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Integer Programming by Branch-and-Bound 

Example from [1988ECK], p 217 ff 

Using Lindo semi-manually, the successive solutions are obtained, to observe 

the Branch-and-Bound methodology.  The direct solution is: 

PROBLEM 

! Ecker & Kupferschmid, "A branch-and-bound example in detail", pp 218–225; 

zMax = 15; X = (2, 3, 0) 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

END 

GIN 3 
        OBJECTIVE FUNCTION VALUE 

        1)      15.00000 

 

  VARIABLE        VALUE          REDUCED COST 

        X1         2.000000          3.000000 

        X2         3.000000         -7.000000 

        X3         0.000000        -12.000000 

Branch-and-bound 

PROBLEM 0 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

END 
LP OPTIMUM FOUND AT STEP      3 

        OBJECTIVE FUNCTION VALUE 

 

        1)      17.39394 

 

  VARIABLE        VALUE          REDUCED COST 

        X1         0.000000          0.590909 

        X2         0.303030          0.000000 

        X3         1.272727          0.000000 

Branch around x2:  x2 ≤ 0, x2 ≥ 1 
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PROBLEM (0) 1 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 < 0 

END 

PROBLEM (0) 2 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

END 
LP OPTIMUM FOUND AT STEP      0 

        OBJECTIVE FUNCTION VALUE 

 

        1)      13.71429 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         0.000000         13.285714 

        X2         0.000000          0.000000 

        X3         1.142857          0.000000 

LP OPTIMUM FOUND AT STEP      1 

        OBJECTIVE FUNCTION VALUE 

 

        1)      17.00000 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         0.666667          0.000000 

        X2         1.000000          0.000000 

        X3         1.000000          0.000000 

z1 = 13,71,  z2 = 17 

 
P-2 is most promising and will give P-3 and P-4. 

In the process of choosing the subproblem, it is impossible to predict the best choice.  So, 

select the subproblem with the best, i.e., most promising, value of the objective function, z. 

In the example, maybe we’ll end up getting an integer solution with z > z1 (not 

needing to explore its branches), so don’t choose P-1. 

Branch around x1:  x1 ≤ 0, x1 ≥ 1. 

PROBLEM (2) 3 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 < 0 

END 

PROBLEM (2) 4 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 > 1 

END 

Problem 0 

z = 17,39 

X = [0; 0,30; 1,27] 

Problem (0) 1 

z = 13,71 

X = [0; 0; 1,14] 

Problem (0) 2 

z = 17 

X = [0,67; 1; 1] 
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LP OPTIMUM FOUND AT STEP      2 

        OBJECTIVE FUNCTION VALUE 

 

        1)      15.00000 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         0.000000          0.000000 

        X2         1.000000          0.000000 

        X3         0.666667          0.000000 

LP OPTIMUM FOUND AT STEP      2 

        OBJECTIVE FUNCTION VALUE 

 

        1)      16.80303 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         1.000000          0.000000 

        X2         1.348485          0.000000 

        X3         0.863636          0.000000 

z1 = 13,71, z3 = 15, z4 = 16,80 

 
P-4 is most promising and will give P-5 and P-6. 

Branch around x2:  x2 ≤ 1, x2 ≥ 2. 
When there are more than one non-integer to branch from, choose the “least integer”, i.e., 

the one nearest half unit (e.g., 1,5 better than 1,4;  10,5 better than 11,5) — or arbitrarily. 

Or (book)  —  Branch around x3:  x3 ≤ 0, x3 ≥ 1. 

PROBLEM (4) 5 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 > 1 

 x3 < 0 

END 

PROBLEM (4) 6 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 > 1 

 x3 > 1 

END 
LP OPTIMUM FOUND AT STEP      1 

        OBJECTIVE FUNCTION VALUE 

 

        1)      15.55556 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         3.111111          0.000000 

        X2         3.555556          0.000000 

        X3         0.000000          0.000000 

INFEASIBLE 

z1 = 13,71, z3 = 15, z5 = 15,56. 

Problem 2 

z = 17 

X = [0,67; 1; 1] 

Problem (2) 3 

z = 15 

X = [0; 1; 0,67] 

Problem (2) 4 

z = 16,80 

X = [1; 1,35; 0,86] 
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P-5 is most promising and will give P-7 and P-8. 

Branch around x2:  x2 ≤ 3, x2 ≥ 4. 

PROBLEM (5) 7 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 > 1 

x3 < 0 

x2 < 3 

END 

PROBLEM (5) 8 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 > 1 

x3 < 0 

x2 > 4 

END 
LP OPTIMUM FOUND AT STEP      4 

        OBJECTIVE FUNCTION VALUE 

 

        1)      15.00000 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         2.000000          0.000000 

        X2         3.000000          0.000000 

        X3         0.000000          0.000000 

 

INCUMBENT 

INFEASIBLE 

z1 = 13,71, z3 = 15, z7 = 15, incumbent. 

 
P-3 is most promising and will give P-9 and P-10. 

(Nothing better than multiple solutions can be expected.) 

Branch around x3:  x3 ≤ 0, x3 ≥ 1. 

Problem 5 

z = 15,56 

X = [3,11;  3,56;  0] 

Problem (5) 7 

z = 15 

X = [2; 3; 0] 

INCUMBENT 

Problem (5) 8 

z = –∞ 

INFEASIBLE 

Problem 4 

z = 16,80 

X = [1; 1,35; 1,86] 

Problem (4) 5 

z = 15,56 

X = [3,11; 3,56; 0] 

Problem (4) 6 

z = –∞ 

INFEASIBLE 
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PROBLEM (3) 9 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 < 0 

 x3 < 0 

END 

PROBLEM (3) 10 

max -3 x1 + 7 x2 + 12 x3 

subject to 

-3 x1 + 6 x2 + 8 x3 < 12 

 6 x1 - 3 x2 + 7 x3 < 8 

-6 x1 + 3 x2 + 3 x3 < 5 

 x2 > 1 

 x1 < 0 

 x3 > 1 

END 

LP OPTIMUM FOUND AT STEP      3 

        OBJECTIVE FUNCTION VALUE 

 

        1)      11.66667 

 

  VARIABLE        VALUE          REDUCED 

COST 

        X1         0.000000          0.000000 

        X2         1.666667          0.000000 

        X3         0.000000          0.000000 

INFEASIBLE 

z1 = 13,71, z7 = 15, incumbent, z9 = 11,67:  P-7 is optimal. 

 
z7 = 15, P-7 is optimal. 

 

Compare with the solution in the book (next page).  (Breadth-first, depth-first, 

mixed.) 

In the 3.rd row of solutions, the rightmost (4.th) solution (“Infeasible”) is 

possibly wrong (without further influence). 

 

Bibliography 
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Problem 3 

z = 15 

X = [0;  1;  0,67] 

Problem (3) 9 

z = 11,67 

X = [0; 1,76; 0] 

Problem (3) 10 

z = –∞ 

INFEASIBLE 
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