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A quantum circuit layout and optimization method in

two-dimensional architecture

ZHANG Chao, GUAN Zhijjin*, FENG Shiguang, NIU Yiren, ZHU Mingqiang

( School of Information Science and Technology, Nantong University, Nantong 226019, China )

Abstract: In order to solve the problem of mapping quantum circuits to two-dimensional architecture and
realizing qubit nearest neighbor, a quantum circuit layout and optimization method in two-dimensional
architecture is proposed. Firstly, according to the execution order and interaction of quantum gates in
quantum circuit, a depth-first search qubit mapping order based on the weight of qubits is proposed, then
the initial qubit mapping is realized by taking into account the relationship between the put qubits in the
mapping order, the qubits to be put in and the unput qubits. Secondly, the selection of the same look-
ahead quantum cost in the nearest neighbor process is optimized, then according to the optimized cost
results, SWAP gates are inserted to realize the nearest neighbor of all double quantum gates. Finally, the

proposed method is verified by experiments and compared with the existing methods, and it is shown that
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the average optimization rate of the propsed method reaches 18% on the small and medium-sized

Benchmark and 17% on the medium and large-scale Benchmark.

Key words: quantum physics; quantum circuits; quantum mapping; nearest neighbor; two-dimensional

architecture
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Fig.1 Elementary quantum gates. (a) NOT gate; (b) CNOT gate; (c) T gate; (d) H gate
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: queue[j] = max(0,))

: UL B A7Aif AR stack [ ], AR B 2% 51 s_index, &= 107 LSS VT BA 1 queue[]
: stack[0] = queue[j], queue[0]=queuel[]]

: While len(queue)< M

: MIanAE A BB T TR IR N 7% 513 temp ], i 476 32 B 2% 51 g_index

: For gbit e gate[stack[s_index]] do

o 0 1 N Ut AW N

: If w ¢ queue do
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: stack.append(gbit), g.append(gbit)
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: s_index = s_index+1
: break

: If w e queue do
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: temp.append(w)
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: g_index = g_index+1
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: If g_index = len(gate[stack[s_index]])do
: stack.pop()//[El#fl 2 F—AN A7

¢ s_index = s_index-1

: End For
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Fig.2  The original quantum circuit for the initial mapping
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Fig. 4  Qubit interaction diagram
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10: TS AL E AN £(d)

11: min(f(d)) < grid(temp_q_bit)

12: H 3 deg(v), act(v), frd(v), nbr[v]

13: End For
14: End For
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1: For non-adjacent gate € G do
2: B3 —/NATHE E 1 window
3: A UM I8 5 %1 3% meeting_point_list«— via local grid(con, tar)
4: For meeting_point € meeting_point_list do
5: 2F Ji con 2| meeting_point 1T A 5 5 #5442 con_mp_path_list
6: For con_mp_path € con_mp_list do
7: tF & con_mp_path [ & T4 con_mp_qc
8: If qc[i] == qc[j] do/A7/EAH A T BE &0
9: THHHTHE % 1 window HH B — > gate T T

10: min_con_mp_path «<— min(dist(gate))
11: End For

12: 4 i tar 2] meeting_point [ T i JH 26 1% tar_mp_list
13: For tar_mp_path e tar_mp_path_list do

14: 715 tar_mp_path [ & F L4 tar_mp_qc

15: If qc[i] == qc[j] do//A7-{EAH [ A & & TN

16: 115 HTHE & [ window H 1158 —> gate = T

17: min_tar_mp_path «<— min(dist(gate))

18: End For

19: End For

20: A AAZAH I 5 4% m_p_path«— min_con_mp_path + min_tar_mp_path
21: For m_p_path € meeting_point_list

22: If qc[i] == qc[j] do/477EAH R HT BE &S

23: TFEETIE R O window R gate =TT

24: min_m_p_path «<— min(dist(gate))

25: SWAP_num = len(min_m_p_path)-2//1+ 5 SWAP [ 1%{

26: End For

27: End For
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TAUY (QC), FHANFZAW TG H AR R T (QC). f)m —FIRAM TEHTHEH J7iE 5 3CHk [9] & H
TIFAEAA R 4SRRI AL 2 Impre SREG 25 AR, AHIE 5T $2 U7 VELE SE 1) BT LG B REIE S —
SEREEE MR AL, b BRI 5 69%. 2% 5 18%.
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Table 1 Quantum cost of each look—ahead window size

Benchmarks Quantum cost in different windows

Type Name N G 1 2 3 4 5 6 7 8 9 10
Small 4mod5-vl_22 5 21 5 3 3 4 4 4 4 4 4 4
Small alu-v0_27 5 36 9 7 7 7 7 7 7

Small  decod24-v2_43 4 52 16 10 10 11 10 10 11 10 10 11
Small 4gt13_92 5 66 19 13 17 13 16 14 15 13 14 12
Sim ising_model_16 16 786 10 16 10 17 15 13 9 9 9 9
Qft qft_10 10 200 49 49 24 27 25 28 27 28 24 23
Qft qft_13 13 403 100 91 52 62 51 47 52 49 57 55
Qft qft_16 16 512 176 167 108 108 95 105 95 106 92 95
Qft qft_20 20 970 332 260 182 166 153 154 158 178 157 172
Large rd84_142 15 343 114 89 86 83 85 83 93 92 88 82

® 2 AMRPTRN A S CH 9] 7 0EXT LA SEIR 4R R

Table 2 Experimental results comparison of the proposed method and literature [9]

Benchmarks QC
Type Name N G Literature [9] Results Impr/%
Small 4mod5-v1_22 5 21 4 3 25
Small alu-v0_27 5 36 8 7 13
Small decod24-v2_43 4 52 10 10 0
Small 4gt13_92 5 66 13 12 8
Sim ising_model_16 16 786 43 9 69
Qft qft_10 10 200 29 23 21
Qft qft_13 13 403 48 47 2
Qft qft_16 16 512 101 92 9
Qft qft_20 20 970 107 153

Large rd84_142 15 343 94 82 13
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N 3 PR, 9 T AT HURASHIE FU3R 1 53 5 STk [10] B2 (K74 FLAR, AR AN RE RITHE 0 11 1132
e, G K ATIE T B E N 4. L SCYG AR R &7 R, R AT FU R SR AR 45 R 5 SCHR (10] FOSEI 45 R AT
PR, S5 RR W], AW TR AN T K8 7 r g — e R AL, JCHAE /N AR BT L i 2
RigfEo 724 x50 Z4EHH N, AW TR 7R I S A B 1 F R A 92% REIS B RICR, Horh e
BB LA RT3 5 64% 2% H117%.

3 AMRFRL G A S 3CE [10] 5IAX EERISEInES R

Table 3 Experimental results comparison of the proposed method and literature [10]

Benchmarks QC
Type Name N G Literature [10] Results Impr/%
Small 4mod5-v1_22 5 21 4 4 0
Small modSmils_65 5 35 7 6 14
Small alu-v0_27 5 36 12 7 42
Small decod24-v2_43 4 52 11 4 64
Small 4gt13_92 5 66 18 13 28
Sim ising_model_10 10 480 0 10 -
Sim ising_model_13 13 633 24 11 54
Sim ising_model_16 16 786 17 12 29
Qft qft_10 10 200 28 23 18
Qft qft_13 13 403 71 56 21
Qft qft_16 16 512 124 105 15
Qft qft_20 20 970 176 166 6
Large rd84_142 15 343 105 86 18
Large adrd_197 13 3439 983 860 13
Large radd_250 13 3213 884 812 8
Large z4_268 11 3073 859 810 5
Large sym6_145 14 3888 1023 902 12
Large misex1_241 15 4813 1298 1184 9
Large rd73_252 10 5321 1467 1356 8
Large cycle10_2_110 12 6050 1681 1531 9
Large square_root_7 15 7630 1681 1572 6
Large sqn_258 10 10223 2832 2465 13
Large rd84_253 12 13658 3884 3533 9
Large col4_215 15 17936 5238 5112 2
Large sym9_193 10 34881 9725 8914 8
Large 9symml_195 11 34881 9725 8937 8

5 4 ®
T YRR R LB A T AR SE LR H AT E TR S LI E T E R ERERS . it & A
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