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There is obtained, (e.g., with a unified level module), a computer program written in a

202
va

unified language.

Code factoring is performed (e.g., with a unified level module code) on all or a
portion of the computer program to form a refactored code.

204
va

;

The refactored code is converted into a first code.

206
v

,

The first code, (e.g., with a high level module), is compiled into a second code. The
high level module supports loops, subroutines and flow control instructions within the

208
v

first code .

The second code, (e.g., with a low level module), is converted to a third code
comprising a series of quantum gate level operations.

210
va

i

The third code, (e.g., with a gate level module), is compiled into a fourth code
expressed in a quantum gate-level language in accordance with the instruction set
and gate locality constraints of a target quantum computer.

212
Ve

Figure 3
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# HELIUM_web_test_prog0.q
qubit ->a
qubit->b
qubit -> ¢

increment k to 12

h{k]
cnot[k,6]
t[k]
rz(k)[k]
next
9->u

measure[a] -> v

Figure 33A

# HELIUM_web_test_progl.q
qubit -> a
qubit -> b
qubit -> ¢

9->u

increment k to u
h[k]
next

measure[a] -> v
gosub test
gosub test?2

sub test
h(b]
rz(u)[c]
h{c]
Endsub

sub test2
cnot[2,3]
h(4]
endsub

Figure 33B
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/ 1006

/1008

rz {
dim_in: 2
dim_out: 2
params : 1

kraus: @rz

}

h{
dim_in: 2
dim_out: 2

kraus:
[0.7071067811865475
0.7071067811865475;
0.7071067811865475 -
0.7071067811865475]

}

cnot {
dim_in: 2 2
dim_out: 2 2

kraus:[1000;0100;
0001;0010]

}

qubit {
dim_in: 1
dim_out: 2

kraus: [1; 0]

static:
generate_qubit_label

}

measure {
dim_in: 2
dim_out: 1

kraus: [10]->0
kraus: [0 1] -> 1
}

rx {
dim_in: 2
dim_out: 2
params : 1

kraus: @rx

}

ry {
dim_in: 2
dim_out: 2
params : 1

kraus: @ry
}

xy {
dim_in: 2 2
dim_out: 2 2

kraus: @xy
}

qubit {
dim_in: 1
dim_out: 2
kraus: [1; 0]

static:

generate_qubit_label

}

measure {
dim_in: 2
dim_out: 1

kraus: [1 0] >0
kraus: [0 1] -> 1

}

qubit -> 1

qubit -> 2

ry(0.785398)[1]
rx(1.570796)[1]
rx(-0.000003)[2]
ry(0.785398)[2]
rx(-2.356194)[2]
xy(3.141592653589793)[1,2]
ry(0.785398)[1]
rx(0.785398)[1]
rx(0.785398)[2]
ry(0.785398)[2]
rx(2.356194)[2]
xy(3.141592653589793)[1,2]
rx(2.356194)[1]
ry(0.300000)[1]
rx(-0.785398)[1]
rx(-1.570793)[2]
measure[1]->1
measure[2]->2

Figure 34
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/ 1006

/1008

rz {
dim_in: 2
dim_out: 2
params : 1

kraus: @rz

h{
dim_in: 2
dim_out: 2

kraus:
[0.7071067811865475
0.7071067811865475;
0.7071067811865475 -
0.7071067811865475]

}

cnot {
dim_in: 2 2
dim_out: 2 2

kraus:[1000;0100;
0001;0010]

}

qubit {
dim_in: 1
dim_out: 2

kraus: [1; 0]

static:
generate_qubit_label

}

measure {
dim_in: 2
dim_out: 1

kraus: [1 0]->0
kraus: [0 1] -> 1
}

rx {
dim_in: 2
dim_out: 2
params : 1

kraus: @rx

}

ry {
dim_in: 2
dim_out: 2
params : 1

kraus: @ry
}

iswap {
dim_in: 2 2
dim_out: 2 2

kraus: [1000; 00 (1))
0;0(1))00;000 1]
}

qubit {
dim_in: 1
dim_out: 2

kraus: [1; 0]

static:
generate_qubit_label

}

measure {
dim_in: 2
dim_out: 1

kraus: [1 0] >0
kraus: [0 1] ->1
}

qubit -> 1

qubit -> 2
ry(0.785398)[1]
rx(1.570796)[1]
rx(-0.000003)[2]
ry(0.785398)[2]
rx(-2.356194)[2]
iswap[1,2]
ry(0.785398)[1]
rx(0.785398)[1]
rx(0.785398)[2]
ry(0.785398)[2]
rx(2.356194)[2]
iswap[1,2]
rx(2.356194)[1]
ry(0.300000)[1]
rx(-0.785398)[1]
rx(-1.570793)[2]
measure[1]->1
measure[2]->2

Figure 35
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# One set of echo for qubits of Aspen 7

qubit -> 1

qubit -> 2

qubit -> 3

qubit -> 4

qubit -> 5

qubit -> 6

qubit -> 7

qubit -> 8

qubit -> 9

qubit -> 10
qubit -> 11
qubit -> 12
qubit -> 13
qubit -> 14
qubit -> 15
qubit -> 16
qubit -> 17
qubit -> 18
qubit -> 19
qubit -> 20
qubit -> 21
qubit -> 22
qubit -> 23
qubit -> 24
qubit -> 25
qubit -> 26
qubit -> 27
qubit -> 28
qubit -> 29
qubit -> 30
qubit -> 31
qubit -> 32
qubit -> 33
qubit -> 34
qubit -> 35
qubit -> 36
qubit -> 37

0.5 -> Thalf
wait(Thalf)[33]
X[33]
wait(Thalf)[33]
X[33]

measure[33] -> 33

Figure 36
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# Echo by parity for qubits of Aspen 7

qubit -> 1

qubit -> 2

qubit -> 3

qubit -> 4

qubit -> 5

qubit -> 6

qubit -> 7

qubit -> 8

qubit -> 9

qubit -> 10
qubit -> 11
qubit -> 12
qubit -> 13
qubit -> 14
qubit -> 15
qubit -> 16
qubit -> 17
qubit -> 18
qubit -> 19
qubit -> 20
qubit -> 21
qubit -> 22
qubit -> 23
qubit -> 24
qubit -> 25
qubit -> 26
qubit -> 27
qubit -> 28
qubit -> 29
qubit -> 30
qubit -> 31
qubit -> 32
qubit -> 33
qubit -> 34
qubit -> 35
qubit -> 36
qubit -> 37

Figure 37A
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1 -> Tull
0.5 -> Thalf

wait(Thalf)
# Apply decoupling sequence on odd qubits
xX[1]
X[3]
X[5]
X[7]
X[9]
x[11]
x[13]
X[15]
X[17]
x[19]
x[21]
x[23]
X[25]
x[27]
x[29]
X[31]
X[33]
xX[35]
X[37]
wait(Thalf)
# Apply decoupling sequence on odd qubits
x[1]
X[3]
x[5]
X[7]
X[9]
x[11]
X[13]
X[15]
X[17]
x[19]
x[21]
x[23]
X[25]
x[27]
x[29]
X[31]
X[33]
x[35]
X[37]

measure[33] -> 33

Figure 37B



