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研究室の目標: 
”最適化で社会を動かす”
最適化技術を軸に多様な社会課題を解決し、そこで開発した手法を横展開できるように基礎
から応用までを広く探求し、近未来の社会システムに貢献する。

研究トピック:
スタッフのシフト作成、生産順序の計画
や相乗りのルート決定など、もっと改
善できそうなのにパズルのようでやや
こしい…。このような課題の多くは組
合せ最適化問題として解決できること
が多いです。解決したい問題を数学的
にモデル化して、答えをみつけるための
アルゴリズムを開発する。そして、より
一般的にモデルやアルゴリズムを発展さ
せたり、解の構造や性質を調べる研究
をしています。機械学習手法との融合
も一つの研究方向になっています。

メッセージ:
博士課程学生は、自身で研究テーマをみつけてそのテーマに関し
て世界一を目指して研究に挑みます。学生のうちから指導教員を
超えて世界に羽ばたいています。小さなことでもよいので世界一
を目指す志が、博士への扉を開きます。

博士課程学生の研究テーマ例：
• Forest Point Cloud Understanding across Multiple Sensor Platforms
• Applications of Hyperbolic Geometry in Recommender Systems
• Integrated Planning and Infrastructure Optimization for Sustainable Mobility Systems 
• Round-robin Tournament Scheduling Considering Fairness under Break Constraints
• ⽇本の慣習と法規制を考慮した通勤カープールの研究
• Solving the Static Resource Allocation Problems in Next Generation Optical Networks
• Network Planning in Space-division Multiplexing based Elastic Optical Networks and Spatial Channel Networks
• Characteristic Analysis of Android Smartphone Applications Based on Usage Patterns

The conditions we should consider to schedule cooking processes are as follows:
( 1 ) the quality of foods
• controlling the time elapsed from the previous heating process
• controlling the time to break manual operations

( 2 ) the quality of providing dishes
• the total time from receiving an order until completing its dishes
• completing multiple dishes at the same time for people in a group
• the order and interval time of serving dishes

( 3 ) the efficiency of operations
• the simultaneous manual operations executed for the same kind of process
• the consecutive manual operations executed for the same dish
• the moving time between consecutive manual operations

Specifically, the first condition is derived from the fact that the quality of a dish declines with time after the dish has been
baked once in the oven. In our model, the conditions in (2) are evaluated by the objective function. That is to say, our
model is to find a schedule to complete several specific dishes as much as possible at the same time and to minimize delay
of all dishes from their deadlines while the third condition in (2) is treated by the setting of deadlines.
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Fig. 1 Example of cooking process.
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Fig. 2 Example of Gantt chart diagram representing scheduling result.

In our model, assume that we have the following information for each dish.
• The sequence of cooking processes for the dish and the processing time for each cooking process are given. For

a heating process, either a high-speed or low-speed conveyor is specified. For a manual operation process, the continuity
level θ is given, which represents the measure to do the following process of the same dish continuously. If θ = 1, then the
following process should be executed just after the previous process of the same dish. If θ = 0, we do not need to consider
the continuity to do the following process. We also know whether each cooking process can be executed together with
another process. If it can, the available number of processes executed at the same time is known. The reduced processing
time for executing more than one process is also known. The available time length during which the dish can be waiting
after each cooking process is also clarified.
• A kind of container used for the dish is known. The size of the container for dish X is denoted by len(X).

In addition, we receive a piece of order information which arrives sequentially online. Order information consists of a
plurality of order sheets each of which records dishes ordered by the same group of customers. According to the kinds
of dishes in an order sheet and the number of members in the group, we classify each dish into three categories such
as appetizer, side dish, and main dish. On the basis of the category of dishes, the appropriate ordering and timing for
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Fig. 1. Example of candidate paths by kSP among which share links.

online model is primarily addressed during network operation. In this 
scenario, demands arrive over time, and paths and frequency resources 
are allocated sequentially, with each demand occupying the network 
for a certain period. Therefore, the objective is to minimize blocking, 
which occurs when demand allocation cannot be fulfilled, and blocking 
probability is often used as a performance metric for algorithms. Addi-
tionally, due to the strict computational time constraints required for 
real-time allocation decisions, greedy heuristics [17–20] and machine 
learning-based approaches [21] have been primarily proposed.

In previous studies addressing the RSA problem, for both offline 
and online models, it is common practice to limit the potential com-
munication paths in advance, particularly with respect to routing. 
When representing an optical network as a graph, communication 
paths correspond to paths within this graph. These potential paths are 
referred to as candidate paths, and by limiting these candidates, the 
solution space can be reduced, although at the cost of guaranteeing 
global optimality. For candidate path selection, k-Shortest Paths (kSP), 
which consist of the 1st to kth shortest paths, and their variations are 
frequently employed.

The candidate path set selected by kSP according to the physical 
distance is expected to require fewer FSs since the shorter routes 
require fewer FSs for transmission. Additionally, using a small num-
ber of links for transmissions results in a small total number of FSs 
in the network, allowing for efficient resource allocation. However, 
candidate paths selected via kSP often share specific links, potentially 
creating bottlenecks for frequency resource allocation on these shared 
links. As illustrated in Fig.  1, when selecting three candidate paths 
between nodes s and t using kSP based on hop count, paths such as 
s-v-t, s-u-v-t, and s-v-w-t might be chosen. In such cases, frequency 
resource allocations on links s-v or v-t become concentrated, potentially 
requiring larger frequency bandwidths or making it difficult to allocate 
resources for other connection requests. Furthermore, from a network-
wide perspective, shortcut links like s-v or v-t are highly likely to be 
selected as part of candidate paths in kSP. Therefore, candidate path 
sets must be chosen to avoid intensive use of specific links, as well as 
to select shorter paths. Nevertheless, kSPs are used in many studies.

In this study, we propose three new candidate path selection meth-
ods for the RSA problem based on path similarity and length. We then 
verify their effectiveness. These three methods can be broadly classified 
into two methods focusing on specific node pairs and one method 
considering the entire network. The first method is based on ILP, which 
constrains the similarity among candidate paths, suppresses the sharing 
of links between candidate paths, and selects diverse paths. The second 
method is clustering-based, which groups paths based on path similar-
ity defined by the degree of shared links, and then selects the shortest 
path from each cluster to ensure path diversity. These methods aim 
to provide diverse candidate paths for individual connection requests. 
The third method combines clustering and ILP, groups node pairs, and 
ensures that each group shares as many common links as possible, 

thereby suppressing excessive link sharing and reducing allocation 
conflicts for each demand. Numerical experiments were performed to 
assume the effectiveness of these candidate path selection methods for 
RSA problem.

The remainder of this paper is organized as follows. Section 2 
reviews previous work on the RSA problem. Section 3 introduces the 
RSA problem. Section 4 presents the proposed candidate path selec-
tion methods. Section 5 describes the experimental design, and Sec-
tion 6 presents the simulation and numerical results. Finally, Section 7 
concludes the paper.

2. Previous work

This chapter provides an overview of prior research on resource 
allocation problems in optical networks, with a primary focus on the 
RSA problem and methods for enumerating multiple paths. First, we 
classify ILP formulations in the offline case. Next, we introduce studies 
that propose efficient search techniques for subproblems of the RSA 
problem. Then, we summarize greedy heuristics that process requests 
one by one. Furthermore, we discuss methods for enumerating multiple 
paths between two nodes in a graph. Finally, we position this study in 
the context of prior research.

2.1. Classification of ILP formulations

ILP formulations for the RSA problem can be categorized into path-
based and node-based approaches concerning routing. In path-based 
formulations [3–6,9–11,13], a set of candidate paths is pre-enumerated 
for each connection request, and the optimal path is selected from 
them. In contrast, node-based formulations [6,7,12] adopt a flow-
conservation-based formulation, selecting the optimal path from all 
possible paths. While path-based formulations require more compu-
tation time than node-based formulations to find a globally optimal 
solution, selecting appropriate candidate paths can yield near-optimal 
solutions with reduced computational time.

For spectrum allocation, ILP formulations are classified as slot-
based and channel-based. In slot-based formulations [3–5,7,11,12], 
FSs are treated as explicit variables. Several formulations have been 
proposed, including one where all FSs used for allocation are treated as 
variables [4], one where only the starting FS is treated as a variable [3,
5], and one where both the starting and ending FSs are treated as 
variables [7]. On the other hand, channel-based formulations [6,9,13] 
treat a contiguous block of FSs required for a connection request as a 
single channel and use channel allocation as a variable. Although all 
possible channels need to be pre-enumerated, this approach eliminates 
the need to explicitly model spectrum contiguity constraints, reducing 
the number of constraints.

Table  1 shows the classification of ILP formulations into four types: 
path/slot, path/channel, node/slot, and node/channel. The symbol ‘‘Y’’ 
in the table indicates the ILP models considered in each study. Some 
of these have focused on efficiently solving ILP formulations. For 
example, Miyagawa et al. [8] proposed a method in path/slot-based 
formulations, where they defined a relaxation problem to obtain a tight 
lower bound and also compared multiple greedy heuristics to obtain 
a high-quality upper bound. Wang et al. [10] formulated a relaxation 
problem that determines only the path assignment in both path-based 
and node-based formulations to obtain a lower bound, and then used 
the obtained path assignment for an ILP formulation of the spectrum 
allocation problem to derive an upper bound. Wang et al. [9] proposed 
a method for path/channel based formulations that achieves an approx-
imate solution with performance guarantees by utilizing Lagrangian 
relaxation and decomposition into subproblems.

2.2. Efficient search techniques for subproblems

ILP-based approaches for the RSA problem have the issue of long 
computation times because they simultaneously perform routing and 
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