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Quantum assembler and interpreter of NDQJava processing system
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Abstract: Quantum computing is considered possible for being more powerful
than classic computing model. So far there are a lot of works have been done in
the fields related to quantum computing. The QCI (Quantum Computing and
Quantum Information) group of Department of Computer Science and Technology
in Nanjing University are working on the design and implementation of quantum
programming language. At present a new kind of quantum programming language
named NDQJava have been designed and implemented in a simulation system
based on classic computer. In this process quantum assembly and machine
language are defined. As the interface between high level programming languages
and quantum devices, the design of quantum assembly language has to take
completeness, simplicity and user-friendly into consideration. In order to simulate
the quantum computing process via software, a quantum machine language is also
defined and interpreted by the interpreter running on classic computers. This
article defines the quantum assembly language and corresponding machine
language used by NDQJava processing system at first. Furthermore, it focuses on
describing the design and implementation of its assembler and interpreter. Finally,
it tries to explain some key issues in detail with diagrams and source program
pieces.
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Table2 Quantum machine code set
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Nop 00007 *XXXX” “XXXXXXXX’
0001 *XXXX” “XXXXXXXX’
*0010” “XXXX” “XXXXXXXX’
‘00117 “XXXX” * XXX XXXXX’
01007 “XXXX” “XXXXXXXX’
01017 “XXXX” “XXXXXXXX’
10117 “XXXX? XXX XXX XX’
11007 “XXXX* XXX XXX XX’
Phase ‘11017 “XXXX” E XXX XXX XX’
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Table2 (cont.) Quantum machine code set
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Swap f01107 “XXXX? XXX XXX XX #0000 * X XXX “XXXXXXXX’
Cnot 01177 “XXXX” XX XXX XXX “0000” “XXXX” * XXX XXXXX’
RotX 10007 *XXXX” XX XXX XXX “0000” “XXXX” * XXX XXXXX’
RotY 10017 “XXXX “XXXXXXXX™ “0000” “XXXX” * XX XXXXXX’
RotZ 10107 *XXXX” XX XXX XXX “0000” “XXXX” * XXX XXXXX’



Measure  “1110” *XXXX” “XXXXXXXX’ “0000” “XXXX” * XXX XXXXX’
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Table3 Quantum assembly instruction set
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Table.3 (Cont.) Quantum assembly instruction set
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RotY P” ‘MXX* ‘N’ ‘MXX’
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Measure ‘M’ ‘MXX’ ‘N’ ‘MXX’
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Fig.1 Quantum assembly code processing flow
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Fig.2 Quantum interpreter processing flow
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® public static void command(String cmd);

® public static void command(double cmd);

® public static boolean measure(int reg, int bit);

® public static int measure(int reg);
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class MachineCode {
public int op; public char reg;
public char bitHigh;
public char bitLow;
public MachineCode(String cmd) {...}
public MachineCode(int tmp_op, char tmp_reg, char tmp_bitHigh, char tmp_bitLow) {...}
public void dump() {...}
public MachineCode cloneMe() {...}

}
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public static void assemble(String asmcode) {
if (4 == asmcode.length()) {
MachineCode machinecode = new MachineCode(asmcode);
switch (asmcode.charAt(0)) {
case "N’: machinecode.op = 0x0; /45 Hi — 4% ¥& & g — Mtk 45 4 ) th 5
if (last_op == "N’ || last_op == "H" || last_op == 1" || last_op == "X’ || last_op =="Z" || last_op == S’ || last_op =="T" ||
last_op =="F’ || last_op == "A’ || last_op == "0’ || last_op == "P” || last_op =="Q’) {
errorreport(“Invalid ASM instruction!");
}
else {
IHE PR B IS SRR
dispatch(last_machinecode, machinecode);
}
break;
case "H’: machinecode.op = 0x1;

last_op = "H’; dispatch(machinecode);



break;

case "W’: machinecode.op = 0x6;
last_op =W’

break;

}

last_machinecode = machinecode.cloneMe();

}else {

errorreport("Invalid ASM instruction!");

}
4.3 BRERF B R  EE TARE T 20 AR R SAT B L 152, il 2 ok SERLse gt o
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static Complex[] state = new Complex[256];

SEHLNT 8 At AL T A AL SR AL AR, #1l0: state[0] 47 A5 45/00000000 > Jir X [
(R, T state[1] 47 7% 5E 2%|00000001 > 7 %o 3 [ ME R, HL AR 000 7T 44 s 24t
4.4.1 FFMERIEA IR ENBATEBII R HTH RSB, Fa2 b AR a2 B,
AR R SRR 2 M T B AR, IR A il P A e CRARE) SCBL . AN 8 T

AP RERE . O T REAERE RS R ARIE YRR, R0t 1 T Kol 54 8 X

class Umatrix {
public Complex x1;
public Complex x2;
public Complex y1;
public Complex y2;
public Umatrix() {...}
public Umatrix(Complex tmp_x1, Complex tmp_x2) {...}
public Umatrix(Complex tmp_x1, Complex tmp_x2, Complex tmp_y1, Complex tmp_y2) {...}
public Umatrix multiply(Umatrix tmp) {...}
}
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e S AGS L PY R ARL SR, 3K SRk ) SE DA T T

public Umatrix multiply(Umatrix tmp) {
Complex tmp_x1x1 = this.x1.cloneMe().multiply(tmp.x1);
Complex tmp_x2y1 = this.x2.cloneMe().multiply(tmp.y1);
Complex tmp_x1x2 = this.x1.cloneMe().multiply(tmp.x2);
Complex tmp_x2y2 = this.x2.cloneMe().multiply(tmp.y2);
this.x1 = tmp_x1x1.add(tmp_x2y1);
this.x2 = tmp_x1x2.add(tmp_x2y?2); return this;

}

10



4.4.2 PERILHIMRE MARNE RIS, WEAR- MR 2L TR S R BEN LT . AR it
G AR ME AR B FCBEAL AR, (H R R DR Pl R M IR AR A N 2 — B R B, Xt RO A
BRAZAT, AR AR HAT . O T R M L BRI R, e A AL AR

Jl A REHLAL:

double rand_num = Math.random();
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public static int measure(int reg) {

for (i = 0; i < 256; i++) {
sum += Math.pow(state[i].abs(), 2);
}
for (i=0;i<256; i++) {
rand_num -= Math.pow(state[i].abs(), 2) / sum;
if (rand_num < 0) {
11 BT AT 5 A I A 5 A
init_states();
H11R] 3% 45 4

return i;

}
SR TS R AR AR AR R, AR AR R WA A AR,

HARRL 41 F

public static boolean measure(int reg, int bit) {

if ((rand_num - poss_0) > 0) {

measure_result = true;

A — A

for (i =0;i<128; i++) {
state[bit_no_array[bit][i]] = new Complex(0);

}

for (i =0; i< 256; i++) {
state[i].div(Math.sqrt(poss_1));

}
Yelse {..}
return measure_result;
}
5 =l

LA Deutsch #2314, H: NDQJava FJE i1 R .
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public class Deutsch

{
public static void main(String [] args) {
Deutsch d = new Deutsch();
int i = d.deutsch_1();
System.out.printIn("the resultl of Deutsch is: "+i);
i = d.deutsch_2();
System.out.printIn(“the result2 of Deutsch is: "+i);
}
public int deutsch_1() {
int i=0;
begin
qtype gs;
gs :=init 2::0;
gs :=gs u_i(1) u_x(0);
s := qs u_h(1) u_h(0); /7% X\ BR BF K S 15 56 %
gs :=q@s u_cnot(1,0);
gs :=gs u_h(1) u_i(0);
i :=qgs g_measure(1);
end
return i;
}
public int deutsch_2() {
inti=0;
begin
qtype gs;
gs :=init 2::0;
gs :=qs u_i(1) u_x(0);
s := qs u_h(1) u_h(0); /7% X\ BR BF A & BRI A
gs :=qs u_i(0) u_i(1);
gs :=gs u_h(1) u_i(0);
i :=qgs g_measure(1);
end
return i;
}
}

2e3d NDQJava Ak B 28 4o Ab BA 19 21 B 1 5010 i 4 2 Fe A1 F -

XM00 HM01 HM00 CM01 NM00 HMO01
MMO00 XM02 HM03 HM02 HM03 MMO02

B TG R I 46 I T TR AR 4 SR

0011 0000 0000 0001 0001 0000 0000 0010 0001 0000 0000 0001
0000 0000 0000 0001 0001 0000 0000 0010 1110 0000 0000 0001
0001 0000 0000 1000 0001 0000 0000 0100 0001 0000 0000 1000

2SI TR R

the resultl of Deutsch is: 1

the result2 of Deutsch is: 0
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