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Figure 1 (Color online) Quantum network
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Table 1 Various quantum networks

Quantum nodes Quantum networks
Universal quantum computers Quantum cloud computing networks
Specialized quantum computers Distributed quantum computing networks
Quantum sensors Quantum sensor networks
Quantum key devices Quantum key distribution networks
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Figure 2 (Color online) Operating principle of quantum computer
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Figure 3 (Color online) Operating process of quantum computer

Two-qubit gates:

Single-qubit gates:
(Controlled-NOT gate/C-NOT gate)
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Figure 4 (Color online) Single and double qubit gates

BPEE RS TR U B, TR ERN U ST IR & T LR U A
RETHRT Uy BIFEFH S (BVATHRMEE ), U; M Uj, A2 5 BRI G T 14, SR B L
WK 4 o (6~8],

1399



Al B TE B BRWT T IR 5 ARk

ETETERN (BETZERE) NEFIFERRERE I E, BERE N & E
BAGAA: B EFIHE ., wihE i EMAahE R (B R AR 4

B ENR ZURER &0, AR 2 S B AR R (BEA ), X E
T BN T 2 B O, s omide T e RSB RITEAR T, e 3G BT R B, FIE T8
&1 RIS — AN LR (B BB BT, ML CUEM, RN 5 M7 HRrgmig. 1 N2
EORE, AT LAAY TEVH AR5 I B A 4. BT ENLSE R S AR ) — 2™ B B4R, X RS R R T
AR & AR, BT TR E R g AR, B K4 A g b S5 R 2 IR X R A %, 2 R B4R
, FET A ST ERAEE AT RE AT I IE LT, VIR BRI BN RGA R [ AR RS, X0 B 4545 )
e, B REE FHRENBERETIEANRE, ARl E r A ARESE T THE RS
RIS, fE— e —4E A A5 RBIE N 1070 6], 78 —4E150 CR AR TSR g id ELAs), R1{E
R 1072 R E T ZHERIB T, PR ST HERGE T 28000 R0 R E R B DR BIX AN RE.
XA HE AR MO T AATDN & EHLHR A, o F ELE SEEUA R AT A, =
SHLRRIE D Seie =, O B b % KA IB IE 1 B Ax.

B PTHEAUFRIPE S DR GBI ARER A (1) 08, B E O LGSR, (2) 7%
fil, AR IRe . E M ENERH REMEFIEE AR, 3) BETHM, AfFETFHE. &1
TFRARAE T RGE; (1) 27 RS, WRAHPRE AR RS 6.

=R E T A CARMI B A% A 32 AR A ARV A TR 5 ke il L. 2016 4F IBM A4
HRENMETIMTENAEL &, B8 5 VR TAEE. SR ILNE BAARERE IR A, RRIHH
PLBEREAE 2 KFREE FIEIE & iFENR? EARIEE KB HIRE T, 2018 FH]0) 2w & AR
BT R R A B A m 4 0 E PRicsm i 64 AL &AWL, FTE 17 240 R & ot SNSRI &
THEALHE AR 2R, 2019 FEFIHENUHEUS E QR 4] IBM HEH 2R EERHE IR,
fr 4N IBM Q System One, X2 1 & 7] i & AL 2RSS (B 5(a) A1 (b)). 2019 4F 10 H, Google
1t Nature b RF T — i BRI S, #OEMATH 53 D27 LRI S &0 7, #88 200 s SEHL—
AN HLER ISR A SS9, T (R ) S AE 24 A I AR 2 B 2 H SR ML BT RE T BEI8 AT R4 1 AR, il
TERREI T “EFHP, BIME EALBLRE )R AR R RN 2 S PR ES (] 5(c) 1 (d)).

Bz, B ENW R BTN E R RN LA FI N T, LSS = I U i 2 Al
(s FH 2. & F i BAIEER 3 MARME.

(1) EFHENEBM. FEAVLEI LR, E B DiReAsE, AR, B «hiFEL", SHbih
TEITE M Z IR B T )15 s AT = AL PEES. IBM Q System One Hft & X & F1HEHLE T

(2) EFHEN. B HRTE 50~100 fa, Hiz B R B AR S B iR (EARCR A <Y
AR BIRRI R A1, R R R AL AR A I (8] PN R 58 B 0SS i) 8, 0 SRR A&
RN X FPHLES S5 o A AR A e S BT ML (noisy intermediate-scale quantum, NISQ).
MR, “EF A PR FR TR AR SRR e ) 0 E B o EALR T R R R T AT A i
ML 3% LR 5 n] /1) T F 55 4% B sk PP BRI, R TSN B R FR HOl K B FR HUE K, T
EETIEN F2 2 0UE K, BRI 7 2 robEr e, B aiR A R E n e &1 RE L2 %
(1% i) 0 B3B8 EUARE i . X 6 [ AT 2 Toy (BiL) AR, FFR R IEATR LR . K, REETIH
HHLCEER] B R0 BB, (BT SRR T I B v (NISQ) IR TG A% o o) A R R
AL I SEBR A, JFiE— BRI o SRR .

(3) BRAEFITEN. X2E T IHEAUH FIZH B AR, FIRAR AT AT 1 0] @, A]7E & A4
AT Z N @A EF AL SEIAL 0 L AN IR A KA, —RE TR SRR LGB LE T

1400



HEB FEREE B0 % 9

5 (MEhRFE) 2019 FEFTENMNAHEGSEXRAR. (a), (b) IBM #EHHNL2KEEFAEFITEN IBM
Q System One; (c), (d) Google #HA) 53 MEFLLHHNBSEF SR
Figure 5 (Color online) Great progress on development of quantum computer in 2019. (a), (b) The shielded and internal

structure of the dilution refrigerator from IBM Q System One. (c), (d) Photographs of the sycamore chip. A 53-qubit
quantum chip from Google.
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Figure 7 (Color online) QKD demo network between Beijing and Tianjin in 2005
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Figure 9 (Color online) QKD network for government, Wuhu, Anhui, 2009
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Research status and future of quantum information technology
Guangcan GUO

CAS Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026,
China
E-mail: gcguo@ustc.edu.cn

Abstract Quantum information technology is an emerging interdisciplinary field of quantum mechanics and
information science, whose birth will promote a new era of human intelligence from classical technology to quan-
tum technology. This paper elaborates on the research status and future of the field of quantum information
technology. Moreover, this paper shows the vision of quantum technology, i.e., the construction of various types
of quantum networks, including quantum cloud computing networks, distributed quantum computing, quantum
sensor networks, and quantum key distribution networks. Quantum computers have transformed research from
the laboratory to the development of practical devices led by these enterprises. Currently, research and develop-
ment of quantum computers have shifted to the stage of noisy intermediate-scale quantum computers (NISQ).
In the era of quantum technology, there is no absolutely secure secrecy system or omnipotent way of deciphering
Information and information security has entered a new stage of “quantum offense and defense.”

Keywords quantum information technology, quantum networks, quantum computers, quantum cryptography
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