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• Suppose we are dealing with a directed graph. 

• Recall Dijksra’s algorithm to solve the shortest paths from source problem. 

 

• Now consider this close relative of it: shortest paths to target : 

   Given a graph G and a target node t,  

 Find the shortest paths from every node in G to t. 

 

 

• We could modify Dijkstra’s algorithm accordingly to solve this problem. 

 

 

• Or… 

We could use the mechanism of reduction. 

This means that we would use Dijkstra as is, modifying the input (and possibly 

the output). 
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   G 

shortest paths 

to target in G 

shortest paths  from 
source 

G' 

shortest paths 

from source in G' 

swap edges 

A schematic view of the reduction  

 from “shortest paths to target”  

 to “shortest paths from source”: 

shortest paths to target 

target source 

Reduction 
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inputB outputB 

Problem A 

inputA outputA 

Modification  backwards translation  

Problem B 

A schematic view of a reduction from problem B to A (denoted B ≤ A): 

Reduction 
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• So reduction is a powerful mechanism, allowing: 

• to solve new problems with solutions to existing ones. 

 

• Reductions can also be used to order problems by level of difficulty. 

 

• Example: 

• Hamiltonian cycle problem: 

• Input: graph G 

• Output (yes/no): is there a cycle that visits every node exactly once? 

 

• TSP: 

• Input: graph G, integer k 

• Output (yes/no): is there a cycle that visits every node exactly once with 

total weight < k ? 

 

• Prove: Hamiltonian cycle is not harder than TSP  
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• Prove: Hamiltonian cycle is not harder than TSP  

• By reduction (Hamilton ≤ TSP): 

 

 

 

 

 

 

 

 

 

 

• Note that there is a Hamiltonian cycle in G iff there is a TSP route of  

 weight = n in G’. 

• Subtle issue: the reduction itself is polynomial (denoted Hamilton ≤p TSP). 

So actually Hamiltonian cycle is at most as hard as TSP + pol. time. 

   G 
(with n nodes) TSP 

(is there a cycle that 
visits every node once, 

with weight < n+1?) 

G' 

yes/no 

all weights =1 

Hamiltonian cycle 

n+1  yes/no 
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Reflection 

• The notion of reduction is a fundamental concept in CS. 

• It allows ordering the level of difficulty of problems, thus: 

• Solving one problem using a solution to another 

• Proving a problem is at least as hard as another 

 

• This notion is closely related to the notion of "black-box“. 

• We do not care about how the “reduced-to” problem is solved 

• We just assume it can be solved within some time complexity bound 

 

• Remember the class of NP-Complete problems? 

• All these problems can be reduced from one to the other in pol. time. 

• In this sense, they are at the same level of difficulty. 

• If one can be solved polynomially, all can, and vice versa ! 


