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Introduction

[DW71]: The tree decomposition into three parts 
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[FKW07]: alternative decomposition into 
three parts 

ü Input: An undirected weighted graph 𝐺 = 𝑉, 𝐸, 𝑤: 𝐸 → ℝN , 𝑉 = 𝑛,
a terminal set 𝐾 ⊆ 𝑉, 𝐾 = 𝑘

ü Output: A minimum Steiner tree 𝑇
(minimum weighted tree that connects all vertices in the terminal set 𝐾)

Minimum Steiner Tree (MST) Problem

MST (terminal nodes:     ) Sub-MST (terminal nodes:        )

𝑇 → 𝑇- ∪ 𝑇. ∪ 𝑇R

ü The sizes of 𝑇S are unknown 
→ exhaustive search for all possible sizes

ü Complexity:𝑂∗ 31

𝑇-

𝑇. 𝑇R

ü Multiple split nodes
ü Vertex contraction : contract split nodes

Split node

Classical Algorithms for MST [DW71, FKW07]

Quantum Algorithm for 
Travelling Salesman Problem [Amb+19]

ü Input: An undirected weighted graph 𝐺 =
𝑉, 𝐸, 𝑤: 𝐸 → ℝN , 𝑉 = 𝑛

ü Output: A minimum weighted route that visits each
vertex

Travelling Salesman Problem (TSP)
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𝑇

The optimal route of 𝑛 vertices 
is decomposed into two optimal 

routes of g. vertices 
+

𝑊 𝐾. ∪ 𝑣2 @/2
𝑊 𝐾- ∪ 𝐴

𝑊 𝐾

[Amb+19]

ü Classical part : algorithm of [DW71]
ü Quantum part : tree decomposition used in [FKW07]

Ø The size of the set of split nodes 𝐴: 𝐴 = 𝑂(log -
0
)

Ø the MST is decomposed into two sub-MSTs whose sizes are |𝐾-| = 𝐾. = -
.
± 𝜀 𝑘

Algorithm

𝛽 ≈ 0.2835,
𝜀 = 0
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Well-known NP-hard problem

Minimum Steiner tree 𝑇
Weight:𝑊 𝑇 = 7

Prior Work

The Proposed Algorithm

Classical setting

Quantum minimum finding

Quantum minimum finding

Quantum minimum finding

1. Classically compute the optimal routes of all possible 
half vertices

2. Quantumly compute minimum value in the two of 
these optimal routes 

Finding minimum value in 𝑛 elements

quantum[DH96] classical
r𝑂( 𝑛) 𝑂(𝑛)

𝑂∗ notation hides a polynomial factor in 𝑛 and 𝑘.

ü proposed 𝑂∗(1.8121) algorithm
ü No other algorithm faster than 𝑂∗(21)
ü The first quantum algorithm for MST problem 

This Research

Input Output

Relation to Prior Work
Ø Our algorithm has the structure similar to  [Amb+19] (one classical part and one quantum part)
Ø Classical part : [DW71] 
Ø Quantum part : [FKW07] (In quantum setting, two decomposition is better than three decomposition)

The answer of the problem

𝜷 ∈ (𝟎, 𝟏
𝟐
]


