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Abstract The “Songshan” supercomputer system is a new generation of heterogeneous supercomputer cluster independently de-
veloped by China. The CPU and DCU accelerators it carries are all independently developed by my country. In order to expand the
scientific computing ecology of the platform and verify the feasibility of quantum computing research on this platform, the paper
uses a heterogeneous programming model to implement a heterogeneous version of the quantum Fourier transform simulation on
the “Songshan” supercomputer system. The computing hotspots of the program are allocated to run on the DCU; then MPI is
used to enable multiple processes on a single computing node to realize the concurrent data transmission and calculation of the
DCU accelerator;finally, the hiding of computing and communication prevents the DCU from being in the middle of data trans-
mission. The experiment implements a 44 Qubits-scale quantum Fourier transform simulation on a supercomputing system for the
first time. The results show that the heterogeneous version of the quantum Fourier transform module makes full use of the com-
puting resources of the DCU accelerator and achieves 11. 594 compared to the traditional CPU version. The speedup ratio is high,
and it has good scalability on the cluster. This implementation method provides a reference for the simulation implementation and
optimization of other quantum algorithms on the “Songshan” supercomputer system.
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Fig. 2 CPU-+DCU heterogeneous programming model
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Table 2 24 Qubits to 32 Qubits time-consuming comparison
Qubits 24 28 30 32
EATEIAA /s 42.337  1021.043  4019.502  20332.016
AT R M L IFE /s 6.399 115.478 412. 875 1753.621
Jm 3 6.616 8. 841 9.735 11.594

HT 2 2 Bcd mT 0 o E A BOAE B 4 BT BT B 2 A
T ECRR B i AR A BT M A T RO
32 B, M LIRS T 11, 594, S0 B E B T R AT F A S B
V14 kR L A B 8 LU GO S LT B B ASY R
IR TR PR RE IR TR LS B AR

H T AN A A N AE BRI L 32 T LA g A 3 A R
DL 52 B0 AR - B, A S 3 48 Xk AT S 4 S0 0 k1 B
WA S 0L 7 S A S B AT S L B A I AR AR
32, ABAAS Y i 1 AR s A7 i [ Dy R e 03 i B 00 AR I B Y
FIBATH MPTIFATR0R MRS Bk 3 gl ,

%3 32 Qubits 4B

Table 3 32 Qubits scalability test
nodes Time/s MPI parallel efficiency/ %

1 1753.621 100

2 897.032 97.74
4 474,172 92.45
8 251.218 87.33
16 131. 104 83.59
32 69.781 78.53
64 37.332 73.39

M2 S WR S A F AR ECh 32 i R T AE 32 4
W F B MPI S ATRCE T 80% , I HEUE T80 75 B0 Pk fE
SEIGAE B T IR AT S A S e A AR R AE L
YA REMER FRA RIFWWRREE., AT 28T
FL R S R B B 5 A5 B H 9 3E— 2D B8 K, MPT
5 84 396 1 FF 85 45 22 360, MPT I AT B 8CR R, i A H 32
T LR I T L I AR AR AL B 28 AN G T R T A R A
T, T IR 2R B I AT A L e 2 A 4 7
RN AR b ke B R AR Al A P Rl R B R AR 3
S AT EUAR RN 34 BEINE 44 BRSO S BIAE 32 B HE N
2048 ATFEY A BT T OB, B R NS 4 Y.

#£4 KHEM L

Table 4 Large-scale testing
Qubits  nodes time/s
34 32 285. 387
36 64 681.218
38 128 1485.948
40 256 3779.029
42 1024 3862.838
44 2048 8542.651

TRERAEZERARGE LT 44 2 F IR AW &
TR AR L, S RO R L R AT A S B G A
R UL A 1L G S AL R G 5 BB X R LA AR
a5 A BUAT 1AL T Y PERE

BERIE A SCRIE L7 LR G S A AR
A C/C++IEF M HIP-C if F L3 T 4t 7 i B A5 e 4
L S AL R A, IF A MPT £ 2 45 i DCU Ik i fF 5
LR 25 TR R R, LIRS R IR IE T A SC 4R
W R R, R, AR SCERIE TR SRR
7P LR G LR ATATE R T %P A R RA TR AR
AL S HAl T AT % R G LR ERE BOE T AR
AR SO S B T 1] 2 B4R AR B0 % PR B 2 R B — 2P B AR
s X F U5 A7 B 2 B R A3 A Y b B 2 i — 25 4 TH AR UL SE R
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