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Abstract A universal quantum computer is a quantum computation device which can proceed
quantum computation and other quantum information processing without changing the architecture
of the physical device. Research and development of universal quantum computers raise important
theoretical and practical significance. To reach the goal of building universal quantum computers,
we should pay efforts on several aspects such as low-level quantum physical device, quantum
instruction set system, quantum computer architecture, quantum resource schedule, high-level
quantum programming languages, quantum algorithms and quantum applications. Combined with
the studies of our own research results and the latest progresses of domestic and foreign researchers,
this paper proposes a tentative study of the blueprint of building universal quantum computers in
the computer system point of view, and makes a detailed description of the difficulties and further

works of universal quantum computers.
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FE— R AR AR5 B 5 A 19 )2 AL 2] 56 4514
2 [ 1 34

AT & IR RGBT AT T 2
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FH BRTE A% 25 3047 4% B BT H 5800 52 e 713 093
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(SPU) i &2 e .50 (EEUDY &4 F % &, [ F iR
WA 32 Z2 R M T 25 8] R Z IR A 7 20 58 2 15 1Y)
%T [27:.

HT CNOT TR e & 1T nysaE v B 5
JER T — 3T & FITRIE AL A Bell & 1) &
FEEBMGE— i HE . I T i CNOT
P17 R IR AE S5 ROk W H R BT E
PR 22509 o B CNOT [I4E Sy — Fl L A< 38
(EFEA B 1) R BT AL .

B6 DLYERE 4 T35 o 0B R Mt T
QLA .CQLA #1 ECoPA X 3 F & F i1 MLk & 45
4 22 1R 7E 25 L RTS8 0 4 B S B 0 P o R BRI
— 8 T B AR S P IZ R B A R BT T LAY A PR
TRB RN 22 ] Y b4
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Pauli-X/]
Pauli-ZI]

10 }\()UT) m Bell#

Ix | Xz PO W
— BEf{EE
s — G

[C) ‘

B 5 il TR AL S Bell U 5w 75—

TR B R P LS B A <G AR CNOT [ 70440480 jp 7 aff
Tl fE n |, Bk 2SR T &
‘()UT>:U(‘.\'UT‘T> ‘C>. EIEF'E/‘J?S ‘ 0 RE—A4 ﬁ%{qu
5@/‘&:%((\0>\O>+\1>\1>)\O>\O>+(\O>\1>+\1>\O>)\1>
1) 120 AT 58 i bk v Bell 25 67 ) Pl il 45 @

ECoPA

\

CQLA

e
(33

BHRE

K6 QLA.CQLA 5 ECoPA {& & 4 # 7r iz 5 W 2 | 7] §¢
P A0y 2R A ARy T PN L GRS G0 < 7 3 TOUAH G P RE A 15
B B R RN LB R AAFAE LB 56 20 - de /D AT S
1 TS AE BUA 1 25 i 49y 2 ST B 2% T S T S AR Tt i R
WA b IC Ik ARIEIE 1T 2 A% 2 7 19 IE A 1

7T EFRIFERAERS

e 3 fros . & T AU R a5 & — 4
HEL AR A B BT RO B R e MR LA R 4
FE A R B B O R SRR E ()
T8 B T B2 DL SR B R 1T B X 9
AR R 45# (Instruction Set Architecture,ISA).

ISA J2 [] If S TG A 1 15 B A 15 10 v ) AR 2R 46
BRI E FRIFBOMES WAL, T2 K%
HRAE &5 R G0 ISA 2 5 W) P92 B H AR 57 I ] 1
5 IR G R 0 — G5 e PR B

5N T AR P )2 1 £ 48 4 34 Ay il Jn 7 2 58 1
L BB A N TRFEF N F2HEES
J 51 T WLt B e SR A B T AT AT A 2
B B2 A2 IX U I8 B AR A TE 1] 1A AR 45 4 1Y IR IR
Uiy —— ") B2 AT WS PR 23 9 B B O i D — R A
FLAT 75 5 BORE B AR ) B BE AR #8481 (Sequence of
Elementary Operations, SEQ), SEO J&—F 2 L) F
Lo S MIRg R FiE S ERE N & I EY
PR IF 5 B9 AN [R] 1 A2 Ak 3 PR IR T T 4 1 14 R 45
Fa AT AN 28 46 o5 b AT A S B i 7 E SR s
17 R 45 B & X i 1 SEO BT,

KTWHZRS I, BAt4 K280 Ll
)T IR T & 3 DL 2R A R Ry Ll ik
SEO 754 B2 XoF i 1 — M Ry B A 1 1 132 48 11 Cn
H.CNOT.X,Z,S %), XS 4] {1 AT IR A
HH T o 88 22 55 1] 3 X PRAT WP A7 225K AT 5 X &
GE 7 AR A5 . IR 4 0 fer 7R A 38 )2 e 2o i
BT PATIRT 78 LR UEPRAT 45 S IE i 1 T 82 T
AT BRI D X 30 A 7 A ) LTS R A I AR T B R
A R T TIAT 1 IEAT 1 o 2 (75 W 5 1) () .

84 2% 3147 (Instruction-Level Parallelism, ILP)
S AR TE 2 Mt LR R G50 h 2 AR
PO ARTE R TR R AT — 28 ] L X BT B A
P — AN AT T A MG ALY B2 5 1R 2 TR
FRGE 03 5r Hr i R R 1 S s AT 1
AR IR A7 2 DT 7E DR UE TR P 48 4T IE B 1 1
PR AR BE A G B B2 2 45 4 S P RE B
KA TLP # B2 IS n] B8 - A T 38 {5 A2 58 19 &

@ UL Oskin 2003 4F 3% R R 42 “ Quantum Architecture: More
Unknown than Known”. http://www. cs. washington.
edu/homes/oskin/quantum-tutorial/QuantumTutorial. ppt

@  Goebel A M, Wagenknecht C, Zhang Q, et al. Teleportation-
based controlled-NOT gate for fault-tolerant quantum compu-
tation. arXiv: 0809. 3583, 2008
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Q-gol® Baker PR 0 CaML 1998 4F 8 H 2
Quantum C® Blaha i 42X 1SO C 2000 4F 6 A =
qGCLMe) Sanders % e pGCL 2000 4 9 A 7
QML) Altenkirch PR ML 2001 4E 11 H %5
Quantum Entanglement® Gough ERI/EN Perl 2002 4£ 6 P
The Q Languagel?"] Bettelli AR 1SO C/CH+—+ 2003 4E 5 H =
QPLbU Selinger TN — 2004 4£ 9 5
Quantum Predicative Programming[?] Tafliovich PR — 2006 4E 12 A %
NDQJavals54] TR A4 LERCEN Java 2006 4 7 A P
QCL] Omer T C 2006 4£ 12 J P
LanQ® Mlnarik %5k C 2007 4£ 10 A £
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RIRFEOHEE AT HS R FREF USSR
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TR BTG S AR FE AR G0 N ST 0T A o .

(D IE® PR, Fris i i & B8 1E B 50 & 1k B 1
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W55 o B o e AP . IR R S 4R O T
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2 W, http://www. rp. csiro. au/~gbaker/q-gol/

® UL http://search. cpan. org/dist/Quantum-Entanglement/
Blaha S. Quantum computers and quantum computer
languages: Quantum assembly language and quantum C
language. arXiv: quant-ph/0201082, 2002

® Mlnarik H. Operational semantics and type soundness of
quantum programming language LanQ. arXiv: 0708. 0890,

2007
©® W http://research. microsoft. com/en-us/projects/liquid/
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Background

Quantum computation is a field of science and technology,
combining and drawing on the disciplines of physics, mathe-
matics, computer science and engineering. Indeed, scientists
predicate that within next 20 to 40 years there will be quantum
computers. The universal quantum computer is therefore
worthy of being studied. Today, most of the physically
implemented quantum devices can deal with only some domain-
specific problems. People have been trying to build a universal
quantum computer, which would be able to solve all kinds of

problems on a single architecture. In recent years, quantum
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algorithms, quantum computational models and physical
implementation of universal quantum computers have been
studied. The results of these studies provide the necessary
theoretical and experimental basis to design the scalable
universal quantum computer with new features such as fault
tolerance, high performance and high-fidelity teleportation,
etc. These features can also provide quantum operating
system, quantum programming languages and even quantum

application software.



