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As described in Section 1, the Algorithm 4 (MM] distance

by Calculation and Copy) in [16] also claims to solve

the APPD matrix accurately in O(n?), in an undirected
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Algorithm 4 MM] distance by Calculation and Copy

Input: Q
Output: Mg

1: function MMJ_CAaLcULATION_AND_CoOPY(Q)

2 Initialize M with zeros

3, Construct a MST of Q, noted T

4 Sort edges of T from large to small, generate a list, noted L

5 forein L do

3 Remove e from T. It will result in two connected sub-
trees, T and Ty;

7: For all pair of nodes (p, q), where p € T1, q € Ty. Fill in
Mgq[p. q] and Mq[g, p] with e.
8: end for

9: return Mg
10: end function

(a) ik 4
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import networkx as nx
def cal_all_pairs_minimax_path_matrix_by_algo_4(distance_matrix):

N = len(distance_matrix)
all_pairs_minimax_matrix = np.zeros((N,N))

MST = construct_MST_from_graph(distance_matrix)

MST_edge_list = list(MST.edges(data='weight'))

edge_node_list = [(edge[0],edge[1]) for edge in MST_edge_list]
edge_weight_list = [edge[2] for edge in MST_edge_list]
edge_large_to_small_arg = np.argsort(edge_weight_list) [::-1]
edge_weight_large_to_small = np.sort(edge_weight_list)[::-1]

edge_nodes_large_to_small = [edge_node_list[i] for i in edge_large_to_small_arg]

for i, edge_nodes in enumerate(edge_nodes_large_to_small):
edge_weight = edge_weight_large_to_small[i]
MST. remove_edge (*edge_nodes)

treel_nodes = list(nx.dfs_preorder_nodes(MST, source=edge_nodes[0]))
tree2_nodes = list(nx.dfs_preorder_nodes(MST, source=edge_nodes[1]))
for pl in treel_nodes:
for p2 in tree2_nodes:
all_pairs_minimax_matrix[pl, p2] = edge_weight
all_pairs_minimax_matrix[p2, pl] = edge_weight

return all_pairs_minimax_matrix

(b) Python SZBRAY5ITE 4

Pl 1: 533k 4 Jo 3L Python S8, AVKREN for FEIAMEBR KGR —A O(n’) 5iik, Mk LB —4 O(n?)

Implementation ID Implementation name  Complexity —Coding language Notes

0 Algo_1_Python o(n?) Python Algorithm 1 (MM] distance by recursion)

1 Algo_1_C++ o(n®) C++ Algorithm 1 (MM] distance by recursion)

2 Floyd_Warshall_Python O(n®) Python A variant of Floyd-Warshall Algorithm

3 Floyd_Warshall_C++ o(n®) C++ A variant of Floyd-Warshall Algorithm

4 MST_shortest_path O(n®log(n)) Python Calculate the shortest path in a MST

5 Algo_4 0o(n?) Python Algorithm 4 (MM] distance by Calculation and Copy )

2 1 WUASLRERMRSL . 0PN gt 553, 2%l Python il C++.

data 139 (N = 120) data 109 (N = 300) data 18 (N = 500) data 19 (N = 850) data 16 (N = 2500) data 35 (N = 5000) data 136 (N = 10000)

Algo_1_Python 13.451s 208.363s 990.308s
Algo_1_C++ 0.033s 0.414s 1.794s
Floyd Warshall Python 1.489s 23.353s 106.745s
Floyd_Warshall_C++ 0.033s 0.436s 2.324s
MST _shortest_path 0.399s 4.229s 24.926s
Algo_4 0.02s 0.073s 0.191s

4681.911s >7200s >7200s >7200s
9.032s 237.961s 1986.928s >7200s
534.683s >7200s >7200s >7200s
10.035s 253.909s 2162.514s >7200s
110.449s 2503.483s >7200s >7200s
0.511s 4.311s 17.015s 67.048s
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dense graph. But it is left unimplemented and untested.
Figure 1a is Algorithm 4 (MM]J distance by Calculation
and Copy) in [16], for convenience of reading, we re-post
it here. Figure 1b is its python implementation.
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# G is an undirected dense graph, which has N vertices.
2 # adj_matrix is its adjacency_matrix.

4 def variant_of_Floyd_Warshall(adj_matrix):
p = adj_matrix.copy()
N = len(adj_matrix)

for i in range(N):
for j in range(N):
if it=g:
for k in range(N):
if i != k and j != k:
plj,kl = min (p[j,kl, max (p[j,il, pli,kI))
return p

P 2: Floyd-Warshall $3: it —fh7 (4 H it vt dse 7
Tl K ikt

# G is an undirected dense graph, which has N vertices.
import networkx as nx
def MST_shortest_path(G):

MST = nx.minimum_spanning_tree(G)
minimax_matrix = np.zeros((N, N))

for i in range(N):
for j in range(N):
if j > i:
max_weight = -1
path = nx.shortest_path(MST, source=i, target=j)
for k in range(len(path)-1):
if( MST.edges[path([k],path[k+1]]['weight'] > max_weight):
max_weight = MST.edges [path[k],path[k+1]]['weight']
minimax_matrix[i,j] = minimax_matrix[j,i] = max_weight

return minimax_matrix
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