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Recent technological progress has brought us closer to quantum computers that can outperform current classical
computers. However, such quantum computers in the near future will likely be very noisy and suffer from limited
coupling architecture. A quantum algorithm must be compiled into a quantum circuit, most often by adding
supplementary quantum gates, to satisfy the coupling restriction of quantum hardware. We propose a novel
formulation of mapping quantum circuits to quantum computers by introducing a dependency graph that represents
the partial order structure of the circuit essential in the mapping. The formulation enables us to leverage techniques
in combinatorial search to find the mapping with minimum cost of additional gates. We obtain better solutions for
cost-optimal mapping of standard benchmark circuits.
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1: S ← ∅ //

2: for all B Q l do

3: R0 ← VD l CNOT

4: f(l, R0) ← 0

5: S ← S ∪ {(l, R0)}
6: end for

7: while True do

8: S′ ← ∅
9: for all (l, R) ∈ S do

10: for all e ∈ EC do

11: l′ ← l e

12: R′ ← R l′ CNOT

13: if f(l′, R′) then

14: f(l′, R′) ← +∞
15: S′ ← S′ ∪ {(l′, R′)}
16: end if

17: f(l′, R′) ← min{f(l′, R′), 1 + f(l, R)}
18: if R′ = ∅ then

19: return f(l′, R′)
20: end if

21: end for

22: end for

23: S ← S′

24: end while
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|B| MIPa PBOb

3 17 13 3 2×2 6 4 3

4 49 17 4 2×2 13 — 7

4gt11 84 5 2×3 2 1 1

4mod5-v1 23 5 2×3 11 — 7

decod24-v3 46 4 2×2 3 2 2

hwb4 52 4 2×2 9 7 6

rd32-v0 67 4 2×3 2 2 2

a MIP [Shafaei 14]. b PBO [Lye 15].

2

Rz H CNOT 25% 25% 50%

100 10

10
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|B|
6 32.4 29.6

5 25.9 23.5

6 (2×3) 12.6 11.9

5 ibmqx4 [IBM QX4 17] 10.4 8.0
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