
Bellman Ford Algorithm

Throughout, when we say graph, we mean directed graph. The Bellman Ford algorithm solves
the single source minpath problem for a weighted directed graph G. Weights may be negative,
but, as always for minpath problems, no cycle of G may have negative weight. Let n and m be
the numbers of vertices and arcs of G, respectively. The source vertex is 0. The Bellman Ford
algorithm computes, for each vertex i, the least cost path from 0 to i. We call that path π(i), of
weight V (i) = |π(i)|. The algorithm also computes backarc(i), for i > 0, the next-to-the last arc
of π(i), provided V [i] < ∞. The worst case time complexity of the Bellman Ford algorithm is
O(nm).

Input. The input of the Bellman Ford algorithm ls a weighted digraph G. We let the integers
0 ≤ i < n be the vertices of G. The weighted arcs of G are e0, e1, . . . em. For each 0 ≤ j < m,
ej = (sj, tj, wj), where the parameters are the source vertex, the target vertex and the weight,
respectively.

The Outer Loop. The outer loop iterates as many as n times, and continually updates each
σ(i), the best current estimate of π(i). At each iteration the algorithm tries to find better paths
from 0 by appending arcs to previously computed paths. For each vertex i, |σ(i)| is a monotone
decreasing function of t, and σ(i) converges to π(i).

The Inner Loop. If the outer loop has iterated t times, then for each i, every path from 0 to
i of arc-length at most t has been considered. During each iteration of the outer loop, the inner
loop iterates m times, once for each arc. At iteration j of the inner loop, if σ(sj) + wj < σ(tj),
then σ(tj) becomes the concatenation σ(sj)ej and backarc(tj) becomes ej. This action is called
relaxation.

Shortcuts. If π(i) has ℓ acs, then σ(i) = π(i) after ℓ iterations of the outer loop. If, for any i,
π(i) has no more than ℓ arcs, then σ(i) converges to π within at most ℓ iterations. Since π(i) can
have at most n− 1 arcs, the Bellman Ford algorithm converges after at most n− 1 iterations of
the outer loop.

Outer Loop Shortcut. If no changes were made during iteration t of the outer loop, conver-
gence has occurred, and the algorithm can be halted. The algorithm records the index of each
iteration of the outer loop if any changes are made during that iteration, and if no changes are
made during an iteration, that index is not updated, proving convergence.

Inner Loop Shortcut. An integer update time(i) is set to t if a new value of σ(i) is found
during iteration t of the outer loop. During the jth iteration of the inner loop during the tth

iteration of the outer loop, σ(tj) will not be updated if update time(sj)< t− 1, in which case the
algorithm does not attempt relaxation during the jth iteration of the inner loop.
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Pseudocode for Bellman Ford

Read Inputs
V (0) = 0
update time(0) = 0
For i > 0

V (i) = ∞
update time(i) = −1

changed = true
For t = 1 to n− 1 provided changed // outer loop shortcut

changed = false
For j = 0 to m− 1

If update time(sj) ≥ t− 1 // inner loop shortcut
temp = V (sj) + wj

If temp < V (tj)
V (tj) = temp
backarc(tj) = j

update time(tj) = t

changed=true

In C++ you would write for(int t = 1; t < n and changed; t++)

0.1 Recovering the Optimal Path

Recover(i) // writes π(i)
If i = 0

Write 0
Else

j = backarc(i)
Write (wj)
Write i

Recover(sj)
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Example

We give files showing the list of 1000 arcs of a directed graph of 100 vertices. We then give the
final values of V (i) for each vertex i, as will as the path π(i), which is shown with alternating
vertices and arc weights, where the weights are parenthesized.
93 34 6 34 21 4 85 57 1 61 62 7 41 16 0 50 62 4 99 17 2 73 15 3

51 64 1 63 91 1 37 37 5 28 71 -1 87 56 2 41 70 4 65 11 7 17 61 3

51 12 0 6 38 3 64 89 6 54 4 3 79 41 6 38 69 3 70 56 3 60 49 5

65 14 5 86 83 5 69 35 3 21 93 1 89 9 -1 73 64 2 48 95 5 13 33 3

49 55 4 93 68 2 60 33 7 86 71 1 77 40 1 81 61 -2 23 50 0 54 75 6

42 24 6 19 89 8 69 38 1 76 83 4 33 43 6 56 81 2 66 11 4 12 92 6

2 68 3 2 74 5 18 16 2 77 87 0 73 57 3 25 33 6 96 18 3 53 26 7

80 93 2 48 5 1 29 59 5 60 62 9 19 80 3 2 10 1 26 83 6 40 8 4

38 57 3 31 10 1 5 90 6 91 38 2 21 67 6 71 80 6 95 99 7 88 54 -1

69 32 5 10 73 -1 33 63 2 79 94 9 99 51 2 64 42 1 86 15 3 15 86 4

11 34 6 87 22 4 73 43 9 42 54 5 24 39 5 63 18 4 12 69 3 4 33 5

34 19 -2 35 87 3 69 50 4 2 37 2 89 10 -1 60 4 5 57 29 4 16 92 3

22 5 2 79 61 4 78 47 2 45 82 2 99 51 2 86 53 -1 48 94 6 6 7 4

17 64 2 20 80 3 94 54 1 37 33 7 17 12 1 17 9 1 56 8 7 45 95 3

71 95 7 59 1 2 52 71 0 25 43 7 91 89 7 66 78 5 50 96 3 33 13 3

99 70 5 68 15 0 42 39 4 63 98 3 39 2 4 31 28 3 4 71 -1 83 38 -1

95 40 4 72 26 5 58 25 1 52 45 4 46 39 1 83 3 -1 25 42 3 39 74 7

96 30 6 94 13 3 19 60 0 92 32 3 79 90 6 35 95 4 7 41 4 70 76 1

84 1 2 0 92 3 96 40 8 63 35 5 73 6 6 23 51 2 51 30 8 4 65 -1

2 25 3 91 47 7 84 31 1 19 31 5 28 27 6 19 43 5 23 68 2 39 43 6

88 94 1 80 98 4 18 52 3 98 95 -1 5 79 3 66 98 4 72 78 5 66 97 4

47 72 0 86 12 2 77 0 3 97 32 5 35 51 2 98 49 1 61 6 6 3 25 5

28 97 3 33 15 -1 81 14 1 97 0 5 8 29 1 13 79 1 16 14 4 75 65 0

30 26 1 16 29 5 52 9 2 15 95 5 28 76 5 13 26 -1 62 86 4 63 0 5

97 16 0 82 44 4 20 26 5 65 94 9 34 46 3 53 62 8 86 42 1 34 7 -1

34 69 0 15 84 4 24 82 0 51 16 1 43 37 0 61 2 4 60 88 9 20 41 6

24 28 1 8 62 3 70 96 1 66 11 2 15 87 5 32 90 1 93 33 5 80 94 6

13 54 0 44 75 2 38 51 2 73 11 3 68 81 4 83 99 4 35 14 6 69 46 4

72 91 -1 11 23 5 57 36 7 39 81 2 14 71 -1 18 96 4 83 64 1 97 0 5

74 35 2 90 57 1 49 29 4 90 92 2 29 49 1 22 40 6 43 55 4 66 25 1

53 60 3 20 57 4 87 83 3 21 26 2 5 27 7 28 69 1 27 98 2 63 21 2

83 16 0 23 82 0 11 35 4 63 8 5 68 95 3 60 68 5 9 73 3 87 54 4

57 81 7 29 96 6 42 80 4 9 55 5 54 66 5 59 81 5 73 1 5 71 13 8

99 22 3 55 61 -2 80 71 2 3 0 4 0 42 1 12 4 6 59 58 1 94 17 1

36 90 0 26 14 5 37 65 3 21 20 3 63 0 4 86 4 4 58 56 4 10 68 3

69 28 2 46 74 5 5 10 4 65 89 7 90 26 3 38 99 4 0 62 4 32 48 0

17 7 6 97 69 5 28 39 4 70 85 3 80 42 4 33 7 3 0 50 2 85 88 1

90 40 7 47 25 0 61 94 7 30 91 0 20 20 5 38 42 3 30 22 3 85 8 5

80 8 7 2 45 5 22 87 0 57 35 5 92 48 1 86 30 2 49 51 4 56 89 7

48 72 6 82 57 3 76 37 0 20 39 6 5 14 6 82 23 8 36 15 1 84 53 2

24 54 0 36 10 2 42 58 5 23 41 1 11 69 1 60 90 5 55 47 3 89 81 4

58 17 2 75 1 1 74 78 0 77 66 -1 69 61 3 33 36 3 6 99 6 16 60 5
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70 67 2 86 8 4 77 66 -1 35 93 4 46 19 1 12 96 6 40 17 -2 74 50 1

2 8 3 51 25 2 90 47 4 76 34 5 95 63 1 31 51 0 20 97 1 88 61 -2

74 1 2 69 28 2 52 82 1 82 33 5 77 23 5 90 51 0 60 46 8 47 29 -1

28 49 3 28 89 6 76 63 0 90 84 6 59 36 4 84 71 2 38 0 7 39 90 1

75 50 3 26 50 4 28 78 6 79 58 5 44 34 5 11 77 3 57 36 6 34 72 -1

95 10 1 32 49 1 67 76 4 1 2 2 63 82 3 27 14 2 33 58 -1 54 69 4

59 27 3 1 13 6 18 60 3 35 92 1 43 12 -1 53 13 7 13 28 0 51 56 2

99 41 4 81 95 0 89 54 2 36 8 4 4 26 0 33 14 3 64 57 1 24 10 5

38 23 7 34 26 0 45 25 3 66 6 5 56 47 3 26 84 5 60 40 7 55 73 1

95 90 1 46 66 1 63 4 2 8 90 2 61 35 6 55 1 0 44 10 0 91 88 5

47 48 -3 81 56 0 29 51 4 34 49 -3 1 64 5 43 72 -1 11 33 4 56 40 4

59 36 6 10 28 2 97 75 6 24 56 1 25 85 8 19 71 0 80 24 5 96 67 8

3 30 9 46 86 1 94 45 2 52 8 5 98 5 0 44 30 2 47 7 2 0 78 5

7 58 3 79 7 5 75 10 3 4 8 2 26 2 2 85 6 -1 23 4 1 37 1 4

10 48 1 69 0 3 50 8 3 56 87 3 28 62 4 83 18 4 23 45 3 61 82 4

7 57 3 11 94 3 44 57 0 37 26 5 60 28 4 41 84 1 82 65 4 33 48 1

44 23 1 10 85 7 83 44 3 12 55 7 42 0 3 20 89 7 50 49 -1 37 42 2

14 24 3 54 9 4 64 54 2 19 16 3 60 99 8 6 63 5 99 5 -3 1 77 5

29 28 5 86 17 -1 79 83 8 89 37 2 47 53 -3 80 24 2 99 84 1 14 43 3

84 42 1 7 96 1 18 25 0 31 63 1 86 94 6 17 35 5 58 82 3 53 15 5

17 14 6 80 80 2 6 64 1 38 23 5 52 42 5 45 25 3 56 63 2 2 80 2

85 91 1 74 44 2 88 61 -3 38 41 5 79 48 4 66 38 3 50 42 3 59 88 5

35 96 4 6 98 5 13 35 1 54 62 8 10 2 3 32 40 4 86 71 2 4 89 6

46 39 4 82 50 5 43 86 3 19 92 4 76 57 0 75 63 1 19 25 4 77 9 2

80 95 3 31 0 4 20 46 6 56 29 3 28 24 1 48 44 9 18 72 5 72 47 5

39 19 3 9 48 4 70 28 -1 55 59 -1 29 31 6 42 88 6 6 68 7 8 69 2

3 87 2 7 11 5 26 3 -1 71 64 5 26 86 3 76 41 2 78 22 4 26 65 3

4 23 4 58 32 5 8 87 -1 30 94 5 51 72 4 92 44 5 80 22 4 49 98 6

28 76 7 87 2 3 38 58 5 58 68 4 46 28 0 74 58 2 14 62 6 56 54 0

15 34 6 60 35 5 46 64 2 55 3 0 33 42 2 83 0 4 16 46 8 37 21 7

3 87 3 42 43 4 77 10 1 86 70 4 93 17 0 28 24 3 66 58 5 66 93 7

86 9 1 35 46 2 95 2 3 16 96 5 92 74 7 6 60 4 3 6 5 17 34 8

34 52 2 93 18 2 4 5 2 13 92 0 44 87 2 61 56 4 26 48 1 50 54 3

96 9 1 11 26 1 2 12 1 52 57 3 46 61 -2 50 27 3 53 71 1 57 84 7

10 11 4 37 13 8 77 61 0 74 24 1 54 26 6 39 78 6 42 25 2 2 27 6

54 80 2 46 90 0 94 0 3 42 90 5 96 19 5 12 93 4 54 48 1 60 87 4

24 29 3 2 83 3 6 37 3 34 36 4 46 30 6 69 25 0 57 73 1 58 85 8

83 39 4 86 52 2 68 76 4 27 30 4 66 37 5 33 71 0 94 17 -2 55 38 -1

7 47 6 77 57 1 93 92 -1 57 78 6 60 47 6 44 26 0 11 92 3 68 77 3

60 71 1 87 79 0 87 86 7 13 63 0 24 9 3 74 66 2 29 27 7 60 71 5

73 35 7 24 3 2 45 15 2 88 3 -2 68 42 1 0 55 3 36 31 1 17 58 4

76 87 0 34 99 1 70 72 1 51 96 3 10 94 6 92 82 4 53 2 5 52 54 1

14 91 -1 38 60 4 28 88 6 45 22 5 37 44 6 65 96 2 47 6 2 97 50 6

2 3 2 50 55 3 5 21 4 91 11 3 88 39 2 23 36 2 58 26 4 65 91 1

20 90 5 22 88 6 57 90 4 95 40 6 40 97 -1 75 41 5 23 29 1 58 52 4

16 10 7 70 27 0 72 0 2 80 74 3 38 31 3 99 79 0 19 19 2 12 46 8
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17 69 5 62 28 1 95 96 0 54 66 5 56 38 4 96 18 2 29 8 7 0 7 3

15 78 5 28 90 1 82 8 4 17 22 2 57 69 4 7 23 7 36 79 2 18 27 4

73 56 3 12 8 9 30 76 5 19 56 3 55 39 1 12 8 8 97 65 2 30 72 1

29 61 4 18 31 4 77 56 0 44 69 1 70 51 1 26 23 7 72 30 3 79 94 9

59 91 4 9 73 4 81 2 0 37 72 3 20 1 5 11 45 4 15 67 6 43 93 2

80 17 4 7 96 3 91 8 9 93 17 1 67 50 1 54 87 1 72 59 1 46 23 5

42 38 1 89 82 -2 63 14 4 67 21 1 65 65 5 6 58 2 20 25 1 88 79 -2

28 51 0 69 97 3 59 91 2 16 32 4 66 95 2 85 14 3 1 79 3 77 37 -1

18 57 2 62 45 3 93 25 0 35 46 2 49 5 4 53 73 2 39 39 2 91 77 6

64 30 6 55 8 2 51 26 6 77 40 1 81 33 3 89 69 3 46 70 3 94 23 1

75 14 3 4 5 1 95 21 6 69 76 5 29 80 3 99 57 -2 66 38 2 58 79 2

49 25 5 46 72 2 16 47 6 77 51 1 16 98 5 37 68 4 66 49 1 21 48 -2

69 66 1 51 77 4 5 26 6 30 72 -1 29 88 7 43 18 0 61 86 5 1 23 8

70 89 2 18 62 4 24 32 4 20 35 2 47 92 1 0 22 3 25 4 7 50 47 3

78 8 4 4 62 4 51 32 3 47 2 0 43 26 -1 58 98 6 50 98 6 69 98 7

12 76 8 47 78 0 49 8 8 36 64 1 51 15 5 54 14 5 20 10 2 70 68 1

7 71 3 89 40 5 93 4 3 53 51 4 8 52 -2 23 41 2 1 92 5 62 46 4

26 19 1 69 89 7 10 49 -1 1 90 4 42 83 6 12 88 7 11 96 1 19 71 2

91 24 4 30 87 1 36 65 0 52 34 7 89 96 2 96 97 5 96 92 5 99 56 1

58 67 4 22 86 4 74 77 2 71 8 5 66 96 2 80 49 -1 35 38 2 40 34 2

86 30 2 16 82 3 85 92 2 51 14 5 40 41 0 53 64 2 54 30 5 72 62 5

72 97 0 21 89 2 20 76 6 10 92 4 9 29 4 75 80 4 27 20 3 9 74 7

99 80 -1 38 52 3 25 76 7 51 98 5 63 70 5 57 32 4 34 41 1 3 16 4

38 96 2 63 5 1 3 57 3 26 95 2 58 20 3 92 23 6 64 38 3 63 48 -1

7 82 3 28 37 2 33 75 3 59 90 5 11 46 2 95 72 3 31 82 0 96 75 5

58 39 6 43 54 0 60 61 2 70 41 3 97 75 5 20 86 4 1 98 6 38 45 6

23 29 -2 28 25 0 8 35 1 79 30 7 46 90 0 47 13 3 37 10 4 51 83 6

7 36 5 9 26 6 35 49 2 91 77 5 23 38 -2 97 17 4 74 16 -3 65 15 5

49 53 5 56 56 5 1 15 1 97 76 5 38 11 3 8 2 -1 3 77 8 85 75 0

98 1 0 6 18 4 74 67 3 53 23 8 67 77 4 69 26 5 46 64 -1 24 72 1

79 27 6 25 64 6 36 15 0 15 21 7 9 95 4 57 1 4 60 20 3 31 90 3

25 88 6 83 12 -2 43 91 1 32 16 0 97 4 4 63 71 3 99 81 1 51 90 4

31 2 1 87 33 3 70 11 -1 68 46 3 91 89 5 92 73 4 58 70 7 91 85 7

97 37 1 99 88 1 53 71 5 28 59 0 45 81 5 50 1 3 19 92 1 80 37 3

9 47 5 94 39 2 3 88 5 93 87 0 25 41 6 12 21 7 32 67 7 15 69 3

44 89 1 14 21 3 9 30 4 75 76 4 31 80 5 71 25 3 4 3 -2 57 15 3

72 47 3 17 14 3 63 58 1 53 24 5 81 33 5 8 61 -1 74 92 2 28 15 0
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V[0] = 0: 0

V[1] = 3: 0 (3) 55 (0) 1

V[2] = 4: 0 (2) 50 (3) 8 (-1) 2

V[3] = 3: 0 (1) 42 (4) 43 (-1) 26 (-1) 3

V[4] = 7: 0 (2) 50 (3) 8 (-2) 52 (1) 54 (3) 4

V[5] = 3: 0 (1) 42 (1) 38 (4) 99 (-3) 5

V[6] = 7: 0 (2) 50 (3) 47 (2) 6

V[7] = 3: 0 (3) 7

V[8] = 5: 0 (2) 50 (3) 8

V[9] = 5: 0 (2) 50 (3) 8 (-2) 52 (2) 9

V[10] = 5: 0 (2) 50 (3) 8 (-1) 2 (1) 10

V[11] = 5: 0 (1) 42 (1) 38 (3) 11

V[12] = 4: 0 (1) 42 (4) 43 (-1) 12

V[13] = 8: 0 (2) 50 (3) 47 (3) 13

V[14] = 7: 0 (2) 50 (3) 27 (2) 14

V[15] = 4: 0 (3) 55 (0) 1 (1) 15

V[16] = 4: 0 (1) 42 (4) 43 (-1) 72 (0) 97 (0) 16

V[17] = 5: 0 (3) 55 (-1) 59 (1) 58 (2) 17

V[18] = 5: 0 (1) 42 (4) 43 (0) 18

V[19] = 5: 0 (1) 42 (4) 43 (-1) 26 (1) 19

V[20] = 6: 0 (3) 55 (-1) 59 (1) 58 (3) 20

V[21] = 7: 0 (1) 42 (1) 38 (4) 99 (-3) 5 (4) 21

V[22] = 3: 0 (3) 22

V[23] = 7: 0 (1) 42 (1) 38 (5) 23

V[24] = 6: 0 (4) 62 (1) 28 (1) 24

V[25] = 3: 0 (1) 42 (2) 25

V[26] = 4: 0 (1) 42 (4) 43 (-1) 26

V[27] = 5: 0 (2) 50 (3) 27

V[28] = 5: 0 (4) 62 (1) 28

V[29] = 4: 0 (2) 50 (3) 47 (-1) 29

V[30] = 7: 0 (1) 42 (4) 43 (-1) 72 (3) 30

V[31] = 5: 0 (1) 42 (1) 38 (3) 31

V[32] = 6: 0 (3) 92 (3) 32

V[33] = 6: 0 (3) 22 (0) 87 (3) 33

V[34] = 10: 0 (2) 50 (3) 8 (-2) 52 (7) 34

V[35] = 6: 0 (2) 50 (3) 8 (1) 35

V[36] = 6: 0 (3) 55 (-1) 59 (4) 36

V[37] = 5: 0 (1) 42 (4) 43 (0) 37

V[38] = 2: 0 (1) 42 (1) 38

V[39] = 4: 0 (3) 55 (1) 39

V[40] = 9: 0 (3) 22 (6) 40

V[41] = 7: 0 (3) 7 (4) 41

V[42] = 1: 0 (1) 42

V[43] = 5: 0 (1) 42 (4) 43

V[44] = 8: 0 (3) 92 (5) 44

V[45] = 7: 0 (4) 62 (3) 45
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V[46] = 7: 0 (1) 42 (1) 38 (3) 11 (2) 46

V[47] = 5: 0 (2) 50 (3) 47

V[48] = 2: 0 (2) 50 (3) 47 (-3) 48

V[49] = 1: 0 (2) 50 (-1) 49

V[50] = 2: 0 (2) 50

V[51] = 4: 0 (1) 42 (1) 38 (2) 51

V[52] = 3: 0 (2) 50 (3) 8 (-2) 52

V[53] = 2: 0 (2) 50 (3) 47 (-3) 53

V[54] = 4: 0 (2) 50 (3) 8 (-2) 52 (1) 54

V[55] = 3: 0 (3) 55

V[56] = 5: 0 (3) 55 (-2) 61 (4) 56

V[57] = 4: 0 (1) 42 (1) 38 (4) 99 (-2) 57

V[58] = 3: 0 (3) 55 (-1) 59 (1) 58

V[59] = 2: 0 (3) 55 (-1) 59

V[60] = 5: 0 (1) 42 (4) 43 (-1) 26 (1) 19 (0) 60

V[61] = 1: 0 (3) 55 (-2) 61

V[62] = 4: 0 (4) 62

V[63] = 6: 0 (1) 42 (1) 38 (3) 31 (1) 63

V[64] = 4: 0 (2) 50 (3) 47 (-3) 53 (2) 64

V[65] = 6: 0 (2) 50 (3) 8 (-2) 52 (1) 54 (3) 4 (-1) 65

V[66] = 6: 0 (1) 42 (1) 38 (3) 69 (1) 66

V[67] = 7: 0 (3) 55 (-1) 59 (1) 58 (4) 67

V[68] = 7: 0 (2) 50 (3) 8 (-1) 2 (3) 68

V[69] = 5: 0 (1) 42 (1) 38 (3) 69

V[70] = 10: 0 (3) 55 (-2) 61 (5) 86 (4) 70

V[71] = 3: 0 (2) 50 (3) 8 (-2) 52 (0) 71

V[72] = 4: 0 (1) 42 (4) 43 (-1) 72

V[73] = 4: 0 (2) 50 (3) 8 (-1) 2 (1) 10 (-1) 73

V[74] = 8: 0 (1) 42 (4) 80 (3) 74

V[75] = 9: 0 (1) 42 (1) 38 (2) 96 (5) 75

V[76] = 9: 0 (1) 42 (4) 43 (-1) 72 (0) 97 (5) 76

V[77] = 8: 0 (1) 42 (1) 38 (3) 11 (3) 77

V[78] = 5: 0 (5) 78

V[79] = 3: 0 (3) 22 (0) 87 (0) 79

V[80] = 5: 0 (1) 42 (4) 80

V[81] = 6: 0 (3) 55 (1) 39 (2) 81

V[82] = 4: 0 (2) 50 (3) 8 (-2) 52 (1) 82

V[83] = 6: 0 (3) 22 (0) 87 (3) 83

V[84] = 7: 0 (1) 42 (1) 38 (4) 99 (1) 84

V[85] = 10: 0 (1) 42 (4) 43 (-1) 72 (-1) 91 (7) 85

V[86] = 6: 0 (3) 55 (-2) 61 (5) 86

V[87] = 3: 0 (3) 22 (0) 87

V[88] = 7: 0 (1) 42 (6) 88

V[89] = 8: 0 (1) 42 (4) 43 (-1) 72 (-1) 91 (5) 89

V[90] = 5: 0 (3) 55 (1) 39 (1) 90

V[91] = 3: 0 (1) 42 (4) 43 (-1) 72 (-1) 91
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V[92] = 3: 0 (3) 92

V[93] = 7: 0 (1) 42 (4) 43 (2) 93

V[94] = 8: 0 (1) 42 (6) 88 (1) 94

V[95] = 6: 0 (1) 42 (4) 43 (-1) 26 (2) 95

V[96] = 4: 0 (1) 42 (1) 38 (2) 96

V[97] = 4: 0 (1) 42 (4) 43 (-1) 72 (0) 97

V[98] = 7: 0 (2) 50 (-1) 49 (6) 98

V[99] = 6: 0 (1) 42 (1) 38 (4) 99

relax executed 2120 times.
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