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研究成果の概要（和文）：ネットワーク帯域幅とキャッシュの価格設定は、インターネットサービスプロバイダ
ー（ISP）のシステムリソースを収益化する上で重要な役割を果たし、特に情報中心ネットワーク（ICN）などの
将来のインターネットアーキテクチャにおいて、ユーザーに対してサービスの品質（QoS）を提供するインセン
ティブを与えます。このプロジェクトの研究成果は2つあります。1) ISPがキャッシュをより効果的に収益化お
よび管理できる実用的な契約を設計しました。2) ISPがCPの支払いに基づいて帯域幅を割り当てるプレミアムピ
アリングを開発しました。これらの研究成果について、いくつかの学術論文が発表されています。

研究成果の概要（英文）：The pricing of network bandwidth and caches plays important roles in 
monetizing system resources of Internet service providers (ISPs), and thus incentivizes them to 
provide quality of service (QoS) for users, especially for the future Internet architectures such as
 information-centric networks (ICN). The research results of this project are two folds:  1) We have
 designed practical contract under which ISPs can better monetize and manage caches, and 2) We have 
developed the premium peering between ISP and CP, under which ISP allocates bandwidth based on CP’s
 payment. The time-based caching contracts and the corresponding pricing schemes for ICN has been 
studied, and the premium peering mechanisms between multiple competing ISPs and CPs where ISPs set 
price have been studied for allocating bandwidth to achieve QoS. Several academic papers have been 
published.

研究分野： Network, Network economics

キーワード： ISP　CP　pricing　caching　utility　time-to-live　　game theory　ICN

  １版

令和

研究成果の学術的意義や社会的意義
The findings of this research project offer practical solutions for improving the monetization and 
management of network resources, while also fostering a more efficient and user-oriented internet 
service ecosystem. They could also influence both academic research and industry practices.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

According to Cisco Systems’ report , nearly two-thirds of the global population will have Internet 
access by 2023. There will be about 5.3 billion total Internet users by 2023, up from 3.9 billion in 
2018. Internet users are accessing the contents distributed globally through various kinds of devices 
such as Tablets, smartphone, TVs, Internet of Things (IoT) devices, and traditional personal computers.  
As content distribution over the Internet become more and more popular and important, future Internet 
architecture requires highly scalable infrastructures to distribute content efficiently. Information-
centric networks (ICN) was proposed as a kind of important future Internet architecture to facilitate 
the contents distribution. 

The pricing of network bandwidth and caches plays important roles in monetizing system 
resources of Internet service providers, and thus incentivizes them to provide quality of service (QoS) 
for users, especially for the future Internet architectures such as information-centric networks (ICN). 
Traditional caching policies such as least recently used (LRU) or most recently used (MRU) make 
caching decisions based on content popularity and therefore, do not help ISPs monetize their cache 
resources; and the best-effort Internet services provided by Internet service providers do not guarantee 
QoS.  
 
 
２．研究の目的 

In this research, we research on 1) practical contract designs under which Internet service providers 
can better monetize and manage caches, and 2) the premium peering between Internet service 
providers and content provider (CP), under which Internet service providers allocates bandwidth based 
on CP’s payment. The purposes of this research are to propose time-based caching contracts and the 
corresponding pricing schemes for ICN, and to study premium peering mechanisms between multiple 
competing Internet service providers and CPs where Internet service providers set price for allocating 
bandwidth to achieve QoS. As an important and promising future Internet architecture, ICN has been 
promoted both by academia and industry. While most research has concentrated on the technical aspect 
of ICN, we will focus on the important economic aspect of ICN and provide the viability of future 
ICN architectures.  
 
３．研究の方法 

ICN uses content name as the routing locator has been proposed for efficient contents distribution. 
In ICN, content is dynamically cached in routers, which is different from traditional content 
distribution networks that still use IP address as routing locator and cache content at distributed servers, 
and caching has been identified as a critical component for ICN. We proposed a time-based caching 
mechanism for service providers (SPs) to monetize caching. The SPs cache contents of contents 
providers for a certain amount of time, depending on the payment from CPs (see Fig.1). 
 

Fig.1 Cache retrieval model. 
 
 

 



As shown in Fig. 2, a time-to-live (TTL) base cache replacement mechanism with nonlinear pricing 
is proposed.  Different from traditional LRU cache replace mechanism, in TTL based cache 
mechanism, a timer is attached to each content in cache, and the content will be evicted if time set in 
the timer is out. The contents' TTL is determined by the payment from CP to SP. Therefore, SP has the 
incentives to deploy caches in its networks, while CP can control the contents' access performance for 
users. The analytical results for occupancy rate, CP's payment and utility are obtained.  

Fig. 2. Time-to-live caching: contents’ time in cache is determined by the payment from CP. 
 
４．研究成果 

The research results of this project are two folds: 1) We have designed practical contract under 
which ISPs can better monetize and manage caches, and 2) We have developed the premium peering 
between ISP and CP, under which ISP allocates bandwidth based on CP’s payment. The time-based 
caching contracts and the corresponding pricing schemes for ICN has been studied, and the premium 
peering mechanisms between multiple competing ISPs and CPs where ISPs set price have been studied 
for allocating bandwidth to achieve QoS. Several academic papers have been published. 
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