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Abstract

The simulation of quantum computation is a powerful tool for designing and implementing quan-
tum algorithms by using classical computers and corresponding frameworks. The cuQuantum, as a
framework for simulating quantum computing, provides an important tool for quantum compu-
ting simulation using GPU. However, since there is a certain gap between representation and in-
tuition when using this framework, it brings some problems in the usage. By studying and learning
the framework and using the framework to simulate the basic operation of quantum circuits, the
related problems in the usage of the framework are clarified, which provides a basis for the sub-
sequent design and implementation of quantum algorithms.
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Table 1. Common single qubit quantum gates and their matrix representation [5]
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Table 2. Common multi-qubit quantum gates and their matrix representation [5]
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3. cuQuantum #E%2[6]

M EHIR#AR T A 1, B iHEEEAHMERE, MiXIEZ GPU AFE I, (A GPU & 1
THREBUTFHIEEE . NVIDIA 25T 2021 F4EEEHEE T cuQuantum,  1E2FET GPU & 11t EARIAE
B8, 'B4r A cuStateVec I cuTensornet BiANi43, cuStateVec /e AbH &1 i 5 M %E, MXTHERIRE, W
BRI, BATCL N oH R B X AN 1 cuTensornet 2= 267 515Kk |48 U1, ARSCAW
AL AR Y PR

1T cuQuantum FEZL T GPU HEAT & IR AE LS, ‘B 4 3 7E O 1) CUDA %:fili -, 3 CPU,
WAE5 GPU % &4 5 & 45 /E AT th CUDA 245, cuQuantum {3 AAEIL & F1H 538 7 1) API, AL
5 4 T E A cuStateVec FERIES 7 API AT BT 1T EL
4. BFIHEE

B HEARUE IR A SO FR & E TR, FERE TR TERE. I
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Table 3. Parameters of the simulation environment in this paper

® 3. ARMIMESH

B 2
BIERS Ubuntu Linux 20.04 64-bit
CPU Intel Core i7
GPU Nvidia rtx3070ti 8G
BRI (HESE) cuQuantum 0.1.0+Cuda 7.2

4.1. BFH4FH cuQuantum IEHR TR

ERRATRE T T cuQuantum AR — T HORE, A — MR T LU [s) = 2.3/0) + 1.4i1)

FIHEZR P 7R A
cuDoubleComplex h_sv[] = {{2.3, 0.0}, {0.0, 1.4}};

XHEERRE, RIEE L AET RSN BN RBHENEE, /£ cuQuantum HIATHI{X, y}
RFREH x +yi, MAEE 2.3 TR N{2.3,00}, REL 1.4i £ N{0.0, 1.4},

T REAPRE MR R Z AR TR, — ek, 2ME T IR &Ry & 7 R R KR,
s 2 5 AR, {BAE cuQuantum IR AE LK BRI T sUORFR 2B TR, TR R EuR &
KFIR, FELL/ NP AT Gt B BA T A 2 AR T EERE s s,) = 0.6[00) +]01) +0.3]10) + 0.5|11) »
HEZR IR

cuDoubleComplex h_sv[] = {{0.6, 0.0}, {0.3, 0.0}, {1, 0.0}, {0.5, 0.0}};
BEOREREZ T, REATLORE SR EH, (HAESEPREIRNT, N2 —4, — b H B 2L
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X IR AL AT IH AL B Dy 1 5 I, LR IR P T R AT A 1547 3 — e Ak P (cuQuantum
HEZL A 58 AT ZOR A —1k).

4.2. X EFHEEHRMEREN

E B i P RE & 11152 Hadamard [, Pauli [], Phase [TEAK w/8 1], %S 1 15k, Pauli
NS 3N X Yy ZRER. (CAUNidd, *FRoR3fe, sqrt FR-FI7i)
BB ARE Hadamard 7] cuQuantum HEZLFK IR
cuDoubleComplex matrix_H[] = {{1.0*sqrt(2)*0.5, 0.0}, {1.0*sqrt(2)*0.5, 0.0},
{1.0*sqrt(2)*0.5, 0.0}, {—1.0*sqrt(2)*0.5, 0.0}};
BUEFATRE b Hadamard 18 T — > L 1 LEAF | s) = 2.3|0) +1.4[1) » Al cuQuantum HEZLXS L 1 LE
FribATHAE, WIRORA:
custatevecApplyMatrix(handle, d_sv, CUDA_C_64F, 1, matrix_H, CUDA_C_64F,
CUSTATEVEC_MATRIX_LAYOUT_ROW, 0, {0}, 1, {3},
0, nullptr, CUSTATEVEC_COMPUTE_64F,
extraWorkspace, extraWorkspaceSizelnBytes);

d_sv & R AFHI h_sv &7x, W LAEAZ AR E0R h_sv ZHHIF] d_sv H1, HTAXAN LR RI®
FE IS (& RIS GPU 5 CPU [ AL 45 10 i), i B AR A X AR . Rk ki3l
G, d sv dHm it sl B Ewh d_sv = {{2.616295, 0.0}, {0.636396, 0.0}}, #%M cuQuantum )%
Nk, T LUE R ERON 2.616295]0) +0.636396|1) ) -

FoAth JUA B LURF AR RAT S S5 e 4 fios e

Table 4. Operation simulation of single qubit quantum gate
4 BECAFEFIIRVRIERIL

BT HFRE cuQuantum Fx
X £{0.0, 0.0}, {1.0, 0.0}, {1.0, 0.0}, {0.0, 0.0}}
Y {{0.0, 0.0}, {0.0, —1.0}, {0.0, 1.0}, {0.0, 0.0}}
z {{1.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}, {~1.0, 0.0}}
s {{1.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}, {0.0, 1.0}}
T £{L.0,0.0}, {0.0, 0.0}, {0.0, 0.0}, {1.0%sqrt(2)*0.5, —1.0*sqrt(2)*0.5}}

4.3. XZBFHEAHRIEREN

—RAE T, ZETHRERZANETHRNAS, HFRETUREFEZ AR T AR EN, H
X ERAE AT AR N 2 AR TR ER, 5 1 b A IR, T cuQuantum HESE R B R T ELRR R AR
BRI HEE, R 28 BT R A BRI IN &5 A AT AE D, A ZHE 2 BT HAF). cuQuantum
FRonik, NI PO AN BT B R 9 -

fEBA |s,5,) = 0.6/00) +|01) +0.3[10) + 0.5[11) , FATEXS 5 — MR T LURFALHEAT X #4E, X A&
T HRFOLEAT Y 3R AE, WIRTBATHR X 5 Y (5KER, ok EREM T LA R 7Ly, B
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0 0 0 -i|f0.6

0 i 0 1
(X ®Y)[s,s,)=(|00) [01) [10) [11)) ;o o1l oa

i 0 0 0|05

=—0.5i|00) +0.3i|01) —i[10) +0.6i [11)

7EAF cuQuantum HEZEIN, LK X. Y HORLEHETACHR, 135
0 0 0 -i
0 0 i O
Y®X = .
0 -i 00
i 0 0 O
FEAS LRI F |s08,) 0 cuQuantum i, BLBLIE (0 T4 M4 e

cuDoubleComplex matrix[] = {{0.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}, {0.0, —1.0},
{0.0, 0.0}, {0.0, 0.0}, {0.0, 1.0}, {0.0, 0.0},
{0.0, 0.0}, {0.0, 1.0}, {0.0, 0.0}, {0.0, 0.0},
{0.0, 1.0}, {0.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}};

iz custatevecApplyMatrix B8 %5 (1) 45 5 4 {{0.0, —0.5}, {0.0, —1.0}, {0.0, 0.3}, {0.0, 0.6}}, iX HL )&k
A cuQuantum FoRik, E 7K -0.5i(00) +0.3i|01) —1.0i[10) + 0.6i [11) -
XF T Swap [, FEMEFIHESENS, AFREAESCRN LA, BI Swap [T B Al HH& RN

cuDoubleComplex matrix[] = {{1.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}, {0.0, 0.0},
{0.0, 0.0}, {0.0, 0.0}, {1.0, 0.0}, {0.0, 0.0},
{0.0, 0.0}, {1.0, 0.0}, {0.0, 0.0}, {0.0, 0.0},
{0.0, 0.0}, {0.0, 0.0}, {0.0, 0.0}, {1.0, 0.0}};

EEFITE T, ZHEEERREEN—RLZE T HEHEME, cuQuantum HEZL A it 15 B 1 i A7 1 )y
i WSZE R E AR 2R, X HLEL Toffoli 1794, FRAITANE Toffoli IR & FHRIER “ W R4
FEHIALIFEI S 1, W 36 =ML U, SIA SR =AM S — N E AL AT BUR I #EE R cuQuantum
HEZERT RN
cuDoubleComplex matrix[] = {{0.0, 0.0}, {1.0, 0.0}, {0.0, 0.0}, {1.0, 0.0}};

XA HIALE N 0 F1 1, HARMIE N 2, 1EH custatevecApplyMatrix pRA%L, X/MNEEIER S M-
custatevecApplyMatrix(handle, d_sv, CUDA_C _64F, 3, matrix, CUDA_C_64F,
CUSTATEVEC_MATRIX_LAYOUT_ROW, 0, {2}, 1, {0, 1},

2, nullptr, CUSTATEVEC_COMPUTE_64F,extraWorkspace, extraWorkspaceSizelnBytes);
d_sv 7E R E0R 2 N

cuDoubleComplex h_sv[] = {{0.0, 0.0}, {0.0, 0.1}, {0.1, 0.1}, {0.1, 0.2},
{0.2,0.2}, {0.3, 0.3}, {0.3, 0.4}, {0.4, 0.5}};

NS HIR LR
(0.1i)[100)+(0.1+0.1i)| 010) +(0.1+0.2i)[110) + (0.2 +0.2i)|001)
+(0.3+0.3i)[101) +(0.3+0.4i)|011) + (0.4 + 0.5i)[111),
BRI
{£0.0,0.03, {0.0, 0.1}, {0.1, 0.1}, {0.4, 0.5}, {0.2, 0.2}, {0.3, 0.3}, {0.3, 0.4}, {0.1, 0.2}},
Al AR AEIE S
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(0.1i)[100) +(0.1+0.1i)| 010) + (0.4 +0.5i )| 110) + (0.2 +0.2i )| 001)
+(0.3+0.3i)|101) +(0.3+0.4i)|011) +(0.1+0.2i )| 111).

4.4. M EIRIEAVIRIL

ERTIHE S, EARRASR, MBS & FLRBETIE, 5 1 WhRNMES ERR T &
A, BIERE ] cuQuantum AE 48 i fa] Sz B E: 34 .
cuQuantum FEZLFE ML T Z AN T E R K%L, &% H A2 custatevecMeasureOnZBasis #Ri%L, & ff
Pauli-Z JEFE Y2, W] LA BB E 7 iH S I E R AE AR, FHIBL|s)=(0.5+0.1i)|0)+ (0.4 +0.3i)|1) A
i, FATE e —DEH h_sv:
cuDoubleComplex h_sv[]={{0.5, 0.1}, {0.4, 0.3}};
PR KA —AN0, 1) T FEHLEL randnum:
srand(time(0));
const double randnum = rand()/(RAND_MAX+1.0);
W H custatevecMeasureOnZBasis pF 44 :
custatevecMeasureOnZBasis(
handle, d_sv, CUDA_C_64F, nindexBits, &parity, basisBits, nBasisBits,
randnum, CUSTATEVEC_COLLAPSE_NORMALIZE_AND_ZERO);
56T 0 |s) U, SRS SAE partiy ST, WIREZ R |s) I d_sv BUAFR . B
A SR E AT d_sv BHRITT, X Bgibil 7R /E 7S MA . 5 BoR T [s) MOl 5
G BNEREER . (ERFBOTN, ARedEs:E, FESNE—RH 2 X LR R, H
RIEE —KNEFHCEHE, f5 4 LR NG VIR FE R, X2 R R .

Table 5. Measure |s) =(0.5+0.1i)|0) + (0.4 +0.3i)|1)
5. xt|s)=(0.5+0.1i)0)+ (0.4 +0.3i)[1) TN &

RH WEER WEJEHI|s)
1R 1 (0.800000 + 0.600000i )|1)
B2 0 (0.980581+0.196116i)|0)
53K 1 (0.800000+ 0.600000i )|1)
B4R 0 (0.980581+0.196116i)|0)
551K 0 (0.980581+0.196116i)|0)

5. KRS RE

ASCR 5 T A cuQuantum HEAEUEAT Bk T STASIIA I 7425, 1 FAE 00 3 P 1 B TR AT 1 0L
R BT R T4 E (] cuQuantum HESESCHLAN 07 MR T BB RS AR TOR AL S B b
EEUH

ASCRPYNIFBORERIRE “ 3 TR i SR RE A A DU T 7T 7 (R4 5. KTGCJS2021002Y)
BB ERCR .
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