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Abstract

quantum computing equipment is limited to the technological level of physical realization. It takes a certain amount of time to ac-

Quantum computing has a natural parallel advantage due to its entanglement and superposition. However, current

cumulate and break through to achieve huge computing power and solve practical problems with practical significance. Therefore,
using classical computers to simulate quantum computing has become an effective way to verify quantum algorithms. Quantum
Fourier Transform is a key part of many quantum algorithms. It involves phase estimation,order {inding,factors,etc. Research on
Quantum Fourier Transform and large-scale simulation implementation can effectively promote the research, verification and opti-
mization of related quantum algorithms. In this paper,a large-scale Quantum Fourier Transform is simulated using the supercom-
puter, “Sunway TaihuLight”.independently developed by our country. According to the heterogeneous parallel characteristics of
SW26010 processor, MPI,accelerated thread library,and communication and computing hiding technology are adopted to optimize
the system. The correctness of the Quantum Fourier Transform simulation is verified by seeking the period in the Shor algo-
rithm,and the simulation and optimization of the Quantum Fourier Transform of 46-Qubits are realized , which provides reference
for the verification and optimization of other quantum algorithms on the supercomputing platform and the proposal of new quan-
tum algorithms.

Keywords Quantum fourier transform,SW26010, MPI., Accelerated thread library,Shor algorithm
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Fig.1 Architecture of SW26010 heterogeneous multicore processor
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Fig. 2 Quantum Fourier transform circuit diagram
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Fig.3 Diagram of computation and communication hiding
[] e, 7 B H AR e AR 4Bl AR 51 numproes S8
Fl qubits Z5, 4350 7R 0l T i 2 7 BORN R Y 11 L e

. HHEE N run. sh A, TR P HwERFRIHER Az
T RBI AN ERM B M, run. sh AT .
1. for((i=1;;i++))
2. do
3. echo “How many processes do you want to choose?”
echo “Our processes numbers are in 2°0~2°16, ”

echo “Please choose a number form 0~16."

if[[“$ exponent” —lt, || “$ exponent”-gt 16]];

4

5

6. read exponent
7

8 then
9

echo “ERROR”

10. continue

11.  else

12. let numprocs=2 * * “ $ exponent”

13. if[[“$ exponent” %2 —eq,]]

14. then

15. let qumin=_20-+*$ exponent”

16. let qumax=30-+“$ exponent”

17. else

18. let qumin=21-+“$ exponent”

19. let qumax=29-+“$ exponent”

20. fi

21. for((G=13;j++))

22. do

23. echo “how many qubits do you want to choose?”

24. echo “please choose a number from “ $ qumin” ~ “ $ qumax””

25. echo “Notice! qubits must be an even number!”

26. read qubits

27. if [[“$qubitsr”% 2-ne 0 || *$ qubits”It “ $ qumin” ||
“$ qubits”-gt “ $ qumax”]];

28. then

29. echo "ERROR!”

30. continue

31. else

32. bsub-I-b-q q_test_yyz-n $ numprocs-cgsp 64-share _size
14000-host_stack 2048. /a. out $ qubits

33. break

34. fi

35. done

36. break

37. fi

38. done

run. sh 7R it bsub SHAE #2874, busb fiv 4 H I
SEULI N 1 ral,

# 1 bsub A S EEET

Table 1 Common parameters of busb command

-1 RAXEREL FHELEFLRITOHE
b HEMNEEMLT R 7
-q 16 45 E By BA AR R AR b, S0 R
-n HEFREWNHRAERK
-cgsp WEGAIARANEENNEANE, ZSHLADTRET 64
-share_size HEHAFETE KN
-host_stack o EBREEE AN, BRIAY 8M

Flan, = RG] q_test_yyz 3 B A AE N
a. out, IZAE M A# ] numproes (JH P 8 B AN T8, F
VA 64 MAZSEBLIFAT MMk 38 38 fir 2 4 - bsub-I-b-q q_test_
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Table 2 Run time comparison between single master core version
and single master slave version
BA it /s ki -3
BEH 3.61
LN 0.56
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Table 3 30-Qubit MPI scalability test results

HEH EATEHIE/s  mEHR MPIHARE/%
1 868 1 100
2 454 1.91 95. 60
4 232 3.74 93.53
8 117 7.42 92.74
16 76 11.42 71.38
32 41 21.17 66.16
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Table 4 Run time of different qubit simulations
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