
Miners - Analysis 

The problem asks us to create some number of vertical paths, such that the sum of their weights 

is maximal. However, we have constraints for the maximum number of paths that start and end in each 

vertex. 

Subtask 1 

For the first subtask, you can implement any brute-force algorithm. 

Subtask 2 & 3 

For the next two subtasks, there are two possible solutions: 

1. Use dynamic programming with the state being: 

dp[subtree][number of unfinished paths] = maximal weight of such a configuration  

 

2. Use min-cost flow. We add an edge with capacity equal to infinity going down, for each edge in 

the tree. The cost of each edge is equal to the weight in the tree. Then we also add edges of cost 

0 from the Source to each vertex. The capacity is equal to the constraint for the number of paths 

that start in the vertex. Similarly, we add edges from each vertex to the Sink, again with cost 0, 

but capacity equal to the constraint for the number of paths that end in a vertex. The answer will 

now be the min-cost maximum flow. 

Subtask 4 & 5 

To solve these subtasks we can either think of a greedy algorithm, or the min-cost flow idea from the 

previous subtask. The main idea is to go from the deepest vertex and maintain a heap with pairs (depth 

of endpoint, count) for all possible endpoints. Now when we're at some vertex, we check if it's worth to 

match it with the endpoint with largest depth. If it is, we do the match, remove the top of the heap, and 

then add the current vertex as an endpoint (we can think of this as partially completing a path, and 

adding the current endpoint as a possible end). The complexity will be O(N log N). 

Subtask 6 

The way to solve Subtask 6, is to adapt the solution for a line to a tree. There is a direct way to do this 

using the "small to large" trick - we maintain a heap in every node, but when we merge, we use the one 

from the largest child as the initial one. If we use the std::priority_queue this solution will be very fast. 

The complexity is  (      ) 

 

 

 



Subtask 7 

There are different ways to implement the full solution, but one way is to simply change the bottleneck 

in the one from Subtask 6. The problem there is that we're using small to large, to merge the heaps of 

the children. This can be done faster, if we use a different structure. The intended solution uses 

Randomised meldable heaps, as they enable us to merge two heaps in O(log). Everything else is the same 

as in Subtask 6. Another option for the structure is to use a Binomial heap. 

Another option is to use a segment tree on the DFS order, instead of small to large. In each leaf we 

maintain a heap, and this way we technically don't need to merge anything (just to extract the node with 

the maximal heap.top() using the segment tree). 

The complexity of both of the solutions is  (     ). 
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