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Solving Graph Coloring Problem Based on Grover Algorithm

LIU Xiaonan', LIU Zhengyu® , XIE Haoshan' and ZHAO Chenyan'

1 State Key Laboratory of Mathematical Engineering and Advanced Computing, PLLA Information Engineering University, Zhengzhou 450000, China
2 School of Computer and Artificial Intelligence,Zhengzhou University,Zhengzhou 450000, China

Abstract Grover quantum search algorithm is a famous quantum algorithm designed for unstructured search problems. It can be
used to solve problems such as graph coloring and shortest path sorting,and can also effectively decipher cryptosystems. Graph
coloring problem is one of the most famous NP complete problems. In this paper.the graph coloring problem is transformed into
an undirected graph in mathematics,and then it is transformed into a Boolean satisfiability problem by using Boolean expression.
The steps and principles of solving Boolean expression in quantum circuit diagram and the transformation process from graph co-
loring problem to Boolean satisfiability problem are introduced. Finally,on the IBMQ cloud platform.for the three nodes.2-colo-
ring problem and 4-coloring problem are simulated. Experimental results verify the feasibility of using Grover algorithm to solve
the graph coloring problem. In the 2-coloring problem with search space of 8 and the 4-coloring problem with search space of 64,
the target items are searched with nearly 82% and 97 % success probability respectively. In this paper,Grover algorithm is used
to solve the 4-coloring problem,expand the experimental scale of the algorithm in this problem field,and improve the quantum
circuit of the existing experiments,so that the qubit cost is lower and the result success rate is higher, which shows the remarka-

ble acceleration effect of Grover algorithm in large-scale search problems.

Keywords Grover algorithm, Graph coloring problem,Quantum circuit, IBMQ,Boolean satisfiability problem
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