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Abstract: This paper describes one of the processing systems for the quantum programming language NDQJava.
Its main feature lies that the classical parts of NDQJava programs are processed by the Java processing system, so
this effort emphasizes on the processing of program’s quantum parts. This processing system follows the
compilation-interpretation approach, and it includes lexical analyzer, syntactic analyzer, code transformer, quantum
assembler and quantum interpreter. By the end of this paper, some examples are given. The system was
implemented by simulation in June 2006 on the classical computer.

Key words:  quantum programming language; compilation; interpretation; simulation; lexical analyzer; syntactic

analyzer and code transformer; quantum assembler and quantum interpreter

 E BRENMETETAESLTES NDQlava 69— AN E £ % 45 S AEF F 28352 L 48 Java &
G, A5 EH RETHSILLZAHE Z R G GRIF-RF G ER, QAN ITAR T | BRI SRR F AR E
FIL S MBALS 3R I RIEL B T 74,34 A % 6F 2006 4F 6 A k42 it b 4252 3.

KR ETRFHE S RE R AR ST iR SRR RAL S 2 TILG 5 EA T
REESES: TP301 HRFRIRED: A

1 IE%i#e

Shor ¢ T #1452 I 1 0 il S 3E M LA % Grover 6 T 808 1 18 R S0P kAR 2% Hh DL, o Y ik ST L2 hag
A ] BEEE RS T HL.1996 AF IR Knill i9& 455, Baker 1 Qgol™,1998 4 Omer ) QCLP! 2001 4
Zuliani ff) qGCLPILL & 2005 4¢ Altenkirch 2 A 1) QML B & 1 F2 P B0 H I8 5 3% — MUk 9 A8 2 1 T 4.2005
FEVRAMESI AN TEREM LRt —MEFRESE P ELEMma A8 TR RINES
NDQJava. L 48 Bl 72K A Java 15 5, 1 7 0 BAT Wovh. BB FG i 7 Bl 28 gtype. 7 A8 L & T RIA A

« Supported by the Natural Science Foundation of Jiangsu Province of China under Grant No.BK2007138 (V1. 54 [ SR Bl £ 5L 4)
Received 2007-05-18; Accepted 2007-06-30

© hEE

SISO https// www. jos. oTg. cn




10 Journal of Software #4373 Vol.19, No.1, January 2008

BEMERFY Java BIFRUAFRZEA 8 FARRERY, 88 70 K7 .2006 F£FEE T4 IE
NDQJava )5 I, g 52 AR 9 115 AR R AR 45 5 (K LU )45 6 ) 70 A SE 36 3 1R 28 i ok ST AL BB STl 772 1Y)
— AR

2 IEEF

EE AP ARG OR3P DR AR, B G 15 AR R G G 1 e A RE

G 1 A AR AR (10 £ 23 5 A P X SRR PP AT 20 e K R IS 10 AR R AR AT L R U
I AT AV RN Y Ok, HRAS H AR Y (AT S R0e AT, AN e R G AN Z AR AE T 2 H AR R P AEIE AT
Hh LR IR A DU 4K B O LA 2 AT AR A T B R

I3 PG AR RS L G VR AN R SRR RE I OF AN 7 2 FAR R T X R e A o ) 3 20 W S AT A AR
S by TR DN A A AR R T LUPR M TE AR ST B R E H R T AL B SO0 AR T IR A B, O
LA SRR AN 2 A T B 50N AEL I A 24 AT — SRR P 9 o) I A e R P At o S50, A S I 2 £ 58 1k
P EEHAT I D R S AR 18 R AR
SF R AR S G T S AR TSGR G R 20 AN USRI, D B R R RIS R AR A R R A
AT SR BT R)E I KR T A AT RN 6 T 1R 0 A I ), AR AR T AEAR I -

P

|

1

(N1
|

% F NDQJava i 5 1 Java i S ¥Rk, e L Java W3 735 5,110 Java Ab PR R SR T 56 4 3 o i
BRI 8 TR T B4 4> 25748 Java 2 G Ak 31, 0 7F NDQJava 4b 31 5 40 ri it R T X Fhig 42, 2 h

3 EitEN
KRGV HEI 5 NDQJava 15 55 (10 % - HE A [, B S PR PE o T P o P LA R B 1 L SCRR 8]
4 Fit¥ES

ARG B HME S o R TR IR T, R B IR S R R Java RE AL L Ab B
AL AL B AT RE LA I Java R4 A B R gtype, JH Java B T — N5 2 MM Y Java 25 QType, 78 3L
e ST AR AR AT A AR e R T Java TE S B AR RL R, WO T g S R RERR Y RN Java iz LML
B $2% AT LA CAAM S R 1 e 0 B S0 E T QType 28 P 3B 8 F H Java R ZEfif e T 12 1 140 1 b B8, AT
JE ALK Java 25 QType LA K = FILHWAET SRR NS,

5 RGN

(1) ARG 3 - 4LR, RERE AW RE T« 854007 5 AL EE R 7 UK I g 5 R R T, R 4 A
R 1R

(2) AVES BT RRIE ATVE S AT R A I T B8 2 47) 4> NDQJava Y5 A% 1) B8] TR ) H BN AR IRAT (R 2 Y 45 s o
W BT A AR SRR AN R ARid AR AR 2 2 MU RE 2 & T2 AR S TR 7 B R 2 AR 1
AR VE A AT RE R 2 408 10 4 57 53 U1 43 NDQJava Y5 RS (1 5], 5 5 41 50 IR A AR URARF (K 28 28 O e 8 2
BYIE st i1 2R Y b A Ve ks U

[cQbwic | Miaky | wids | KHs |

CQ 10 R L1 R T
WU 0 HoR i Bk L HOR 5P AT 2 RS T 3 R bR,
] L R R 5

© HIHEREBEIIZIT http/ www. jos. org. cn



RF# FFFA2/%HEF NDQlava &L # 4 4 1

MG ] [ R AE R IR IR 7 55
PLISRRAT 4 Bl BV R AR KRB TR LRI R g U8

BT
BT LT I, T2 4 B T 7 SRR 0 — 5 A R e 2

[ w5 | %u |

Serp 5 15 SCAR R KA
V3 T RE P (K 40715 25 L SCHR 8]

NDQJava
source program

Y

Lexical analyzer

Y
Lexical unit attribute sequence,
lexical unit list & data type list

Y
Syntactic analyzer and
code transformer

Y

/ Java program /

Y

1. “Qtype”class for
quantum type “qtype”
2. API functions’ heads
which quantum
assembler and

Java compiler

quantum interpreter
provide Java intermediate language
(JIL) program
y Quantum procedure calll | Quantum assembler and

> guantum interpreter

YES Post-
Rrocessing

Java interpreter

\ Results of

i 7 measurement
Results

Fig.1 Flow diagram of the NDQJava processing system
1 NDQJava 4t R G HEK]
(3) Wik b 5 AR e 4 FE .
VB 03 M 5 AR 2 7 (1) T B x84 2 7 A R AT VB 20 BT K NDQJava 2 )7 HH 1/ 48 it 5 4338 it
BT 43 e O Y 1) Java AGAD.
H T Java g B FR /7 oIk Ab HE i TR AL AT TR, R T Java 1B S IR E S B T — AN 5 gtype AR

AT hitpa/ www. jos. org. cn




12 Journal of Software #4373 Vol.19, No.1, January 2008

QType &, AR fetn

— T N AR A FLA A X2 A AR

TORARLAS RN AR SR AR L W R AR DL A S R A 4 T I R B

SRR IG5 R Java KBS LAT 2T 5 2 AN R B O

TERAS AL I, B B gtype R [ 1 AR 8 g 2 Ui B85 gtype #: 5% QType, MM 45 2 QType o, 7E 73 B A7
fi sy, B A= il QType 2R —ANsE 6. 2438 21 qtype S8 2 BAE I (05 2 e il QType SIS FAR W & B0A FH 5 1 14
YE5 QType 2 i1 BRIHOM Y 3R ML 1.

Table 1 Mapping table of quantum operations to the member functions in QType class

F 1 ®HTHAES QType i BN N %

Quantum operations Operations on Member functions of
P the datatype “qtype” the class “QType”
Identity transformation on the p-th qubit u_i(p) u_i(int p)
X transformation on the p-th qubit u_x(p) u_x(int p)
H transformation on the p-th qubit u_h(p) u_h(int p)
S transformation on the p-th qubit u_s(p) u_s(int p)
Z transformation on the p-th qubit u_z(p) u_z(int p)
Rotation transformation on the p-th .
qubit about the X axis by d rad. u_rotx(p,d) u_rot(int p,double d)
Rotation transformation on the p-th .
qubit about the Y axis by d rad. u_roty(p,d) u_roty(int p,double d)
Rotation transformation on the p-th .
qubit about the Z axis by d rad. u_rotz(p,d) u_rotz(int p,double d)
Controlled-Not transformation on the p-th u_cnot(c,p) u_cnot(int c,int p)

qubit (the c-th qubit as controlling qubit)

Controlled-Rotation transformation on

the p-th qubit about the X axis by d rad u_crotx(s,p,d) u_crotx(String s,int p,double d)
(the s-th qubit as controlling qubit)

Controlled-Rotation transformation on

the p-th qubit about the Y axis by d rad u_croty(s,p,d) u_croty(String s,int p,double d)
(the s-th qubit as controlling qubit)

Controlled-Rotation transformation on

the p-th qubit about the Z axis by d rad u_crotz(s,p,d) u_crotz(String s,int p,double d)
(the s-th qubit as controlling qubit)

Swap operation between p;-th

and p,-th qubits u_swap(pz,pz) u_swap(int py,int p,)
Global phase transformation by d rad g
(the s-th qubit as controlling qubit) u_cphas,d) - cApa(Strjgs double d)
Global measurement operation g_measure() g_measure()
Measurement operation on the p-th qubit g_measure(p) g_measure(int p)
Tensor product operation between Call the member function of

vy q_tensor v.
quantum data v, and v, 19 2

Assignment operation from
variable b to variable a

vy q_tensor(QType Vvp)
a=b a=b.transfer()

1M QType 2R 1y A0l i #2145 1 2
public native void command(String cmd);
public native void command(double cmd);
public native boolean measure(int reg, int bit);
public native int measure(int reg);
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Deutsch £7%:. H: NDQJava &)/ 41 F:
public class Deutsch

{

public static void main (String [] args)

{

Deutsch d=new Deutsch();

int i=d.deutsch_1();

System.out.println (“The result 1 of Deutsch is:”+i);
i=d.deutsch_2();

System.out.println (“The result 2 of Deutsch is:”+i);

}

public int deutsch_1()

{

int i=0;
begin

end

qtype gs;

gs:=init 2::0;

gs:=qs u_i(1)u_x(0);

qs:=qs u_h(1)u_h(0); /% N\ e&EL £ b1+ 15 bR 55
gs:=qgs u_cnot(1,0);

gs:=qs u_h(1)u_i(0);

i:=qs g_measure(1);

return i;

}

public int deutsch_2()

{

int i=0;
begin

qtype gs;

gs:=init 2::0;

gs:=qs u_i(1)u_x(0);

gs:=gs u_h(1)u_h(0); I/ N\ B8 T ok ok %
gs:=qs u_i(0)u_i(1);

gs:=qs u_h(1)u_i(0);

i:=qs g_measure(1);
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end
return i;

}

214 NDQJava Ab B3R Zi 4k 3L 13 81 57 50 70 1L 448 2 )y A1 b
XM00 HM01 HM00 CMO01 NM00 HMO01
MMO00 XM02 HM03 HM02 HM03 MMO02

F Y g R T 0 G LR 2 IR R IAT

0011 0000 0000 0001
0111 0000 0000 0010
1110 0000 0000 0001
0001 0000 0000 0100

0001 0000 0000 0010
0000 0000 0000 0001
0011 0000 0000 0100
0001 0000 0000 1000

0001 0000 0000 0001
0001 0000 0000 0010
0001 0000 0000 1000
1110 0000 0000 0100

AT RN
The result 1of Deutsch: 1
The result 2 of Deutsch is: 0
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