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& B RYBUE BRI RE T V& T R A 2 1E B I Y
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Aii o RBM 3 it 19 2% pR K514 38 3T DI RE , 75 9 25 114
ZEAE DA 2" A Bt 107 n 5 RO I AT A D
n 22 TR KL RO HB IR D T 244
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ZUF :RBM W Z5/ K 3 fis, Ele— 1N EA
X Ta] 3 422 1) FE AL AL B PR T 2 2 P20 43 A A

A] L2 (visible layer) FlBg 7% 2 (hidden layer) , 5—
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KR IH— A T Z, S — A5, BT
72,=Y o B _ D o Eah) (30)
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S 28 R 45 AT A2, IO T PR RE AR R B R A
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IRETACIRES o, 1 HAth 2 )22 40 1) B2 B AN B
HIt)2 e RAE 4 T BUE S5 R 085 R 28
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2HSEO=A K pu ¥ LEERENET A wir
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A RS R h XTHER I (o, b, a) KA,
A ABRAHI IR S 5 (210 RGO pylo, @)l
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Hof, du(o, a)=logp,(o, a)/2;7Z, = Y p,(0,a), 2 —
EEL

58 3 3 A R 5 00 35 = e, {90 (W
AE ELH2 3R A5 1 22 W 2 SRR W 1F R % BEHE T R py,
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(e, a') +il N (o0') + 11, (0, 07)

(36)

P~Au (0-70-/) =€

. N il 4 1
(oo ):2(Zlog(l+ew )i
EIOg(l + e"’[a"v’w'a’]) +b,(0+ 0"))
1 3 ’
I1,,(o,0') = ;log(l + exp{zUﬁ”((r +0o')+

%U,E“(a' -o')+ d&“})

Ly\& 0:/\ ﬁﬂfc
(37) A AR TR M E M P, (0, 0)

P& RS AR B ALY 2 T L AR R
B, ok B h 2'=2=4, B 4 SRR & AL
I, 2R FH RBM 75 52 RS R 28 g A 1Y 1000 n=25 5

KRR )= D, () ]x), Hi b x=00,01, 10, 11, %f

T 45— Ising 1Y S % R BICLE BV 38 R ER 1
53, e W — AN P) = a,]00) + a,|01) + a,[10) +
a, 1) a4 BBl a,i=1, 2, 3, A4, %A
s B {0, DV, st BRI %) T B #8045
FE I R A5 AL BE TR 95 Z2 W I B s 4 A n
B PR BT A AE S R B R A,
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AR R PRl . RBM PR 2 2] Bk 2
XF LEHUEE (contrastive divergence, CD) 8.9 . Xt [t
B TR0 B (IR 38 3R I 28 A i 5 HLR
22 [ 5 2 ) 7 % i A o i 252 )
Bl AT o W IR A S R AT B AT 35 A i R A
(Gibbs sampling) 1 £ 2 U, 5 RE S 58 Wi 5 1A%
I,

4 Z5ip

R AR 248 XHE T2k, A ] RERE 2" 9t
SR n Z2 I TR 2 B AT ek 2
WSR2 I 18], PRI SO B, B maE i B . A
SCAR I 12 PR RSO 8 2 REL P A [ ) 50 R 2 ) 4%
7R, LARAS BT BT AR S5 R R e 22
P 245 Hi A/ ) 22 18] A A e R I G 3R L S SR MR
2 248 HEA T T G T B AL TR L A I 2% R
SR Z LA L P 28 kRS A ) BT B

2 % 3Lk (References)

[1] D’Alessandro D. On quantum state observability and mea-
surement|J]. Journal of Physics A: Mathematical and Gen-
eral, 2003, 36(37): 9721-9735

[2] Fano U. Description of states in quantum mechanics by
density matrix and operator techniques|J]. Reviews of
Modern Physics, 1957, 29(1): 74-93.

[3] Smith A, Riofrio C A, Anderson B E, et al. Quantum



—t

58 www .kjdb.org

R 2023,41(19)

state tomography by continuous measurement and com-
pressed sensing|J]. Physical Review A, 2013, 87(3):
030102.

[4] Li K, Zhang J, Cong S. Fast reconstruction of high—qubit
quantum states via low rate measurements|J]. Physical Re-
view A, 2017, 96(1): 012334.

[5] Zhang J J, Cong S, Ling Q, et al. Quantum state filter
with disturbance and noise[J|. IEEE Transactions on Auto-
matic Control, 2020, 65(7): 2856-2866.

[6] Xin T, Lu S R, Cao N, et al. Local-measurement—based
quantum state tomography via neural networks[J]. NPJ
Quantum Information, 2019, 5(1): 109.

[7] Lohani S, Kirby B T, Brodsky M, et al. Machine learning
assisted quantum state estimation|J]. Machine Learning:
Science and Technology, 2020, 1(3): 035007.

[8] Xu Q, Xu S Q. Neural network state estimation for full

quantum state tomography[J]. arXiv e-prints, 2018:
1811.06654.

(9] 6 AL, PAFE. T T8 BE M 22 2% 1Y) 2 LR B 25 Y Al
HHCYAR 22 Jm P E RGO AR & AL PEBRARR
K=, 2021: 80-84.

[10] Zyczkowski K, Penson K A, Nechita I, et al. Generating
random density matrices|J]. Journal of Mathematical
Physics, 2011, 52(6): 062201.

(1] 3 SO, AR R . ol 28 0 2% o 5 285 S H R, (. W B,
2021, 50(2): 76-83.

[12] Hinton G E. Training products of experts by minimizing
contrastive divergence|J]. Neural Computation, 2002, 14
(8): 1771-1800.

[13] Torlai G, Melko R G. Latent space purification via neu-
ral density operators|J]. Physical Review Letters, 2018,
120(24): 240503.

Mathematical and neural networks representations of quantum states

CONG Shuang

Department of Automation, University of Science and Technology of China, Hefei 230027, China

Abstract

With wide application of deep learning, applications of data self-generation and probability simulation of neural

network models in quantum state reconstruction and estimation have attracted people’s attention. In this paper, from various
mathematical representations of quantum states, we derive different representations of quantum states in neural networks.
Nonlinear mapping relationships between input/output on corresponding neural network structures are deduced from the
relationship between different physical variables of quantum state. This work provides a theoretical design basis of network
function relationship and data generation for using different types of neural network models to realize quantum state estimation
by means of their own data self-generation and probability simulation function.

Keywords quantum state; neural network representation; probabilistic simulation; density matrix reconstruction
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