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Simulation Implementation of HHL Algorithm Based on Songshan Supercomputer System

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

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

Abstract Quantum computing is a new computing mode that follows the laws of quantum mechanics to regulate and control
quantum information units to perform calculations,while the quantum algorithm is composed of a series of quantum gates whose
realized form is quantum circuit. Quantum circuits are circuits that operate on qubits,using qubits as the basic storage unit to con-
nect quantum logic gates to achieve specific computing functions. This paper uses the MPI+ OpenMP hybrid parallel program-
ming model on the “Songshan” supercomputer to realize the construction of large-scale quantum circuits by splitting them into
different nodes, which speeds up the construction of circuits. For the communication problem between nodes, serialization and de-
serialization functions are designed to ensure the transmission of data between nodes. Aiming at the exponential difference in the
amount of tasks allocated by each node,an optimized method of splitting the task amount and round-robin processing of each node
is designed to achieve load balance between nodes. Finally. the construction of a large-scale quantum phase estimation circuit is
successfully implemented on the supercomputer CPU cluster. Compared with a single node, the speedup ratio of 8. 63 is achieved.
The HHL algorithm is used to verify the correctness of the designed parallel phase estimation sub-module, which provides a
reference for the implementation of large-scale HHL algorithm on the supercomputing platform.

Keywords Quantum phase estimation, CPU cluster, MPI, HHL algorithm,lLoad balancing
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Table 2 Data transfer volume of nodes

(L s byte)
Quibts Node 0 Node 1 Node 2 Node 3
8 200 344 1208 4664
10 216 436 1432 23128
12 344 1416 10824 86088
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Table 3 Data transfer volume of each node after optimization

Quibts Node0/byte Nodel/byte Node2/byte Node3/byte
8 1642 1642 1483 1642
10 6124 6296 6296 6296
12 24954 24954 23805 24954
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Table 4 Time consumed in load balancing

Quibts Four nodes time/s
25 46.432
26 115.236
27 172.256
28 206.526
29 296.352
30 481. 256

YR 1 M 3 T LR B AR B M R T AR
KT S UE I T SR £ X TR B M4 4 L 2T
AT R RS B A RAFI IR ROR . R 1 MK I W
YR ST B8y ) AR K o e G P 8 BT

p 2473

T =
e

2 2 27 28 29 30
o FH RAERRMH o £ Y KARYK

P8 AL AT ARG i L

Fig. 8 Relative acceleration ratio before and after optimization
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Table 5 Data processing acceleration ratio

Quibts Nodes Serialization acceleration ratio

25 15 7.96
26 17 8.78
27 19 8. 64
28 21 9.53
29 23 9.87
30 25 9.47
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Input: A,b
Output: result
1. auto machine <= initQuantumMachine(CPU)
. auto prog < QProg()
. QCircuit circuit <= CreateEmptyCircuit()
. QCircuit <=QPEO)
. QCircuit<-build_CRO
. QCircuit<-QPE_Inverse()
. QCircuit hhl_circuit<-HHL_circuit(A,b, machine)

= W Do

. result < x

© o N > w»

. Return result
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