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Simplifying Shor’s factoring algorithm and
implementation experiment by using quantum computer
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Abstract. For implementing Shor’s factoring algorithm, we choose positive integer a < N co-prime to N, and find the order r
which satisfies @ mod N= 1. The algorithm results in factoring integer N in polynomial time. When implementing the quantum
circuit of the algorithm, we can think of several quantum circuits which have different number of quantum gates and alignment
sequence. By choosing the quantum circuit which have less gates, we can improve the accuracy of measurement data.

We implement the quantum circuit of Shor’s factoring algorithm for N =15, a = 7 and N = 35, a = 4 following basic rules, and
simplify them by focusing on Toffoli gates and repetitive sequences. Before and after simplifying, we compare the measurement
data, and confirm the results of improving accuracy. We use IonQ to implement these quantum circuits. In this paper, we report
improving accuracy by 7.0% in the case of N= 15, a =7, 13.5% in the case of N=35, a =4.
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Figure 1 The topology of ibmq_lima.
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Table 1 Truth table of 3-bit control register and target register
for N=15,a="7

colci|ca|lqgo|q|qg2]| g3
0 [0 [0 [0 0 0 1
0 0 1 0 1 1 1
0 1 (V] 1 0 0
0 1 1 1 1 0 1
1 0 [0 [0 0 0 1
1 0 1 0 1 1 1
1 1 (V] 1 0 0
1 1 1 1 1 0 1

L, c BHIHIL VAR, q BAF LV AX LIESR T 2T
T5. £, flEILCAXIZIEIHY—F (TH~—LFT—
) BEASES. HZ— MIBFREZ ERAbEikE
BB ESEDLZENTEXS. ZnICED, HiryAxazo
WL EATS . Fo, AENEHIEL A2 E2 3y b e
L. LY AZOE Y MERZWIEE, EREDETE
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Figure 3 Quantum gates equivalent to logical AND.
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Table 2 Truth table of logical AND.

co | ct|qo
00 |0
0 1 0
1 010
1 1 1
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X 4 GREEFICHYT 2877 — MRE

Figure 4 Quantum gates equivalent to logical OR.
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Table 3  Truth table of logical OR.

co|ct|qo
0[O0 |0
0 1 1
1 0 1
1 1 1
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TRBETE Y FRAHBETERV. Lo T, ARROERT
12 2.2 BiCHl A~ 7225 S D TonQ 2 AN 5.
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X SIZN=15,a=7ZBF5E&TREXERT. fr
=4 Th%. [BBOETEIEESZIZLTNDER, FHOH
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Figure 5 Quantum circuit of Shor’ factoring algorithm for N =
15,a=1.
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Figure 6 Toffoli gate.
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Figure 7 Simplified quantum circuit of Shor’ factoring

algorithm for N=15,a=7.
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Table 4  Truth table of 3-bit control register and target register
for N=35,a=4
colci|ca|lqo|q|q|qgs|qgs
0|0 [0 o0 0 0 1|0 1
0|0 1 0 0 1 0|0
0 1 0 1 0 00 |0
0 1 1 1 1 1 0 1
1 0 [0 [0 1 0 1 1
1 0 1 0 1 0|0 1
1 1 0|0 0 0 1|0 1
1 1 1 0 0 1 0 1|0
o —[u] -
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. Fany el
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qz va
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'n Fa R Tan Y Ty
\ L7 L\
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X 8 N=35,a=4® Shor D7 /L =Y X LEF[EK
Quantum circuit of Shor’ factoring algorithm for N
=35,a=4.
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Figure 9 Simplified quantum circuit of Shor’ factoring

algorithm for N =35, a =4.
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Figure 10  Measurement data of quantum circuit of Shor’

factoring algorithm for N = 15, a = 7 (Figure 5).
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Figure 11 Measurement data of simplified quantum circuit of

Measured probability
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=

Shor’ factoring algorithm for N = 15, a = 7 (Figure 7).
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Figure 12 Measurement data of quantum circuit of Shor’

factoring algorithm for N = 35, a = 4 (Figure 8).
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