 
    + 211 * x61 + 261 * x62 + 266 * x63 + 138 * x64 + 224 * x65; 
!Variabili binarie;
@BIN(x12);
@BIN(x13); 
@BIN(x14); 
@BIN(x15); 
@BIN(x16); 

@BIN(x21); 
@BIN(x23); 
@BIN(x24); 
@BIN(x25); 
@BIN(x26); 

@BIN(x31); 
@BIN(x32); 
@BIN(x34); 
@BIN(x35); 
@BIN(x36); 

@BIN(x41); 
@BIN(x42); 
@BIN(x43); 
@BIN(x45); 
@BIN(x46);

@BIN(x51); 
@BIN(x52); 
@BIN(x53); 
@BIN(x54); 
@BIN(x56);

@BIN(x61); 
@BIN(x62); 
@BIN(x63);
@BIN(x64);
@BIN(x65); 

!Vincolo di destinazione;
x21 + x31 + x41 + x51 + x61 = 1;
x12 + x32 + x42 + x52 + x62 = 1;
x13 + x23 + x43 + x53 + x63 = 1;
x14 + x24 + x34 + x54 + x64 = 1;
x15 + x25 + x35 + x45 + x65 = 1;
x16 + x26 + x36 + x46 + x56 = 1;

!Vincolo di origine;
x12 + x13 + x14 + x15 + x16 = 1;
x21 + x23 + x24 + x25 + x26 = 1;
x31 + x32 + x34 + x35 + x36 = 1;
x41 + x42 + x43 + x45 + x46 = 1;
x51 + x52 + x53 + x54 + x56 = 1;
x61 + x62 + x63 + x64 + x65 = 1;

!Vincoli di eliminazione dei sottocircuiti;

x15 + x51 <=1;
x23 + x32 <=1;
x46 + x64 <=1;

Svolgimento:
Global optimal solution found.
Objective value:                              726.0000
  Objective bound:                              726.0000
  Infeasibilities:                              0.000000
  Extended solver steps:                               0
  Total solver iterations:                            13
  Elapsed runtime seconds:                          0.07

  Model Class:                                      PILP

  Total variables:                     30
  Nonlinear variables:                  0
  Integer variables:                   30

  Total constraints:                   16
  Nonlinear constraints:                0

  Total nonzeros:                      96
  Nonlinear nonzeros:                   0



                                Variable           Value        Reduced Cost
                                     X12        0.000000            67.00000
                                     X13        0.000000            105.0000
                                     X14        0.000000            86.00000
X15        1.000000            87.00000
                                     X16        0.000000            208.0000
X21        1.000000            66.00000
                                     X23        0.000000            91.00000
                                     X24        0.000000            136.0000
                                     X25        0.000000            161.0000
                                     X26        0.000000            258.0000
X31        0.000000            104.0000
X32        1.000000            89.00000
                                     X34        0.000000            123.0000
                                     X35        0.000000            199.0000
                                     X36        0.000000            263.0000
                                     X41        0.000000            86.00000
                                     X42        0.000000            105.0000
X43        1.000000            123.0000
                                     X45        0.000000            182.0000
                                     X46        0.000000            137.0000
                                     X51        0.000000            96.00000
                                     X52        0.000000            162.0000
                                     X53        0.000000            200.0000
                                     X54        0.000000            181.0000
X56        1.000000            223.0000
                                     X61        0.000000            211.0000
                                     X62        0.000000            261.0000
                                     X63        0.000000            266.0000
X64        1.000000            138.0000
                                     X65        0.000000            224.0000

Row    Slack or Surplus      Dual Price
1        726.0000           -1.000000
                                       2        0.000000            0.000000
                                       3        0.000000            0.000000
                                       4        0.000000            0.000000
                                       5        0.000000            0.000000
                                       6        0.000000            0.000000
                                       7        0.000000            0.000000
                                       8        0.000000            0.000000
                                       9        0.000000            0.000000
                                      10        0.000000            0.000000
                                      11        0.000000            0.000000
                                      12        0.000000            0.000000
                                      13        0.000000            0.000000
                                      14        0.000000            0.000000
                                      15        0.000000            0.000000
                                      16        0.000000            0.000000
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1) TSP Sicilia parziale:
Minimize[{67x12 + 105 x13 + 86 x14 + 87 x15 + 208 x16 
    + 66 x21 + 91 x23 + 136 x24 + 161 x25 + 258 x26 
    + 104 x31 + 89 x32 + 123 x34 + 199 x35 + 263 x36
    + 86 x41 + 105 x42 + 123 x43 + 182 x45 + 137 x46 
    + 96 x51 + 162 x52 + 200 x53 + 181 x54 + 223 x56 
    + 211 x61 + 261 x62 + 266 x63 + 138 x64 + 224 x65, 
    0<={x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}<=1 
&&{x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}\[Element]Integers
&& x21 + x31 + x41 + x51 + x61 == 1
&& x12 + x32 + x42 + x52 + x62 == 1
&& x13 + x23 + x43 + x53 + x63 == 1
&& x14 + x24 + x34 + x54 + x64 == 1
&& x15 + x25 + x35 + x45 + x65 == 1
&&x16 + x26 + x36 + x46 + x56 == 1
&& x12 + x13 + x14 + x15 + x16 == 1
&& x21 + x23 + x24 + x25 + x26 == 1
&& x31 + x32 + x34 + x35 + x36 == 1
&& x41 + x42 + x43 + x45 + x46 == 1
&& x51 + x52 + x53 + x54 + x56 == 1
&& x61 + x62 + x63 + x64 + x65 == 1}, 
{x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}] 

SOLUZIONE: 638, x15=x23=x32=x46=x51=x64=1

Con vincoli di eliminazione dei sottocircuiti:
Minimize[{67x12 + 105 x13 + 86 x14 + 87 x15 + 208 x16 
    + 66 x21 + 91 x23 + 136 x24 + 161 x25 + 258 x26 
    + 104 x31 + 89 x32 + 123 x34 + 199 x35 + 263 x36
    + 86 x41 + 105 x42 + 123 x43 + 182 x45 + 137 x46 
    + 96 x51 + 162 x52 + 200 x53 + 181 x54 + 223 x56 
    + 211 x61 + 261 x62 + 266 x63 + 138 x64 + 224 x65, 
    0<={x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}<=1 
&&{x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}\[Element]Integers
&& x21 + x31 + x41 + x51 + x61 == 1
&& x12 + x32 + x42 + x52 + x62 == 1
&& x13 + x23 + x43 + x53 + x63 == 1
&& x14 + x24 + x34 + x54 + x64 == 1
&& x15 + x25 + x35 + x45 + x65 == 1
&&x16 + x26 + x36 + x46 + x56 == 1
&& x12 + x13 + x14 + x15 + x16 == 1
&& x21 + x23 + x24 + x25 + x26 == 1
&& x31 + x32 + x34 + x35 + x36 == 1
&& x41 + x42 + x43 + x45 + x46 == 1
&& x51 + x52 + x53 + x54 + x56 == 1
&& x61 + x62 + x63 + x64 + x65 == 1
&& x15+x51<=1
&&x23+x32<=1
&&x46+x64<=1}, 
{x12,x13,x14,x15,x16,x21,x23,x24,x25, x26,x31,x32,x34,x35,x36,x41,x42,x43,x45,x46,x51,x52,x53,x54,x56,x61,x62, x63, x64, x65}] 
Soluzione: 726 x15=x21=x32=x43=x56=x64=1

2) TSP Sicilia Completo:

Minimize[{67x12 + 105 x13 +110 x14 + 86x15 +87 x16 + 208 x17+317 x18+163 x19 
    + 66 x21 + 91 x23 + 160x24 + 136 x25 + 161 x26 + 258 x27+367x28+213 x29 
    + 104 x31 + 89 x32 + 146 x34 + 123x35+199 x36 + 263 x37+372 x38+134x39
    +109x41+159x42+148x43+32x45+205x46+128x47+237x48+58x49
    + 86 x51 + 105 x52 + 123 x53 + 36x54+182 x56 + 137 x57+246x58+89x59 
    + 96 x61 + 162 x62 + 200 x63 + 205x64+181 x65 + 223 x67+ 332x68+258x69
    + 211 x71 + 261 x72 + 266 x73 + 131x74+138 x75 + 224 x76+109x78+130x79
    +318x81+368x82+308x83+238x84+246x85+332x86+110x87+177x89
    +160x91+210x92+136x93+55x94+86x95+255x96+127x97+176x98, 
    0<={x12,x13,x14,x15,x16,x17,x18,x19,x21,x23,x24,x25, x26,x27,x28,x29,x31,x32,x34,x35,x36,x37,x38,x39,x41,x42,x43,x45,x46,x47,x48,x49,x51,x52,x53,x54,x56,x57,x58,x59,x61,x62, x63, x64, x65,x67,x68,x69,x71,x72,x73,x74,x75,x76,x78,x79,x81,x82,x83,x84,x85,x86,x87,x89,x91,x92,x93,x94,x95,x96,x97,x98}<=1 
&&{x12,x13,x14,x15,x16,x17,x18,x19,x21,x23,x24,x25, x26,x27,x28,x29,x31,x32,x34,x35,x36,x37,x38,x39,x41,x42,x43,x45,x46,x47,x48,x49,x51,x52,x53,x54,x56,x57,x58,x59,x61,x62, x63, x64, x65,x67,x68,x69,x71,x72,x73,x74,x75,x76,x78,x79,x81,x82,x83,x84,x85,x86,x87,x89,x91,x92,x93,x94,x95,x96,x97,x98}\[Element]Integers
&& x21 + x31 + x41 + x51 + x61 +x71+x81+x91== 1
&& x12 + x32 + x42 + x52 + x62 +x72+x82+x92== 1
&& x13 + x23 + x43 + x53 + x63 +x73+x83+x93== 1
&& x14 + x24 + x34 + x54 + x64 +x74+x84+x94== 1
&& x15 + x25 + x35 + x45 + x65 +x75+x85+x95== 1
&&x16 + x26 + x36 + x46 + x56 +x76+x86+x96== 1
&&x17 + x27 + x37 + x47 + x57 +x67+x87+x97== 1
&&x18 + x28 + x38 + x48 + x58 +x68+x78+x98== 1
&&x19 + x29 + x39 + x49 + x59 +x69+x79+x89== 1
&& x12 + x13 + x14 + x15 + x16 +x17+x18+x19== 1
&& x21 + x23 + x24 + x25 + x26 +x27+x28+x29== 1
&& x31 + x32 + x34 + x35 + x36 +x37+x38+x39== 1
&& x41 + x42 + x43 + x45 + x46 +x47+x48+x49== 1
&& x51 + x52 + x53 + x54 + x56 +x57+x58+x59== 1
&& x61 + x62 + x63 + x64 + x65 +x67+x68+x69== 1
&& x71 + x72 + x73 + x74 + x75 +x76+x78+x79== 1
&& x81 + x82 + x83 + x84 + x85 +x86+x87+x89== 1
&& x91 + x92 + x93 + x94 + x95 +x96+x97+x98== 1}, 
{x12,x13,x14,x15,x16,x17,x18,x19,x21,x23,x24,x25, x26,x27,x28,x29,x31,x32,x34,x35,x36,x37,x38,x39,x41,x42,x43,x45,x46,x47,x48,x49,x51,x52,x53,x54,x56,x57,x58,x59,x61,x62, x63, x64, x65,x67,x68,x69,x71,x72,x73,x74,x75,x76,x78,x79,x81,x82,x83,x84,x85,x86,x87,x89,x91,x92,x93,x94,x95,x96,x97,x98}] 

Soluzione: 758 x16=x23=x32=x45=x59=x61=x78=x87=x94=1

Primi vincoli di eliminazione dei sottocircuiti:
&& x16+x61<=1
&& x23+x32<=1
&& x45+x59+x94<=2
&& x78+x87<=1
Soluzione: 923 x16=x21=x32=x45=x54=x63=x78=x89=x97=1
Secondi vincoli di eliminazione dei sottocircuiti:
&&x16+x63+x32+x21<=3
&&x45+x54<=1
&&x78+x89+x97<=2

Soluzione: 954 x16=x23=x31=x45=x57=x62=x78=x89=x94=1
Terzi vincoli di eliminazione dei sottocircuiti:
&&x16+x62+x23+x31<=3
&&x45+x57+x78+x89+x94<=4

Soluzione: 961 x16=x21=x32=x45=x53=x67=x78=x89=x94=1



